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_ALICE NAKAMURA AND MASAO NAKAMURA

ON ESTIMATING THE STAGES OF THE
FAMILY LIFE CYCLE
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" INTRODUCTION |

“Tue concept:of ‘the family life cycle plays'dn important role
sin_planning and., particularly ; in - market segmentation.” '3 4" 5
“This -atticle considers analytical and simulation methods to
-describle the family life cycle. . For planning problems where
age and sex are_sufficient to define the stages of the family
Tife cycle, analytical models are found adequate ;° for problems
-where _ additional -demographic ~ variables are  required -in
“addition to age and'sex to define the stages of the family life
-cycle, microanalytic simulation® -is found :particularly suitable.
“The latter problems include demand projections for houses and
-dairy products as well as for social services such as public

:schools and day care.
o R T GALYTICAL METHODS

‘Suppose the family life cycle *consists of the following
stages . 1 (1), Individuals (both male and ‘female), 0—17 years
of age ; I (2), Males 18—34 years of age ; I (3),\F;méles 18—34
years of age ; I (4), Males 35—64 years of age ; I (5), Females
35— 64 years of age and I (6) Individuals (both male and

- f emale), over 65 years of age. In order to predict these stages
* let us define the following variables : X (f)=number of males in
age group j in period ¢, ¥ (f)=number of females in age group




T AT e

596 Models in Urban Geography On Estimating the Stages of the Family Life Cycle 59T
j in period ¢, where age groups j=1, 2, «-- J correspond to the- g ®) ‘ B v
unit period of time (say, a year), 1=0, 1,2, -, T and where J~ ] -

is the total number of age groups and T is the planning horizon. o
Assuming that there is no migration into and out of the 1
community of our interest, X; (1) and Y (r) satisfy, for t=0, 1,
2, ..., T—1, Covrn - o

CETINT T IO B
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where b; () “and b; (1) are probabilities that a male baby and @
female baby are born, ;es;peéti?ély," to'a female in age "group’ J’
in period ¢ and that the baby:gu_rvivgs‘ itd,th_g'beginﬁing‘» of period
¢+1, and similarly d; (¢) and ds (1) are probabilities that, a male.
‘and a female in age group j.id;i,e,;_“_rgspgct:iygly,l 1;npemodt
‘Historically male babies out-number female babies by.93% 10 -

47% in North America and we can assume that ... .

: : N i
0 0w 1—ds A1) Oun sl

and where the prime denofes the transpose. of a vector or a

matrix. Given b; (1), di (1), :i, (1), v and Z ), we can.
estimate the sizes of the stages 1 (1)—I (6) of the family life:

() b )= P

where v is an estimated constant and assumed td';be‘ 1.13 in"bur cycle by (6) for t=1, 2, .., T. Furthermore, the stable:
case. Then equations (1) (4) are summarized in matrix form ‘ distribution of these stages as ¢ 806 1O infinity can be~ calculat=-
as follows : - : ed if birth and death rates do not dependon. time::* (See:

it nf Appendix-A for the derivation of the stable distribution.) “Such.
v stable distribution of the family  life ~cycle - could ‘be ;useful: in
certain . lbpg-}ange’_ﬁl‘a,ilfﬁiﬁg problems. It is also possible. to-
consider “ optimization “probleins relating “to the ‘family stage:
distribution and such parameters ‘as birth and death rates.® .
If we have certain socio-economic variables Y ~which indi-

viduals in cach stage of the family life ‘eycle are classified into a
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finite number of states,  and “4f7 the “individual - is-7assumed. to-
change his or hér Vstate * from oné ‘time " period  to - the-next.
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_according to some probabilistic law, say, a Markov process,
then we can incorporate it within our framework in the follow-
“ing manner. Suppose an individual in Stage I M), M=1,2,
3, 4, 5, 6, changes his socio-economic stage from k in period ¢
-to 1 in period #4-1 with probability pil,u), where &, 1=1, 2,
veey Su, and =0, 1, 2, ..., T—1, and suppose that we can
.estimate transition probabilities’ p}cllu ) from data.? |

The new stages of the family life cycle of our interest are :
I (1L), Individuals (both male and female), 0 —17 years of age,
_and in state L, where L=1,2, ..., §y. Il (2L), Males 18—34
“years of age, and in state L, “where Le=1, 2, -, S 1I 3L),
Females 18—34 years of age, and in state L, where L=1,
2,..,8. I(4L), Males 35— 64 years of age, and in state L,

