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AN ECOROMETRIC MODEL OF FERTILITY, MARRTAGE,
DIVORCE AND LABOUR FORCE PARTICIPATICH FOR
AUSTRALIAN WOMEN, 1921/22 70 1975/76
by
Clive Brooks, Dennis Sams

and

Lynne 8. Willisms

te IRTRODUCTION

In recent yesrs, sconomists have enlered into the study of

several aress of personsl decision making conventionally reserved for
b

wographers. In particular, the "new home economics®, developed from ihe

and Tirmly grounded in & microeconomic interpretation

vehaviour, has been applied to the snalysis of fertility, marriage,

divorce and the labour force participation decisions of married women.

ze present the dedails of an econometric nodel of
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fertility, wmarrisge, divorce and femals labour force participstion inspired

by the "new home econcmice” and developed as part of the IMPACT Project’s

Population Projection Faaility,z The model is based on Australian data

The fwo seminal articles are G.S. Becker, "An Economic Anslysis of
Fertility"” in National Bureau of Economic Research, Demographic and
Economic Changes in Developed Countries (Princeﬁon, W.J.; Princeton

Univevsity Press, 1960}, pp.209-240; and G.S5. Becker, "A Theory of the
4llocation of Time"”, Economic Journal, Vol.75, September 1865, pp.495-
517

For a discussion of the IKPACT Project's Population Projection
Facility, see Dennis Sams, "The Demographic Core of the IMPACT Project:
An Overview", IMPACT Preliminary Working Paper Ho.BP-18, Industries
Assistance Commission, Melbourne, September 1079, and Dennis Sams and
Pam Williams, "The IMPACT Project's Facility for Disaggregated
Population Projections : A Brief Exposition and Progress Report”,
IMPACT Preliminary Working Paper No.BP-22, University of Melbourne,
Helbourne, May 1980.
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for 1921/22 to 1975/76 and is derived substantially from ithe model of
Filmer and Silberberg reported in an earlier IMPACT Working Paper.‘
However, the Filmer-Silberberg model has been significantly revised to
_integrate it more fully with the Population Projection Facility and its
database. In addition, the estimation period for the current model is
slightly ionger than that used by Filmer and Silberberg; the database has
been revised and updatedz; and the opportunity afforded by the need to
re-estimate has been used to respecify several equations, parficularly

thbse relating to female labour force participation.

The Population Projection Facility forms part of the IKPACT
Project's demographic and labour supply module BACHUR00.” The Facility

consists of five submodules:

(i} the econometric model discussed in this paper,which relates
a gset of variables characterising fertility, marrisge,
remarriage, divorce and female labour force participation to
each other and to o further set of economic and social

variables;

i1« R. Filmer and R. Silberberg, "Fertility, Pamily Formation and Female
Lebour Force Participation in Australia, 1922-1974", IMPACT Preliminary
¥orking Paper No. BP-08, Industries Assistance Commission, Kelbourne,
December 1577 (henceforth referred to as the Filmer-Silberberg model).

2. TFor details of the revised database see (live Erooks, “The Detabase of
the Econometric HModel of Fertility, Marriage, Divorce and Labour Force
Participation for Australian Females”, IMPACT Research Kemorandum,
BACHUROC Hodule, November 1981(b).

3. For a full discussion of the IMPACT Project and the BACHUROO module see
Alan A. Powell, The IMPACT Project : An Overview, First Progress Report
of the IMPACT Project, Volume { (Canberra : AGPS, 1977), and
Alan A. Powell, "Aspects of the Design of BACHUROO, an Economic-
Demographic Model of Labour Supply”, in A.C. Kelley, W.(. Sanderson and
J.G. Williamson {eds), Modeling Growing Economies in Eguilibrium and
Diseguilibrium : Proceedings of an ITASA Meeting, {0-13 November 1980
(0xford : Pergamon Press, forthcoming).




