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ABSTRACT 

This  paper repor ts  progress on t he  development o f  a populhtion 

p ro jec t ion  process t h a t  emphasizes model se lect ion over demographic 

accounting. Transparent multiregional/multistate population pro ject ions 

t ha t  r e l y  on parametrized model schedules are i l l u s t r a ted ,  together w i t h  

simple techniques t h a t  ext rapola te  the  recent t rends exhibi ted by the  

parameters of such scheaules. The parametrized schedules condense the 

amount o f  demographic information, expressing i t  i n  a language and 

var iables t h a t  are more read i l y  understood by t he  users o f  t he  

project ions.  I n  addi t ion,  they permit a concise spec i f i ca t ion  o f  the  

expected temporal pat terns of va r i a t i on  among these variables, and they 

a l l w  a disaggregated focus on demographic change t h a t  otherwise would not  

be feasible.  





PARAMETRIZED HULTI STATE POPULATION PROJECTIONS 

It has been argued t h a t  the populat ion p ro jec t ion  process should be 

formulated as one o f  model se lect ion ra ther  than o f  demographic accounting 

(Brass, 1974 and 1977; Key f i t z  1972). This paper repor ts  progress on the 

development o f  such a p ro jec t ion  process. It describes methods f o r  

generating mul t i reg ional  /mu l t i s ta te  populat ion pro ject ions t h a t  r e l y  on 

parametrized model schedules and simple techniques t h a t  extrapolate trends 

for  the  parameters o f  such schedules. The parametrized schedules condense 

the m u n t  o f  informat ion t o  be spec i f ied as assumptions, s imp l i f y ing  and 

making more transparent what i s  being modeled; they express t h i s  condensed 

informat ion i n  a language and var iables t h a t  are read i l y  understood by the  

users of the project ions;  they permit  a more concise spec i f i ca t ion  o f  the 

expected temporal pat terns o f  v a r i a t i o n  among these variables; and they 

al low a f i n e r  disaggregation o f  demographic change components than would 

otherwise be feasible.  

1. INTRODUCTION 

Mult i s t a t e  general i za t ions  o f  the c lass ica l  sing1 e s ta te  pro ject  i on  

m d e l s  widely used i n  appl ied demography today assess the  numerical 

consequences, t o  an observed o r  hypothet ical  (single-sex) mu l t i s t a te  

population, o f  a pa r t i cu l a r  se t  o f  assumptions regarding fu tu re  patterns 

o f  mor ta 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 ransfers.  The mu l t i s ta te  model 

of demographic growth and change expresses the  populat ion pro ject ion 

process by means o f  a simple matr ix  operat ion i n  which a population set  

out as a vector i s  mu l t i p l i ed  by a growth matr ix  t h a t  survives the 

populat ion forward over time. The p ro jec t ion  computes the state- and 

age-specif ic survivors o f  a given sex and adds t o  t h i s  t o t a l  the 

corresponding surv iv ing new b i r ths .  
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Multistate demographic projections incorporate two important aspects 

of population dynamics tha t  lead to greater consistency among projected 

outputs: 1) accounting ident i t ies that interconnect changes in events 

and f l w s  w i t h  changes i n  population stocks, and 2) in terstate transit ion 

probabil i t ies that re f lec t  the influences of past events and flows through 

the current age and status distr ibutions of the aggregate population. 

For example, the number of widowings i n  a given region will be influenced 

by the nunber of married women residing there, a nunber that  in turn i s  

influenced by the nur&er of marriages in previous periods in a l l  regions 

and the number of married women inmigrating t o  and outmigrating from the 

region of interest. 

To ensure that  accounting ident i t ies connecting events, f l w s ,  and 

stocks are respected, the multistate projection model t races the evolution 

of each status-specif ic category of individuals by adjusting an in i t ia l  

stock to  take into account the number of events and flows that  are 

expected t o  occur during a projection period. In th i s  way, changes in the 

nunber of events and flows are reflected i n  the projected age- and 

status-specif ic distr ibut ion of the population. 

The influences running i n  the reverse direction are also included. 

Changes i n  age- and status-specific population stocks influence future 

events and flows. For example, increases i n  the number of marriages a t  a 

particular age i n  a given region will lead t o  increases in the nurher of 

married persons and thereby produce a r i se  i n  nuptial b i r ths there i n  the 

future. 

Mu1 t i  s ta te  population project ions general ly need to keep track of 

enormous amounts of data. The disaggregations incorporated i n  such 

projections are introduced either because forecasts of the specified 
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populat ion subgroups are important i n  t h e i r  own r i gh t ,  o r  because i t i s  

bel ieved t h a t  simple and regular  trends are more l i k e l y  t o  be discovered 

a t  r e l a t i v e l y  higher l e v e l s  o f  disaggregation. 

High leve ls  of disaggregation permit a greater f l e x i b i l i t y  i n  the  use 

o f  the  pro ject ions by a wide var ie ty  o f  users; they also o f ten lead t o  a 

detect ion o f  greater consistency i n  patterns o f  behavior among more 

homogeneous population subgroups. But greater disaggregation requi res the 

est imat ion o f  even greater  nunbers o f  data points, both those descr ib ing 

i n i t i a l  population stocks and those de f in ing  the  f u tu re  r a tes  of events 

and f lows t h a t  are expected t o  occur. The p rac t i ca l  d i f f i c u l t i e s  o f  

obtaining and i n t e rp re t i ng  such data soon o u t s t r i p  the benef i ts o f  

disaggregation. 

Mathematical descr ip t ions o f  schedules o f  demographic rates, here 

ca l l ed  parametrized d e l  schedules, o f f e r  a means f o r  condensing the  

amount of information t o  be speci f ied as assumptions. They a lso express 

t h i s  condensed informat ion i n  a language and var iables t h a t  are more 

read i l y  understood by the  users of t he  projections, and they provide a 

convenient way of associat ing t he  var iables t o  one another, ex t rapola t ing 

them over time, and r e l a t i n g  them t o  var iab les describing t h e  economic 

environment t h a t  under1 i e s  the  project ions.  

The use o f  parametrized model schedules i n  the population p ro jec t ion  

process al lows one t o  develop an e f f e c t i v e  descr ip t ion o f  how the  

components of demographic change (e. g. mortal i t y  , f e r t i l  i t y  , and 

migrat ion) are assumed t o  vary over t ime i n  terms o f  a r e l a t i v e l y  few 

parameters. Insofar as the assumptions cor rec t l y  an t i c ipa te  the future,  

the p ro jec t ion  f o r e t e l l s  what indeed comes t o  pass. Insofar  as the  

parameters are readi  l y  in te rp re tab le  by non-demographer users o f  the  



project ion,  they make poss'ible the assessment o f  the reasonableness o f  a  

se t  of assumptions instead of a  se t  o f  projected population to ta ls .  