-where L=1, 2, ..., S¢. I (SL), Females 35—64 years of age,

.and in stage L, where L=1, 2, ..., Ss. 11 (6L), Individuals (both
male and female), over 65 yéars of age, andin stage 1L, ‘where
L=1,2, ..., Se . ‘

A Let,'q(LM) () be the probability that .an. iqdividual is in
Stage 11 (ML) in period f, wheré (=0, 1,2, «, T3 M=1,2, ...,

«6,and L=1, 2, ..., Su. Then ' _ :

. N 1

SM S .
©) ¢ (+1)= ’zl MO M L=1,2, ... 5x
- where the initial distributions ¢{™ (0) (>0) such that "

. Su T e . " E
(10) 2 g™ (0)=1 L TTTM=1,2, 0,60
R ) : . LhooL e . .

.are assumed given. e

" Let Ziqs (1), X (1), Yrem (), Xuo (1), Y1ee0 (8) and Zye ()
“be the expected sizes of the family life cycle stages /(1)—1(6),
respectively, derived by (1)—(5) for.t=1,2, ..., T. Then the

-sizes ofrthe family life cycle _stages.dI (1L)=1{ (6L) are, respec-

“tively,” given by Zxay (1) g @), X1 G(Z)(l),Yl(aa ® q‘f)(t),
Xaa ) 9 O, Yiw ) 4§ (Y and Zug @4 (), where L

~varies over appropriate states.: }"'I“hze.;éta,blfé_, . dlstnbu f tvhgf'b
-stages II (1L)—II (6L) can also be derived under certain assum-"

{
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"ptions and are given in Appendix-B. “There are some optimi--
zation problems related to the models of this type.®

The key assumptions with respect to the models of this type
are (1) that the states defined for each of stages 11 (1L)—1I(6L)-

"depend on only age and sex as far as individuals’ demographic-

characteristics are concerned ; (2) that individuals within the
same family life cycle stage change their states from one time-
period to the next according to the same set of Markov transi-
tion probabilities which must be estimated from data and (3) no
in-and-out migration is assumed. The last assumption could be:

‘remedied if additional terms corresponding to in-and-out mi-

gration were placed on the right-hand side of (6) (or equivalent~

1y (1)—'(4)’) and if we could assume that the migrating indivi--

duals are representative in their respective populations. Given:

“appropriate data it is straight forward to relax the second.

(Markov) assumption above to include higher-order Markov
‘processes or to introduce heterogeneity among the population.
in the same family life cyglé";‘stage' or both within the present

_analytical framework. It is however, not possible to relax the-

first assumption above to include such demographic variables as
the number and_ages of childern, the age of spouse and the:
length of marriage in the present framework as will be seen in:

" the next section.

FAMILY SIZE DlSTRlBUTIONS AND‘ ANALYTICAL METHODS

‘Since many decisions for purchasing public and private goods:
"and services are made by individual households, it is useful to-
‘consider the - stages bf the family life cycle of the following
type® : 111 (1), Single individuals, 20—29 years of age. /I ),.

MHtried couples, wife 15—34 years of age, no children. 117 (3),

“Married couples, wife 15—34 years of age, one or more children
‘under 15 years of age. I/l (4), Married couples, wife 15—64
“years of age, one or more children under 6 years of age. 11 (5),
‘Married couples, wife 15—64 years of age; no" children under 6
.years of age, one or more children between 6 and 15 years of’
‘age. 111 (6), Married couples, wife 35—64-years of age, one
_child under 15 years -of “age. - I/I (7), Married ;couples, :  wife
:35-64 years of age, no. children under 15 years- of age.. 111 (8),