{31) a submodule in which the marital status change variables
projected by the econcmetric model are dissggregated into age
specific rates of marital siatus change (that is, of marriage,

remarviage and divorce);

{iii) & submodule in which the fertility variabies projected by the

conometric model are used to calculate the number of births

[

B

f eac

o

BEX;

(iv) a demographic accounting submodule in which the end-of-year
poepulsation by sex, age and marital statos is caleuvlated on the
bagig of the gtart of year population sand the demographic flows
throuvghout the year; and

(v} a submodule in whieh the female labour supply is calculated by

avplying the labsur force participation rates for each

demographic group to the sppropriate populations.

Thus, by extending conventional demographic techniques and integrating them
with an ecomometric model which determines the levels of fertility and
marital status chapge, the Population Projection Facility produces highly
disaggregated projections of the Ausiralian population. This treatment
differs significantly from standard methods of producing demographic

projections which have aveoided any explicit attempt to incorporste the
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influence of economic and social factors within a systematic framework. |

¥Within this approach participation in the labour force by
ﬁarried women is related directly to child bearing and rearing. Given that
the "new home economics" literature does not deal extensively with the
labour market decisions of women who are not married or who are past child
bearing and rearing ages, equations for the participation rates of these

women are based on & more conventional approach.

The structure of this paper is es follows. The basic
characteristics of the Filmer-Silberberg modsl and their relationship to
the "new home economics" are discussed in Section 2, which also includes a
summsry of the major revisions incorporated in the current model. Section
3 contains details of the current model specification while Section 4
summarises its data requirements. The estimated equationg are presented
and discussed in Section 5. The within-ssmple historicel performance of
the fitted model is analysed in Section 6. Concluding remarks are offered

in Section 7.

t« For Australiasn examples see National Population Inguiry (¥.D. Borrie,
Chairman) Population and Ausiralia : 4 Demograhic Analysis and
Projection, Vols. { and 2 (Canberra : AGPS, 1975); pp.XKX1Y + 760;
Australian Bureau of Statistics, Projection of the Population of the
States and Territories of Australia, 1978 fo 2011, Catslogue ¥o0.3214.0,
(Canberra : ABS, HMay 1979) and Demmis C. Sams, Lymne S, ¥Williams,
Pamela J. Willisms and Jim D. tevenson, "A Comparison Betwsen the ARS
Population Projection 1980 to 2001 and a Compatible Projection using
the IMPACT Population Projection Facility", IMPACT Preliminary Working
Paper, He.BP-27, University of Helbourne, July 198t.
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2. OVERVIEW OF THE MODEL

The "New Home Economics™'

1]

—h

Traditionally, economists have tended to believe that the
determinants of demographic behaviour are largely non-economic or, at
ieast, that the asnalysis of demographic change is outside the scope of

seonomic theory. Willis has explained this attitude as follows:

"In part, these beliefs were fostered because the neo-
HMalthusian proposition that increases in income tend to
stimulate feriility conflicted with the facts that income

growth has been accompanied by secular decline of fertility and

of

hat femily income is inversely associated with cross-section

fertility differentials in the industrialised countries®.Z

However, following the work of Becker3 and Lancaster4 on the
extention of consumer theory to deal with the allocation of %ime and the
specific application of economic analysis to fertility by Becker5, there

has developed an extensive literature of theoretical and applied economics,

{. This section provides only & brief summary of the main characteristics
of the theory. For & more detailed exposition see Filmer and
Silberberg, op. cit., pp.6-13, and for a collection of papers defining
the scope of the 'new home economics™, sse Theodore ¥. Schultz (ed.),
Economice of the Family (Chicago : University of Chicago Press, 1974).

N
.

Robert J. Willis, "Economic Theory of Fertility Behaviour", in

Schultz (ed.), op. cit., pp.25-~75.
3. Becker (1965), op. cit..

4. Kelvin J. Lancaster, "A New Approach to Consumer Theory", Journal of
Political Economy, Vol.74, April 1966, pp.132-157.

5. Becker (1960), op. cit..



known as the "new home economics", which embraces the analysis of
demographic, sociclogical and biomedical aspects of behavicur within a

unified theory of household decision making.