As Key f i t z  (1972) co r rec t l y  observes, a  t rend ext rapola t ion o f  each 

age-specif ic r a t e  i n  a  populat ion p ro jec t ion  i s  an excessive concession t o  

f l e x i b i l i t y  t h a t  can read i l y  produce e r r a t i c  resu l ts .  On the  other hand, 

t o  assume tha t  change i n  a  se t  o f  ra tes  occurs uni formly a t  a l l  ages i s  t o  

go against experience. Parametrized model schedul es o f f e r  a  way o f  

introducing f l e x i b i l i t y ,  wh i le  a t  the same t ime re ta i n i ng  the  

interdependence between the ra tes of a  pa r t i cu l a r  schedul e. 

The aim o f  t h i s  paper i s  t o  i l l u s t r a t e  a  procedure for  mu l t i s t a te  

populat ion pro ject ion t ha t  requi res the  spec i f i ca t ion  o f  fu tu re  trends f o r  

a  number o f  s i gn i f i can t  parameters de f in ing  a  co l l ec t i on  o f  model 

schedules. The in ten t  o f  such a  procedure is ,  i n  t he  words o f  Wi l l iam 

Brass (1977, p. 15): 

... t o  sketch out  a  procedure f o r  populat ion p ro jec t ion  which 
requires the est imat ion of future t rends f o r  a  minimum of 
s i gn i f i can t  parameters. 
... t o  s h i f t  as far  as p rac t i cab le  from the appearance o f  a  
bookkeeping, accounting system t o  one i n  which the somewhat crude 
model elements are apparent and, thus, t h e i r  inescapable lack o f  
ce r ta in ty  displayed. 

The i l l u s t r a t i o n  considers a  two region-four s ta te  descr ip t ion o f  the  

Swedish female population i n  1974 and examines a l te rna t i ve  pro ject ions o f  

t h a t  populat ion i n t o  the future.  Me begin w i t h  a  descr ip t ion o f  

parametrized model schedules and the inpu t  data, continue w i t h  a  

discussion o f  the associated mu l t i s t a te  l i f e  tab les and constant 

coef f ic ient  project ions,  and conclude w i t h  an exposi t ion o f  simple 

va r iab le  coe f f i c i en t  pro ject ions t ha t  are d r i ven  by assumed patterns o f  

change i n  f e r t i l i t y ,  mar i ta l  s ta tus t rans i t i ons ,  and in te rna l  migration. 
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2. PARAME'TRIZED MODEL SCHEDULES AND INPUT DATA 

The use of mathematical functions, expressed in terms of a small se t  

of parameters, to smooth and describe parsimoniously schedules of 

age-specific rates i s  a c m n  practice in demography. Such functions 

have been f i t t ed  to  mortality and f e r t i l i t y  data, for  example, and the 

resul ts  have been widely used for data smoothing, interpolation, 

comparative analysis, data inference, and forecasting (Brass 1971, Coale 

and Demeny 1966 and 1983, Coale and Trussell 1974, Helignan and Pollard 

1980, Hoem e t  a1 . 1981, and United Nations 1967 and 1983. ) 

More recently, the range of parametrized schedules has been expanded 

t o  include in terstate transfers such as migration (Rogers, Raquillet, and 

Castro 1978; Rogers and Castro 1981) and changes i n  marital s tatus other 

than f i r s t  marriage (Rogers and Wil liams 1982, and Williams 1981). Thus 

i t  i s  now possible to  define a model (hypothetical) mult istate dynamics 

tha t  describes the evolution of a single-sex population exposed t o  

parametrized schedules of mortality , f e r t i l i t y ,  migration, and several 

forms of marital s tatus change ( that  i s ,  f i r s t  marriage, divorce, 

widowhood, and remarriage). 

Parametrized model schedul es describe the remarkably persistent 

regular i t ies i n  age pattern tha t  are exhibited by many empirical schedules 

of age-specif ic rates. Mortality schedules, for example, normally show a 

moderately high death ra te  following.birth, a f ter  which the rates drop to 

a minimum between ages 10 to 15, then increase slowly unti l  about age 50, 

and thereafter r i se  a t  an increasing pace unti l  the l a s t  years of l i fe .  

This section i s  drawn from Rogers (1982). 
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F e r t i l i t y  ra tes general ly s t a r t  t o  take on nonzero values a t  a b w t  age 15 

and a t t a i n  a maximum somewhere between ages 20 and 30; the curve i s  

un imdal  and decl ines t o  zero once again a t  some age close t o  50. S imi lar  

un imda l  p r o f i l e s  may be found i n  schedules o f  f i r s t  marriage, divorce, 

and remarriage. The most prominent regu la r i t y  i n  age-specif i c  schedules 

o f  migrat ion i s  the  h igh concentration o f  migrat ion among young adults; 

ra tes o f  migrat ion a lso are high among children, s t a r t i ng  w i t h  a peak 

during the f i r s t  year o f  l i f e ,  dropping t o  a low po in t  a t  a b w t  age 16, 

turn ing sharply upward t o  a peak near ages 20 t o  22, and dec l in ing  

regu la r l y  thereaf ter  except for  a possible s l i g h t  hump o r  upward slope a t  

the onset o f  the  p r inc ipa l  ages o f  ret iremznt. Although data on ra tes o f  

labor force ent ry  and e x i t  are very scarce, the  few published studies t h a t  

are ava i lab le  ind ica te  t h a t  r egu la r i t i e s  i n  age pa t te rn  a lso may be found 

i n  such schedules. F igure 1 i l l u s t r a t e s  a nude r  o f  t yp i ca l  age p ro f i l es  

exhibi ted by schedules of ra tes  i n  mu l t i s t a te  demography. 

The shape o r  p r o f i l e  o f  a schedule o f  age-specif ic r a tes  i s  a feature 

t h a t  may be useful ly examined independently o f  i t s  i n t ens i t y  or  leve l .  

Th is  i s  because there are considerable empirical data s h w i n g  t h a t  

although the l a t t e r  tends t o  vary s i gn i f i can t l y  from place t o  place, the 

former remains remarkably s imi lar .  