Single or widowed individuals, over 65 years of age.
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In order to reconstruct historical sizes and predict future
-sizes of these stages of the family life cycle from existing data,
we have to take into account such demographic- events as
marriage, birth, death and divorce. The. econometric methods
‘including  simultaneous equations approach to estimate
demographic and other socio-economic variables have not been
successful.?,'® This is primarily due to.the fact that birth,
marriage and divorce rates are very dlﬂicult to descnbe as stable
functions of demographic and socio-economic varlables (In
fact, Parlett!! proves, under general conditions, that the marriage
- rate cannot be described as a function of sex ‘and age distri-
“butions of a population only, which mdlcates that a stable
- relationship is not likely to be found by regressxon between the
marriage rate and available demographlc variables.) It does,
therefore, not appear promlsmg to find useful functional rela-
“tionships between the sizes of the stages IIT (1) -1 (8) and
- available demographic and other variables by regressxon and
“then use them for estimation and prediction. (Note also that
- we usually do not have historical series for sizes of the stages.)
Since probabilities for certain demogtaphlc events are avail-
-able, it might be possible to build a descrlptlve model such
. as the one consisting of (1)—(6) to predict IIT (1)—IH (8).
1t is straightforward to see that we need to define at least
“the following state variables : X j’ p, cl, c2,...., ¢p (f) and
), p, cl, c2,....cp (t) are the numbers of smgle, widowed and
.divorced men and women .in age group J, respec’uve]y, with p
.children whose ages are cl, c2,..., ¢pif p>0.in period ¢ ;
XYjt,j2, 4, p,cl, €2,..., P (f) is the number of marned couples
“in period ¢ where husband and wife are in age groups jland j2,
tespectively, having married for ¢ pcrlods of time, and with p
~children whose ages are cl, ¢2,. cp if p>0 in period 7.
For all X, Y, and XY vanables we assume that ail children are
_alive if p>0 although it is p0531b1e to take into account dead

~children. Let b; and b; be probabilities that a male baby and
a female baby are born to a married woman with p!  children

(p>0) in age group j in a unit period of time where bj;=v by
-as in (5) for some constant v. 'We ignore births to non-married

women for s1mp1101ty Let djm and d;... be the probabxhtxes that

SL

a male and female in age group _] and marxtal status m m=1

CONTR!BUTOR CRPY-
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-single, divorced or widowed, and m=2 married) die in a unit
period of time, respectively. Let us denote by Wi, 3, the JOlnt
probability that a single, divorced or widowed man in age
~group j1 and a single, divorced or widowed woman in age

- group j2 get married in a unit period of time. Finally, let dv,
be the probability that a couple which has been married for g
- periods of time gets divorced in a penod of time. Wife is
. assumed to take over children in case of divorce.

Given that we have estimated probabilities for v, bsp, dim’

Ay, Wi, so, and dve, if we -could describe the state variables

X j,poelc2,..,cp (+1),.Yi, p,cl, €2, ...y cp (¢+1) and
XY j1,j2, 4, p,¢l,c2, ....cp ¢+1) in terms of their values in

~period ‘T and v, bss, dim, “dim, Wi, 42, and dvq as a recursive

system of linear (and possibly nonlinear) equations, we would
“be able to estimate the life cycle stages II7 (1)—III (8). This
task, though not impossible, does not appear feasible. This
-seems to ‘suggest that we need to devise a different method to
~denve the' state variables X, Y, and XY over time given

) v bﬁ" dlm’ dlm, Wih ’2' and dvﬂ

A SIMULATION METHOD TO DERIVE FAMILY SIZE DISTRIBUTIONS
AND A NUMERICAL EXAMPLE

“1In order to derive family size distributions of a population we
“use microanalytic simulation which is discussed in detail else-
-where.! In this method of ‘simulation a population consisting
-of individuals is-simulated over time probabilistically. The
size of the population to be simulated is scaled down -to, say,
-one-500th of  the  real one. Associated with each individual in
~the simulation population is the following record of :characteri-
stics : 'sex*,” date” of ‘birth*, marital status.(single, . married,
- divorced, widowed),’ parity**,  number of living children**,
number of marriages, date of current marital. status,: date of
“birth ‘of 'spouse; date-of -last live birth**, ‘and number of
even{s,%?Whem chardcteristiés with an asterisk are not subject to
- change once “assigned - a wvalue :and. characteristics with two
~asterisks  are -otily <valid for -females. - Parity .. represents the
~number of children ever born fo a female -and may - be..larger
~than thé nuniber of living children of the female: Associated
~with ‘each" child (both" living -and - dead) sis‘:a>:. child : trailer
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which consists of the following characteristics : date of birth.
of the child, ‘date of death of the child, if applicable,

and sex of the child. The child trailer exists only if"
parity >0. While a population is moved forward over-

time during a simulation run, an individual‘ is “subject to-
risks of the following events : birth, divorce, death, marriage,

widowhood and death of child. Associated with each event that .