The leve l  a t  which occurrences o f  an event or  a f lw  take place i n  a 

r m l t i s t a t e  populat ion system may be represented by the area under the 

curve of the p a r t i c u l a r  schedule o f  rates. I n  f e r t i l i t y  studies, f o r  

example, t h i s  area i s  ca l led  the gross reproduction r a t e  i f  the  ra tes  

re fer  t o  parents and babies of a s ing le  sex. By analogy, therefore, we 

sha l l  r e f e r  t o  areas under a l l  schedules o f  ra tes  as gross t r a n s i t i o n  

ra tes (GTRs), i n se r t i ng  the  appropriate modif ier  when deal ing w i t h  a 
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Figure 1. M u l t i s t a t e  schedules. 

Source: Rogers (1 982). 
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particular event or flow--for example, gross mortality transit ion rate and 

gross accession transit ion rate. The term "transition" i s  introduced 

throughout i n  order to  distinguish th is  aggregate measure of level fran 

the other more common gross rates used i n  demography, such as the 

directional gross (instead of net) ra te  of migration. 

The gross transit ion ra te  measures the intensity of particular events 

w i t h i n  a s ta te  population or of flows between s ta te  populations during a 

given interval of time. The index, therefore, i s  a cross-sectional 

measure and should not be confused w i t h  the - net transit ion rate (such as 

the net reproduction ra te ) ,  which i s  a cohort-related index tha t  measures 

the intensity ~f such events or  flows over a lifetime. Moreover, i n  a 

multistate framework, where return flows such as remarriages play an 

important role, gross and net rates can give widely differing indications 

of interstate movement intensi t ies.  

2.1 Mortality 

Three principal approaches have been advanced for  sumr i z ing  age 

patterns of mortality: functional descriptions i n  the form of 

mathematical expressions w i t h  a few parameters (Benjamin and Pol 1 ard 

1980), numerical tabu1 ations generated fran s ta t is t i ca l  summaries of large 

data se ts  (Coale and Demeny 1966 and 1983), and relational procedures 

associating observed patterns w i t h  those found i n  a standard schedul e 

(Brass 1971). 

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

produced mathematical functions tha t  were successful i n  capturing 

empirical regular i t ies i n  only parts of the age range, and numerical 

tabulations have proven to  be somewhat cumbersome and inflexible for 
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computer-based appl ied analysis. Consequently, t he  re1 a t iona l  methods 

f i r s t  proposed by W i l  l i a m  Brass have become widely adopted. With two 

parameters and a standard l i f e  table, i t  has become poss ib le  t o  describe 

and analyze a l a r g e  v a r i e t y  o f  m r t a l i t y  regimes p a r s i m n i w s l y .  

Recently, Heligman and Po l la rd  (1980) described a mathematical model 

t h a t  appears t o  provide sa t i s fac to ry  representat ions of a wide v a r i e t y  of 

age pat terns  o f  morta l  i t y  across t h e  e n t i r e  age range. The i r  funct ion 

def ines t h e  va r iab le  q(x) ,  t he  p r o b a b i l i t y  o f  dy ing w i t h i n  one year f o r  an 

ind iv idua l  a t  age x. We have f w n d  i t more convenient t o  focus instead on 

d(x) ,  t h e  annual death r a t e  a t  age x, and t o  adopt t h e  s l i g h t l y  modif ied 

Heligman-Pollard formula, suggested by Brooks e t  a l .  (1980) o f  t h e  IMPACT 

Pro jec t ,  t h a t  appears as Equation 1 i n  F igure  2 .  The three terms i n  t h a t  

equation represent in fant  and chi ldhood m o r t a l i t y  ( I ) ,  m o r t a l i t y  due t o  

accidents (A), and a senescent m r t a l i t y  component (S) which r e f l e c t s  

m o r t a l i t y  due t o  aging. Figure 3 e x h i b i t s  those th ree  cmponents and 

t h e i r  sum, drawing on Aus t ra l i an  data f o r  1950. 

Death r a t e s  d i f f e r  markedly no t  only between ages, b u t  a l so  between 

sexes, m a r i t a l  states, and occasional ly  regions. A t  t h e  IHPACT Project ,  

model schedules based on Equation 1 o f  Figure 2 have been successful ly  

f i t t e d  t o  Aus t ra l i an  age-specif ic data f o r  t h e  death r a t e s  o f  persons o f  

each sex and m a r i t a l  s ta tus  (Figure 4 ) .  Not a l l  components o f  t h e  

He1 igman-Pollard curve were used; the  f i r s t  component was omit ted f o r  

marr ied males and females , as we l l  as f o r  divorced and widowed females; 

t h e  f i r s t  and second components were both  omit ted f o r  divorced and widowea 

ma1 es. 



M O R T A L  I TY 

W H E R E  

I Qo for x = 0 

dA(x )  = QA e for x 1 0  

W I D O W H O O D  

f o r  x 2 0  

FERTILITY, MARRIAGE, A N D  D I V O R C E  

Figure 2.  Model Schedules. 
Source: Rogers ( 1  982) 



WHERE 

NOTE: a l  = a1 = 0 FOR MIGRATION OF MARRIED) WIDOWED) - 
AND DIVORCED PERSONS 

AND 

R = c = O  

Figure 2 (continued) Model Schedul es . 
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After f i t t i n g  such model schedules i n  each region of a multiregional 

system, movements over time i n  the i r  parameters could then be analyzed and 

used for projecting future mortality by age, sex, marital status, and 

region. For example, l inear regression equations could be f i t t ed  t o  the 

trajector ies se t  out i n  Figure 4, and short extrapolations of those trends 

could produce the needed projected future regimes of mortality. The 

re1 at  ively large number of parameters, hmever, suggests the desirabi l i  ty 

of extrapolating some function of the parameters instead--for example, the 

two-parameter Brass (1971) 1 ogi t transformation of the mortality schedule. 

2.2 Fer t i l i t y  

Among the relatively large number of di f ferent parametric functions 

that  have been proposed recently for representing schedules of 

age-specific f e r t i l i t y ,  the formula put forward by Coale and Trussell 

(1974) has assumed a certain pre-eminence. T h i s  formula can be viewed as 

the product of two component schedules: a model nuptial i ty schedule and a 

rrodel marital f e r t i l i t y  schedule. The former adopts the 

double-exponential f i rst marriage function of Coale and McNeil (1972): 

where xo i s  the age a t  which a consequential wnber of f i r s t  marriages 

begin t o  occur, and k is the number of years i n  the observea population 

into which one year of marriage i n  the standard population is 

transformed. Integrating, one finds 
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which when multiplied by the proportion who will ever marry represents the 

proportion married a t  each age. 

Coale and Trussell (1974) argue that  marital f e r t i l i t y  ei ther follows 

a pattern tha t  Henry (1961) called natural f e r t i l i t y  or deviates from i t  

i n  a regular manner that increases with age, such tha t  the ra t io  of 

marital f e r t i l i t y  to  natural f e r t i l i t y  can be expressed by 

where M i s  a scaling factor that sets the ra t io  r ( x ) / n ( x )  equal t o  unity 

a t  some fixed age, m indicates the degree of control of marital f e r t i l i t y ,  

and v ( x )  and n ( x )  are fixed values that  are assuwd t o  remain invariant 

across populations and over time. 

Multiplying the two-parameter model schedule of proportions ever 

married a t  each age by the one-parameter &el schedule of marital 

f e r t i l i t y ,  Coale and Trussell (1974) generated an extensive se t  of model 

schedules that  describe empirical f e r t i  1 i ty rates w i t h  surprising 

accuracy. Their representation as 

allows one to  obtain fe r t i l i t y  age prof i les ( bu t  not levels) that  depend 

only on the fixed single-year values of the functions n ( x )  and v(x), and 

on estimates for  xg, k ,  and m. 

I f  the populations to  be projected are already disaggregated by 

marital status, such that the proportions married, never married, and 

previously married a t  each age are known, appropriate model schedules for  
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the age-specif i c  f e r t i l i t y  ra tes  o f  wanen o f  each m a r i t a l  s ta tus  may be 

developed. This a1 l m s  one t o  consider separately mar i ta l  and non-marital 

f e r t i l i t y ,  each o f  which may be inf luenced by d i f f e r e n t  demographic and 

economic factors.  I n  the  i l l u s t r a t i v e  p ro jec t ion  developed l a t e r  i n  t h i s  

paper, a double-exponential func t ion  (se t  out  as Equation 3 i n  Figure 2) 

i s  used t o  descr ibe f e r t i l i t y  ra tes  a t  age x f o r  women o f  each m a r i t a l  

status i n  each region. F igure 5 i l l u s t r a t e s  the  f i t  o f  t h i s  funct ion t o  

t h e  1962-1971 age-spec i f  i c  f e r t  i 1 i t y  ra tes  o f  Denmark analyzed by Hoem e t  

al.  (1981). 

The shape o f  t h e  double-exponential curve i s  defined by t h e  three 

parameters, a, P, and A, and the  l e v e l  o f  the  curve i s  def ined by the  

scal ing parameter a. Although these parameters are not  r e a d i l y  

interpretable,  i t  i s  poss ib le  t o  de r i ve  the'propensi ty,  mean, variance, 

and mode o f  t h e  double-exponential func t ion  i n  terms o f  them (Coale and 

McNeil 1972; Rogers and Castro 1981; and Sams 1981). 

2.3 Migrat ion 

A recent study of age pat terns i n  migrat ion schedules (Rogers and 

Castro 1981) has s h w n  t h a t  such pat terns e x h i b i t  an age p r o f i l e  t h a t  can 

be adequately described by t h e  mathematical expression appearing as 

Equation 4 i n  F igure 2. The four terms i n  the equation represent 

childhood migration, labor  force age migration, ret i rement migration, and 

a constant l e v e l  o f  migra t ion across a l l  ages. 

The shape of the  second term, the labor  force component o f  t h e  curve, 

i s  the  double exponential formula p u t  forward by Coale and McNeil (1972). 

The f i r s t  term, a simple negative exponential curve, describes the  

migrat ion age p r o f i l e  o f  c h i l d r e n  and adolescents. F i n a l l y ,  t h e  

post- labor force component i s  a constant, another doubl e-exponential , o r  



Figure 5. The double exponential model f e r t i l  i t y  schedule: 
Denmark, 1962-71 . 

Source: Hoem e t  a1 . (1 981 ) and Rogers (1 982). 
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an upward sloping positive exponential. The fourth term decribes a 

constant level of migration across a l l  ages. The migration rate,  m ( x ) ,  

therefore, depends on values taken on by anywhere frcm 7 t o  11 

parameters. Figure 6 i l lus t ra tes  the f i t  of the nine parameter model 

schedule t o  intercomnunal migration i n  the Nether1 ands. 

2.4 Marital Status 

Coale and McNeil ' s  (1972) double-exponential model schedule of f i r s t  

marriages was introduced a decade ago. Parametrized schedules of other 

changes i n  marital status, however, seem to have been f i r s t  used only 

recently, i n  a study carried out by the IMPACT Project i n  Australia 

(Powell 1977). Working w i t h  a detailed demographic data bank produced by 

Brown and Hall (1978), Williams (1981) f i t ted  gamma distr ibut ions to  

Australian rates of f i r s t  marriage, divorce, remarriage of divorcees, and 

remarriage of widws, for each year from 1921 to 1976. These mdel 

schedules provided adequate descriptions of Australian marital s tatus 

changes, although some d i f f i cu l t ies  arose with age distr ibutions that 

exhibited steep r ises i n  early ages; i n  particular, the age distr ibutions 

of f i r s t  marriages. This di f f icul ty was overcome by the addition of a 

second time-invariant g a m  distr ibution. 

Functions based on the Coale-McNeil double-exponential distr ibution 

seem better able to  cope w i t h  the problem of steeply r is ing age 

distr ibutions than the gamma distribution. Figure 7 i l lus t ra tes  the 

goodness-of-fit of the doubl e-exponential distr ibution t o  data on 

Australian males i n  1976. Although the parameters of both functions can be 

expressed i n  terms of the propensity, mean age and variance i n  age, the 

double-exponential function requires a further parameter--the mdal 

age--whose movements over time may be more d i f f i cu l t  to model and project. 





F i r s t  marriage Divorce 

0 20 40 60 80 

b e  

Remarriage of divorccd Remarriage of widowed 

F igu re  7. Double e x p o n e n t i a l  model schedu les  of m a r i t a l  
s t a t u s  change (--- model s c h e d u l e ,  - observed 
d a t a )  : . A u s t r a l i a n  males 1 9 7 6 .  

Source: Brown and Hal 1 (1 978) and Rogers (1 982). 



2.5 Other Trans i t ions 

The not ion o f  model schedules may be used t o  describe a wide range o f  

demographic t rans i t i ons .  We have considered mor ta l i t y ,  f e r t i l i t y ,  

migration, marriage, divorce, and remarriage. We could as eas i l y  have 

focused on f lows between d i f ferent  states of, f o r  instance, income, 

education, health, and labor force ac t i v i t y .  