actually happens to ‘an individual is an event trailer which
consists of type of the event, date of occurrence of the event, .
marital status of the individual Jjust prior to the event, and .
additional information about the event as follows :..interval
since previous birth (for birth), length of marriage in months .
(for divorce), age at death in month (for death), interval , since
last change in marital status (for marriage) and interval since-
‘marriage (for widowhood). We can use a. maéhineireadable
«census file which consists of records of individuals randomly -
chosen from population of our interest for the -initial  year -
(usually the census year and ¢#=0). If, sucha file does -not .
‘exist, it can be created by a_program'? . using published .
aggregete data on age and sex-marital distributions of the -
population. . o
We move forward the population from year f to year t+1
by subjecting each individual to the risks of possible events..
‘which can take place with’ specified probabilities which are
functions of the individual’s characteristics at year ¢." This is .
then repeated for as many years as desired. At the end of each
simulated’ year we collect information regarding family life -
‘cycle stages from the simulated population and print it out..

- It is seen that this method of simulation provides the values .
for the state variables X, , Yand XY over time given the same -
set of data and can be viewed as an approximate method to the -
analytical method discussed in the previous section. .-

We applied this simulation model to’ Gerive the stages of the
family life cycle 117 (1)=117 (8) for the population of "Alberta,

a province of. Canada, for 1961-1971. The: probabilities . of -

birth, death, marriage and divorce required for simulation as
‘well as the initial population used (which is equal to: one-500th
of the real population created in canformity?with published .
cross-tabulations - for Alberta .based - on - the 1196} Canadian .
"census). are identical to the ones reported - previously.l,. Over a_

——
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historical time period our microsimulation model can be used
in either a tracking or non-tracking mode. Simulation without
tracking over a historical period provides evidence concerning
the ability of the model to generaté unconditional forecasts.
over some future period. Simulation with tracking allows us to
incorporate into our simulation all available historical informa-
tion about the numbers of births, deaths, and marriages which
actually occurréd in Alberta .in each year. This-allows us to,
generate historical time series which, in general, will  be closer
to the actual time paths of the population of Alberta with
usually a substantial reduction in variance of the: generated
series. ©. v .o 0 ; .

& Eivehindependexit runs were performed with tracking for the’
historical period 1961-1971. The simulation results for the 8
stages of the family life cycle III (1)—III (8) are shown in
Table 25.1. We are presently planning to explain, together with |
other explanatory variables, historical demands for-housing and
day care ; derived relationships between such demands and
explanatory variables could be used to forecast future demands.
‘We also note that yearly estimates and census figures are only
available from Statistics Canada for stages I77 (1) .and 1II (8)
(but -not for III (2)—II (7)) of the family life cycle defined
in this manner. -

In closing several points should be noted. * First, . it would
be a trivial matter to change the cross-classification part of our '
program so as to produce forecasts for . some other :definition
of the family life cycle. It is also straightforward to ‘add
certain socio-economic characteristics required in certain
marketing problems. -Secondly, impr/?v,ed probability estimates
for forecasting annual births, deaths, marriages, or divorces can
easily te incorporated into our simulation systenlﬁ. Information
on net migration when available, can also be iused;' to appro-
priately adjust.the simulation population. This may . be parti~
cularly important in preparing regional foreca:sts.‘ Finally, il;:
addition“to providing forecasts over future time; periods, and
otherwise unavailable historical time series to be used for re-
search purposes, a forecasting model of the sort we have Ppresent-;
ed allows vital statistics_ data’ available ‘with ‘a relatively short .
time lag to be used to gencrate preliminary population estimates
prior to the release of census publications ! and official
population forecasts.
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(In Canada, for instance, these official estimates and the census.
data are usually made available several years after the data on

which they are based was collected.)

CONCLUSIONS

We have shown that while they are useful for estimating the

family life cycle stages deﬁned only in terms of age and sex,
analytical models become too complex to handle once family
sizes enter to define the family life cycle stages. In this paper
microanalytic simulation is used to estimate such family life
cycle stages and numerical results are also giveén. Simulation

approach to estimate the sizes of family life cycle stages appears.
promising since it can be easily adapted to a variety of defini~

tions of the family life cycle stages.