Consider, for  example, t he  f lows between ac t i ve  and inac t i ve  statuses 

i n  studies o f  labor force par t ic ipat ion.  Rates o f  entry i n t o  the labor 

force, ca l led  accession rates,  exh ib i t  an age p r o f i l e  t h a t  can be 

described as the sum o f  three double exponential d i s t r i bu t i ons .  Rates o f  

e x i t  from the labor  force, ca l led  separation rates, may be described by a 

U-shaped curve def ined as 

Figure 8 i l l u s t r a t e s  the  f i t  o f  these two curves t o  accession and 

separation rates,  respect ively,  of Danish males i n  1972-74 (Hoem and Fong 

1976). 

2.6 Inpu t  Data: Swedish F m l e s ,  1974 

To i l l u s t r a t e  the  process o f  car ry ing ou t  a parametrized mu l t i s t a te  

population project ion,  we have brought together data t h a t  describe the 

m r t a l i t y ,  f e r t i l i t y ,  migration, and mar i ta l  s ta tus change patterns o f  the 

Swedish female populat ion i n  1974. Data descr ib ing the  f i r s t  three 

components o f  change were provided by Arne Arvidsson o f  t he  Swedish 

Central Bureau o f  S t a t i s t i c s  for  a study o f  Sweden's migrat ion and 

settlement s t ructure (Andersson and Holmberg 1980). Data on mar i ta l  

s ta tus change f lows were unavailable i n  the  d e t a i l  required and had t o  be 





i n f e r r e d  by borrowing t h e  age p r o f i l e s  observed i n  Norway i n  1977-78 

(Brunborg e t  a l .  1981). Table 1 se ts  out  t h e  r e s u l t i n g  crude r a t e s  of 

events and f lows i n  t h e  two reg ion system o f  Stockholm and t h e  r e s t  o f  

Sweden, and Table 2 presents t h e  parameters t h a t  de f ine  the  corresponding 

model schedules o f  age-specif i c  rates. Figures 9 through 12 il l u s t r a t e  

t h e  f i t s  o f  t h e  d e l  schedules t o  observed data, i n c l u d i n g  a nunber of 

ma1 e schedules f o r  purposes o f  comparison. 

Our experience w i t h  f i t t i n g  t h e  Heligman-Pollard func t ion  t o  Swedish 

data suggests' t h a t  t h e  model schedule i s  over-parametrized. (A s i m i l a r  

observat ion i s  made by Brooks e t  a1 . 1980. ) With so many var iab les  t o  

estimate, very s i m i l a r  d i s t r i b u t i o n s  can be obtained w i t h  s i g n i f i c a n t l y  

d i f f e r e n t  conbinat ions o f  values f o r  the  parameters. The n e t  r e s u l t  o f  

t h i s  i s  t h e  c rea t ion  of r e l a t i v e l y  l a rge  f l u c t u a t i o n s  i n  parameter 

estimates over time, as changes i n  t h e  values o f  one parameter produce 

compensating s h i f t s  i n  those o f  another. To dampen such f l u c t u a t i o n s  we 

f o l l o w  t h e  suggestion o f  Brooks e t  a l .  (1980) and f i x  t h e  values o f  X h  

and a. Th is  es tab l ishes t h e  p o s i t i o n  and shape o f  t h e  accident  component 

b u t  permits i t s  l eve l  QA t o  change from year  t o  year. 

Except f o r  m r t a l i t y ,  t h e  l e v e l  p a r a k t e r s  o f  a l l  model schedules have 

values scaled t o  produce a u n i t  area under t h e  curve (i.e., a gross 

t r a n s i t i o n  r a t e  o f  un i ty ) .  When used f o r  p r o j e c t i o n  purposes, these 

parameters need t o  be mu 1 t i p 1  ied by t h e  appropr iate observed o r  forecasted 

gross t r a n s i t i o n  rates.  

3. HULTISTATE LIFE TABLES 

The s implest  l i f e  tab les  recognize on ly  one c lass  o f  decrement, e.g., 

death, and t h e i r  const ruc t ion i s  normally i n i t i a t e d  by es t imat ing a s e t  o f  
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Figure 9. Model m o r t a l i t y  schedu les  f o r  Swedish d a t a  (--- model schedu le ,  
- observed d a t a ) ,  1974. 

Source: Andersson and Holmberg (1 980) and Rogers (1 982). 
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Figure 10.  Model fertility schedules for Swedish da ta  (---  model 
schedule,  - observed d a t a ) ,  1974. 

Source: Andersson and Hol mberg (1 980) and Rogers (1 982). 
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Figure 11. Model migrat ion schedules for Swedish 
data (--- model schedule, - observed d a t a ) ,  
i 9 7 4 .  

Source: Andersson and Holrnberg ( 1  980) and Rocers (1 982). 
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Figure 12. Model schedules of marital status change: Norwegian 
females ( - - -  model schedule, - observed data), 1977-1978. 

Source: Brunborg e t  a7. (1981 ) and Rogers ( 1  982). 
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a g e - s p e c i f i c  p r o b a b i l i t i e s  o f  l e a v i n g  t h e  p o p u l a t i o n ,  e.g., dy ing,  w i t h i n  

each i n t e r v a l  o f  age f rom observed d a t a  o n  a g e - s p e c i f i c  e x i t  r a t e s .  

E x t e n d i n g  s i m p l e  l i f e  t a b l e s  t o  r e c o g n i z e  s e v e r a l  modes o f  e x i t  f rom 

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

g e n e r a l i z a t i o n  o f  t h e  l i f e  t a b l e  concept  a r i s e s  w i t h  t h e  r e c o g n i t i o n  o f  

e n t r i e s  as w e l l  as  e x i t s .  Such increment -decrement  l i f e  t a b l e s  a l l o w  f o r  

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

between m a r i t a l  s t a t u s e s  and d e a t h  ( s i n g l e ,  mar r ied ,  d i vo rced ,  widowed, 

dead),  o r  between l a b o r  f o r c e  s t a t u s e s  and d e a t h  (employed, unemployed, 

r e t i r e d ,  dead).  

M u l t i p l e  r a d i x  increment-decrement l i f e  t a b l e s  t h a t  r e c o g n i z e  s e v e r a l  

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

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

c a l l e d  m u l t i . r e g i o n a 1  l i f e  t a b l e s .  They r e p r e s e n t  t h e  most genera l  c l a s s  

o f  l i f e  t a b l e s  and were o r i g i n a l l y  deve loped  f o r  t h e  s tudy  of 

i n t e r r e g i o n a l  m i g r a t i o n  between i n t e r a c t i n g  m u l t i p l e  r e g i o n a l  

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

m a t r i x  of  a g e - s p e c i f i c  dea th  and m i g r a t i o n  r a t e s .  

One o f  t h e  most u s e f u l  s t a t i s t i c s  p r o v i d e d  by a  l i f e  t a b l e  i s  t h e  

average e x p e c t a t i o n  o f  1  i f e  beyond age x, c a l c u l a t e d  by a p p l y i n g  

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

and t h e n  o b s e r v i n g  a t  each age t h e i r  average l e n g t h  o f  rema in ing  l i f e  i n  

each s t a t e .  

T a b l e  3 p r e s e n t s  f o u r  s e t s  o f  e x p e c t a t i o n s  o f  l i f e  a t  b i r t h ,  

a s s o c i a t e d  w i t h  ou r  i l l u s t r a t i o n  f o c u s i n g  on  Swedish females i n  1974. The 

f i r s t  i s  f o r  t h e  t o t a l  p o p u l a t i o n ;  t h e  second i s  f o r  a  two- reg ion  

d i s a g g r e g a t i o n  o f  t h i s  t o t a l  i n t o  t h e  p o p u l a t i o n s  o f  Stockholm and t h e  
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r e s t  o f  Sweden; t h e  t h i r d  i s  f o r  a  f o u r - s t a t e  d i s a g g r e g a t i o n  o f  t h e  

Swedish t o t a l  i n t o  t h e  never  mar r ied ,  m a r r i e d ,  widowed, and d i v o r c e d  

c a t e g o r i e s ;  and t h e  f o u r t h  i s  f o r  an e i g h t - s t a t e  d i s a g g r e g a t i o n  t h a t  

combines t h e  two r e g i o n a l  s t a t e s  w i t h  t h e  f o u r  m a r i t a l  s t a t e s .  

Two s e t s  o f  l i f e  expectanc ies  a r e  d i s t i n g u i s h e d  i n  T a b l e  3. Those s e t  

o u t  i n  pa ren theses  were o b t a i n e d  u s i n g  t h e  observed data ;  t h o s e  w i t h o u t  

pa ren theses  were c a l c u l a t e d  on t h e  b a s i s  o f  r a t e s  d e f i n e d  by t h e  model 

schedu les  p r e s e n t e d  i n  T a b l e  2 .  The d i f f e r e n c e s  a r e  i n s i g n i f i c a n t  i n  a l l  

i n s t a n c e s ,  w i t h  no d e v i a t i o n  exceeding s i x  months; 

A c c o r d i n g  t o  T a b l e  3, a  baby g i r l  exposed t o  t h e  1974 Swedish 

m o r t a l i t y  reg ime c o u l d  expec t  t o  l i v e  abou t  78 years.  O f  t h i s  t o t a l ,  she 

c o u l d  e x p e c t  t o  l i v e  approx ima te ly  26 y e a r s  i n  t h e  m a r r i e d  s t a t e  and 8 

y e a r s  as a  d i v o r c e e .  I f  t h e  g i r l  was b o r n  i n  Stockholm, she c o u l d  expec t  

t o  l i v e  j u s t  o v e r  a  h a l f  o f  h e r  t o t a l  l i f e ,  and a lmos t  t w o - t h i r d s  o f  h e r  

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

4.  MULTISTATE PROJECTION WITH CONSTANT COEFFICIENTS 

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  p r o j e c t i o n  model of  

m a t h e m a t i c a l  demography t y p i c a l  l y  i n v o l v e  t h r e e  b a s i c  s teps.  The f i r s t  

a s c e r t a i n s  t h e  s t a r t i n g  age-by-s ta te  d i s t r i b u t i o n  and t h e  age-s ta te -  

s p e c i f i c  schedules  o f  f e r t i l i t y ,  m o r t a l i t y ,  and i n t e r s t a t e  f l o w s  t o  wh ich  

t h e  m u l t i s t a t e  p o p u l a t i o n  has been s u b j e c t  d u r i n g  a  p a s t  pe r iod ;  t h e  

second adop ts  a  s e t  of assumptions r e g a r d i n g  t h e  f u t u r e  b e h a v i o r  o f  such 

schedules ;  and t h e  t h i r d  d e r i v e s  t h e  consequences o f  a p p l y i n g  these  

schedu les  t o  t h e  i n i t i a l  p o p u l a t i o n .  
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A multistate population project ion calculates the state- and 

age-specific survivors of a population of a given sex and adds to this 

total the n w  births that survive to the end of the unit time interval. 

Given appropriate data, survivorship proportions can be obtained as part 

of the calculations carried out in developing a multistate life table or 

from the observed data, and they then can be applied to the initial 

population. For example, it is possible to simultaneously determine the 

projected ma1 e or femal e popul at ion and its agelmari tal statuslregional 

distribution from the observed agelmarital statuslregion-specific flows of 

marital status changes, regional migrant inflows and outfl cws, deaths, and 

fertility. The projected population so derived should 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 projected male or female population by age, marital status, 

and region of residence. 

The asymptotic properties of mult istate population projections have 

been extensively studied in mathematical demography. This body of theory 

draws on the properties of matrices with non-negative elmnts and 

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

characteristic root and an associated positive characteristic vector to 

which the population converges as it approaches its stable distribution. 

As with most population projection models in the demographic 

literature, the multistate projection model deals only with a single sex 

at a time. Hcwever, the separate projection of the evolution of the male 

and female populations generally leads to inconsistencies, such as the 
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nuher  of married males not coinciding w i t h  the nuher  of married females 

for a given year, the to ta l  nuher  of new widows during a year not 

coinciding w i t h  the total nuher  of deaths among married men tha t  year, 

and so on. Thus i t  i s  somewhat unreal ist ic t o  project the transi t ions 

among individuals of one sex without taking into account parallel 

t ransi t ions among individuals of the other sex. Methods for coping w i t h  

th is  inconsistency and incorporating i t  into a mult istate projection 

process are not yet well developed, but they are discussed, for example, 

by Sanderson (1981). Such methods are not considered i n  t h i s  paper. 

Tables 4 and 5 present four se ts  of i l l us t ra t i ve  projections of the 

1974 Swedish female population corresponding t o  the four se ts  of 

mult istate l i f e  expectancies l isted ear l ie r  i n  Tab1 e 3. A1 1 projections 

were carried out w i t h  unchanging age-specific rates. Once again, the 

m b e r s  i n  parentheses refer  t o  resul ts  obtained w i t h  observed data and 

those without parentheses refer  to  f igures derived by means of 

mdel-schedule based computations. And once again the differences between 

the two are re1 atively minor. 