[Py

APPENDIX A4

DERIVATION FOR A STABLE AGE;SEX
DISTRIBUTION

. J .
Let us denote by Zs= lim (xi(2)/ z x¢ (1)) and Zspy= lim’
& X . >

je ]
; .
L 6710)) z y: (1)) the ‘stable age distributions of men and
im] . :

‘women in age group j(j=1, 2, ..., J), respectively. We let
Z;=Z.m in the following. Assuming that birth and death
Tates do not depend on time, the Z; satisfy“ : o

A Zy=by Z{+by Zyt...tbss Z)_y+bs Z

AZy=(1—d) Z] . A

(AD A Z=(1—d) z,
% ' - : ‘
A ZJ=(1 _dJ—l) ZJ-I
J

where z Z;=1,Z;20 (j=1,2, ..., J), and A>0. The A has
. Je=1 -

| N
the following interpretation : A— lim ( z 1, t+1)/ z ys (1)),

that is, A represents the rate of population growth of females.
. "Once (A1) is solved 1or Z and ‘A, then the Z; are seen to be
given by solving '
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AZl=v (blZI-I-szg-l-... +bJ Z])

(A2) AZ,=(1—4d) Z,

AZJ = (1 dJ—l) ZJ-

‘It can be shown that both (A1) and (A2) have unique solu-~
tions and hence these can be solved by any numerical method

to solve non-linear equations'® given values for b, v, d; and d;..
The fact that both male and female .populations :have the
same populatxon growth 1ate is proved as follows.

Let A= lim (z EACA §x, ). -

Then

M= tim ( S 2 2 ) tim S @3 5 0+

- ©

Jje=1 j=1 1-1 1-1
. . {

= lim (2 7 (t+1)/z » e+ 1)) hm (2 G /2 % (O)=1
T i=l
proving 7\ =A,

Rearranging equatlons in (Al) and (A2) we get
41 Z_]’
and
(A A—1=(b—2) Ze+(by—&) Zot mant by —ds-) Zoy
+(bs—1) Zs

which explam how each age group m each sex. contnbutes to
the popuiatlon growth rdte : .

APPENDIX B

DERIVATION FOR A STABLE AGE-SEX-MARKOV-
STATE DISTRIBUTION

Suppose the ﬁmte Markov chain with transmon probabl-
lities pkl M) k, /=1, 2,...,Sn is irreducible and aperiodic for

M=1, 2, ..., 6. Then stationary probabilities nﬁ’m, =1, 2,
<.y Su, are .give‘n by“ ‘ R

: SM :
: ,;(M)_.z (M) p(M>1=1 2, v, Su
k=1 L : .

1

z “§M)=
=1

Let us denote by Zip, Xra, Yus» Xua, ¥im and Zig the
appropriate stable distributions derived from Appendix-A
corresponding to Zig (1), Xua (1), Yua (O, Xuo (1), yisn (£)
and Zig (f). Then the stable distribution of the stages

II(1L)—1II(6L) are given by

1
Ziy) ﬂ(L), X12) "(L) > Yitz) "(L), X1(g) "‘L)a Y WL ) and Zyq 'Rf)
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"TWENTY SIX

"WILMER M. HARPER AND JOEL A. DIEMER

‘QUALITY OF LIFE ASSESSMENT
A Methodology for Intraregional Comparisons

INTRODUCTION

"THE realization and maintenance of some minimum standard

of living or quality of life (Q of L) is integral to the s()-ci:.il
welfare goals of virtually all contemporary societies. This is

-amply manifest in the actions of national, sub-national and

local governments as they propose and initiate programs to
‘reduce unemployment, improve public services, etc. However,
"with few - exceptions the measurement of the efficiency of such
programs-in achieving improvements in perceived well-being
-and Q of - L has been particularly difficult. Understandably
this is often a particularly distressing situation for target groups

-and program administrators, not to mention ‘Tesponsible poli-

ticians.. - This is, of course, particularly true during periods of
-economic downturn when demands are highest and resources
most scarce.- - - . - S

. Most developed societies are entering what Angus Campbell
‘has called the era of “psychological man”. When researchers
-at the Institute for Social Research asked individuals “What
-does quality of life mean to you—that:is, what would you say
the overall quality. of life depends on 2, the following areas in_
~order - of - frequency . “were ' reported (1) economic_'security,
(2) family life; (3) personal strengths, (4) friendships, (5) attracti-
“veness.. of the - physical environment.[11, .p.4]. . As Society
-becomes more ‘affluent and the ‘genetal:standardiof ;living: rises,