The projections s e t  out i n  Tables 4 and 5 shw Sweden's female 

population t o  be relat ively stationary over the next 30 years w i t h  the 

one- and two-state projections showing a very s l igh t  increase and the 

four- and eight-state resu l ts  indicating a very small decrease. The 

annual ra te  of growth i n  the year 2004 i s  negative i n  a1 1 instances, 

however. 
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5. MULTISTATE PROJECTION WITH VARIABLE COEFFICIENTS 

The p o p u l a t i o n  p r o j e c t i o n s  summarized i n  Tab les  4 and 5 i n d i c a t e  t h a t  

pa ramet r i zed  p r o j e c t i o n s  p r o v i d e  a  reasonab ly  a c c u r a t e  a l t e r n a t i v e  t o  ones 

c a r r i e d  o u t  w i t h  observed r a t e s .  The p r i n c i p a l  advantage o f  such 

model -schedule-based p r o j e c t i o n s ,  however, 1  i e s  n o t  i n  t h e i r  a b i l  i t y  t o  

r e p l i c a t e  t h e  r e s u l t s  o f  data-based cons tan t  c o e f f i c i e n t  (CC) p r o j e c t i o n s  

b u t  r a t h e r  i n  t h e  t ransparency  and f l e x i b i l i t y  t h a t  t h e y  b r i n g  t o  v a r i a b l e  

c o e f f i c i e n t  (VC) p r o j e c t i o n s .  

I t  i s  w i d e l y  recogn ized  t h a t  t h e  a g e - s p e c i f i c  r a t e s  o f  a  demographic 

even t  (e.g. dea th )  o r  f l o w  (e.g. m i g r a t i o n )  a r e  i n t e r d e p e n d e n t  and vary  

d i f f e r e n t i a l l y  w i t h  changes i n  1  eve ls .  Thus t o  p r o j e c t  them i n d i v i d u a l  l y ,  

age by age, o r  t o  assume t h a t  t h e y  w i l l  change u n i f o r m l y  a t  a l l  ages, i s  

t o  i n v i t e  p o t e n t i a l l y  unreasonable  r e s u l t s .  An i m p o r t a n t  f e a t u r e  o f  

pa ramet r i zed  p r o j e c t i o n  p rocedures  i s  t h e  ease w i t h  wh ich  t h e y  p e r m i t  t h e  

i n t r o d u c t i o n  o f   change.^ i n  age p r o f i l e s  t h a t  a r e  a s s o c i a t e d  w i t h  changes 

i n  l e v e l s .  

The r e l a t i o n a l  approach proposed by Brass (1971) i s  a  conven ien t  

method f o r  a l t e r i n g  b o t h  t h e  l e v e l  and t h e  age p r o f i l e  o f  each 

paramet r i zed  model schedule  used i n  t h e  p r o j e c t i o n  process.  Two 

parameters a r e  a s s o c i a t e d  w i t h  every  schedule, and e x t r a p o l a t i n g  t h e i r  

va lues  i n t o  t h e  f u t u r e  produces t h e  needed p r o j e c t e d  v a l u e s  o f  v a r i o u s  

a g e - s p e c i f i c  components o f  change. 
k 

An a l t e r n a t i v e  t o  B r a s s ' s  method i s  t h e  r e g r e s s i o n  approach, used by 

Coale and Demeny (1966 and 1983) and o t h e r s ,  which embodies a  

c o r r e l a t i o n a l  p e r s p e c t i v e  t h a t  a s s o c i a t e s  r a t e s  a t  d i f f e r e n t  ages t o  an 

index o f  l e v e l .  We adopt t h i s  approach and use t h e  d a t a  on Swedish 

females t o  i l l u s t r a t e  t h e  t ransparency  and f l e x i b i l i t y  o f  pa ramet r i zed  

p r o j e c t i o n  methods. 



Perhaps the simp1 est and most straightforward way of projecting the 

values t o  be assumed by a model schedule's parameters i s  to askociate such 

values with the schedule's 1 eve1 as measured by i t s  gross transit ion 

rate. Forecasts of 1 evels, then, lead t o  corresponding forecasts of 

profiles. To imp1 enent th is  procedure, regression equations were 

developed t h a t  set  each model schedule parameter as a deperdent variable 

with the appropriate gross transit ion rate as the independent variable. 

Ideally a l l  parameters should have been estimated simultanewsly with a 

system of equations. Hcwever, for the purposes of our i l lustrat ion, i t  

was f e l t  that  single-equation ordinary least  squares estimates were 

adequate. 

5.1 Estimation of the Parameters 

In the Swedish i l lust rat ive V C  projection, the age profiles of the 

mortal i t y  , widcwhood, and remarriage model schedul es were held constant; 

each of the four f e r t i l i t y  model schedule p a r m t e r s  was regressed on the 

gross reproduction rate,  of the seven migration model schedule parameters 

on the gross migraproduction rate (the r e t i r a n t  peak was treated 

exogenously and held f ixed), of the four first-marriage model schedule 

p a r m t e r s  on the gross f i rst inarr iage transit ion rate, and of the four 

divorce model schedule parameters on t h e  gross divorce transit ion rate. 

Fifty-three regional model fe r t i l i t y  schedul es fran seven countries, 

330 model migration schedules from eight countries, and a time series of 

30 model f i rst inarr iage and 12 model divorce schedules from Australia 

constituted the data bank used t o  estimate the various regression 

equations. All intercept terms were rescaled t o  produce exact f i t s  t o  

in i t ia l  conditions, i.e. such t h a t  when 1974 gross transit ion rates were 

entered i n t o  the regression equations, 1974 model schedule parameters were 

obtained. 
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An example of the unrescaled estimated regression resu l ts  i s  provided 

by the four f e r t i l i t y  equations: 

a = 0.063 + 0.028(GRR) ( r  = 0.921) 

P = 28.39 + 4.21(GRR) ( r  = 0.899) 

a = 0.244 + 0.027(GRR) ( r  = 0.519) 

X = 0.137 - 0.022(GRR) ( r  = -0.924) 

W i t h  the exception of X , a l l  parameters increase with increases in 

f e r t i l i t y  level. The "height" parameter a r i ses ,  the "position" 

parameter P sh i f t s  t o  the r ight  on the age axis, and the "descent" 

parameter a becomes larger, making the double exponential curve steeper 

a t  ages past the mode. 

5.2 Assumptions About Levels 

To develop tne i l l us t ra t i ve  projection, i t  was assumed tna t  the gross 

reproduction ra te  would increase l inearly from 0.82 to  0.90 in the 

Stockholm region by 1984 and from 0.93 to  unity in the res t  of Sweden. 

Moreover, i t  was assumed that  t h i s  r i s e  in f e r t i l i t y  would be to ta l ly  due 

t o  increases i n  nonmarital f e r t i l i t y ,  which would converge t o  equal 

leve ls  in both regions. Post-1984 f e r t i l i t y  leve ls  were assumed to  remain 

fixed. 

Migration out of the Stockholm region was assumed t o  increase sl ight ly 

from 1974 to  1984, grwing l inearly from an i n i t i a l  gross migraproduction 

ra te  (GMR) of 1.43 to  1.50. The migration level i n  the reverse direction 

was held constant a t  a GHR of 0.29. Di f ferent ia ls i n  t h i s  ra te  among 

marital statuses were assumed to  diminish, such that  by 1984 the same ra te  

would be exhibited by married, widwed, and divorced females. The GMRs of 

the nevermarried population, hwever, were se t  a t  higher levels over the 

decade. All levels beyond 1984 were assumed t o  remain fixed. 
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The level of f irst-marriage was assumed t o  continue i t s  pattern of 

decrease, w i t h  an expected 10 percent f a l l  i n  the gross t rans i t ion rate.  

Divorce, on the other hand, was assumed t o  exhibit a 20 percent increase 

i n  i t s  gross t rans i t ion rate. Whereas changes i n  f i r s t  marriage rates 

were introduced i n  both regions, changes i n  divorce rates were permitted 

only in the non-Stockholm ( res t  of Sweden) region. Once again a l l  changes 

were assumed t o  occur in a l inear  pattern over the decade 1974 to  1984 and 

were he1 d fixed thereafter. 

Table 6 se ts  out the in i t ia l  (1974) and f ina l  (1984 orwards) gross 

transi t ion rates tha t  produced the i l  lustrat ive projection. Figure 13 

shows graphically the changes in age prof i les produced by the assumed 

changes in levels. 

5.3 Results 

Figures 14  and 15 s u m r i z e  some of the aggregate resul ts  produced by 

the 50-year il l us t ra t  ive projections. The constant coeff icient (CC) and 

variable coeff icient (VC)  project ions are contrasted in Figure 1 4 ,  for  a l l  

four levels of disaggregation. Figure 15 focuses on the expected elderly 

populations in  the &s ta te  CC and VC projections. 

Figure 14 vividly demonstrates the extent to  which aggregation bias 

can a l t e r  projection totals.  Over a period of 50 years an over-projection 

of some 280,000 people i s  introduced by aggregatirlg the 8-state model into 

a 1-state one in  the CC projection, growing to  360,000 in the case of the 

VC projection. 'The major impact i s  apparently produced by the aggregation 

over the four marital states.  

All projections show a gradual increase i n  Sweden's future population, 

peaking to  a maxirnu~n e i ther  i n  1984 or a decade la te r ,  and i n  a l l  but one 

instance ( the sing1 e-region VC projection) declining imnediately 
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F igu re  13.  I n i t i a l  and f i n a l  model schedules:  Swedish females ,  1974 and 
p r o j e c t e d .  
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t h e r e a f t e r .  The l owes t  t o t a l  popu la t i ons  i n  t h e  year  2024 a re  p r o j e c t e d  

by t h e  CC models and t h e  h i g h e s t  by t h e  co r respond ing  VC models. Fo r  

example, t h e  e i g h t - s t a t e  CC p r o j e c t i o n  g i v e s  a  t o t a l  p o p u l a t i o n  o f  3 . 7 6  

m i l l i o n  i n d i v i d u a l s ;  t h e  co r respond ing  V C  p r o j e c t i o n  inc reases  t h i s  sum by 

a  hundred thousand. 

F i g u r e  15 i n d i c a t e s  t h a t  a l t hough  on l y  modest inc reases  a r e  t o  be 

expected i n  t h e  e l d e r l y  p o p u l a t i o n  over  t h e  n e x t  decades, t h e  p o p u l a t i o n  

of t h e  nonmarr ied e l d e r l y  should  inc rease  d r a m a t i c a l l y .  The CC and t h e  V C  

p r o j e c t i o n s  show a  g row th  o f  between 40 t o  50 pe rcen t  i n  t h i s  subgroup 

over  t h e  50-year p r o j e c t i o n  pe r i od .  

6. CONCLUSION 

The research  summarized i n  t h i s  paper demonstrates t h a t  i t  i s  p o s s i b l e  

t o  c a r r y  o u t  m u l t i s t a t e  p o p u l a t i o n  p r o j e c t i o n s  o f  cons ide rab le  g e n e r a l i t y  

and 1  eve ls  of d i s a g g r e g a t i o n  us i ng  a  paramet r i zed  model i ng approach t h a t  

emphasizes model s e l e c t i o n  i n  p l a c e  of demographic account ing.  The 

replacement o f  observed schedules by model schedules b r i n g s  b o t h  economy 

and t ransparency.  I n  t h e  e i g h t - s t a t e  model, f o r  example, 44 observed 

schedules c o n t a i n i n g  over  2,000 age -spec i f i c  r a t e s  were rep laced  by t h e  

same number o f  schedules d e f i n e d  i n  terms o f  a  t o t a l  o f  227 parameters. 

T h i s  more compact r e p r e s e n t a t i o n  o f  t h e  i n p u t  d a t a  i d e n t i f i e s  t h e  broad 

p a t t e r n s  e x h i b i t e d  by t h e  demographic coa~ponents o f  g rowth  and change, 

thereby making more t r a n s p a r e n t  t h e  ways i n  which model schedule  l e v e l s  

and age p r o f i l e s  i n f l u e n c e  p o p u l a t i o n  s tocks  and f lows .  

. Al though t h e  model schedule  parameters a r e  n o t  always demographica l ly  

i n t e r p r e t a b l e ,  f u t u r e  r esea rch  i s  1  i k e l y  t o  1  i n k  them t o  v a r i a b l e s  t h a t  

are. Moreover t h e  parameters can be r e a d i l y  e x t r a p o l a t e d  i n t o  t h e  f u t u r e  

t o  produce reasonab le  age p a t t e r n s  o f  r a t es ,  and t h e i r  adop t i on  a l s o  
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permits the  in t roduc t ion  o f  changes i n  schedules o f  age-specif i c  ra tes  

t h a t  a l t e rna t i ve  methods do not  (e.g., increased mor ta l i t y  due t o  a r i s e  

i n  the r e l a t i v e  number o f  deaths a t t r i bu tab le  t o  accidents). 

F i na l l y ,  i t seems l i k e l y  t h a t  econometric explanatory models, w i t h  

parameters instead o f  r a tes  as dependent variables, w i l l  produce r e s u l t s  

t h a t  are a t  l e a s t  as e f fec t ive as cur rent  models t h a t  focus on observed 

f lows o r  rates. 
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