The "new home economics" approach to demographic behaviour
treats the individual - or, where appropriate, the family - as a decision
making unit which maximises its utility by producing “household
commodities” formed by combining goods and services purchased in the market
and the time of individual or family members subject to explicit
constraints of budget and %ime. The latter constraints may be multiple
since, in the new analysis, the time of each member of the family unit
becomes one of the primary scarce resources of the household. This exiends
the neoclassical theory of microeconomic behaviour in which the household
derives ite utility solely from the consumption of commodities purchased
in the market. It is the initroduction of the non-pecuniary costs of
consumption, such as the opporitunity cost of time, which enables the "new

home economics” to deal with demographic topics.

The "new home economics” approach to fertility recognises that
although children are not purchased in the market place, they are
"produced” in the sense of requiring inputs of market goods and services
and of time and thus have a shadow price, part of which reflects the time
intensity of the production process and the opportunity cost of that time.

The "new home economics" asscciates the shadow price of the time invested



in children with the available wage rate in the labour market.1 Thus a
rise in the wage rate of one family member relative %o another would lead
to substitution of the latter's time for the former »s in the rearing of
children. Since the value of the time of parents, especially of mothers,
is 2 major cost of having and rearing children, then it is expected that
the number of children 2 family has will decline with the increasing cost

e

of the wife's time, as measured by her wege rate in the labour force.
There is, however, an offsetting income effect from a change in the
mother's wage rate and so the net effect on the demand Tor children of a
rise in her wage is ambiguous. The generally held expeciation is that the
substitution effect will dominate in the case of the wife's wage but that
the income effect will dominate im the case of the husbend's. This is

cenfirmmed empirically by several studies.?

t. See Jacob Hincer, "Harket le“PS, Opportunity Costs and Income
Effects™, in Carl Christ {ed.), Heasurement in Tconomics : Studies in
lathematical Economics and Econometrics in Hemory of Yehuds Grunfeld
(Stanford ¢ Stanford University Press, 1563). Note, however, that the
oppoertunity cos st of time for women in and out of the workforce need not
be the ssme. For a discussion of this see James Heckman, "Shadow
Prices, Market Wages and Labour Supply”, Econometrics, Vol. 42, July
1974, pp.674~694, and for an aynl’cailon to fertility see

Willism P. Butz and Michael P. ¥Ward, "The Emergence of Countercyclical
U.S. Fertility", American Economic Review, Vo0l.69, June 1979, rp.318-
328. .

et

H) il

2. For example, see Mauwrice Wilkinson, "An Econcmedric Analysis of
Fertility in Sweden, 1870-1965", Bconometrica, Vol.41, July 1973,
pp.633-642; June A. 0'Neill, "4 Times-Series Analysiz of Women's
Lebor Foree Participation”, American Economic Review, Vol.71, Wo.2,
“ag 1981, pp.76-80 and Belton M. Fleisher and George F. khc&es, Jr.,

*eLtlllfy, Yomen's Wage Rates and Labor Supply”, American Economic
Review, Vol.69, No.1, March 1979, pp.14-24.




Within the "new home economics", a critical distinction is made
between the number of children a family has and the resource intensity, or
"quality", of each child.! The combination of these form the “household
‘commodity”, called “child services", produced by the family. Our
prejudices suggest that when all relevant prices (including shadow prices)
are held constant, the effect of income on the quantity of "child services"
consumed should be positive. However, the growih in “child services® with
rising income may be preferentially directed to a growth in child guality
rather than the number of children. Thus the neo-Kalthusian proposition
mentioned by Willis is rescued by recognising that, firstly, the rise in
income has been accompanied by a rise in the shadow price of the inputs to
child bearing and rearing eaund, secondly, that there has been a preferential
allocation of resources %o raising child quality rether than quantity. The
“new home economics” theory of fertility can incorporate also non-economic
variables such as contraception, and infant mortality rates via the effects
of these on the trade off between the number and quality of children.

The "new home economics" has alsoc been spplied to marriage®
and divorce’. Marriage (divorce) is assumed to occur if, and only if,

both parties expect their union (divorce) to ineresse their utility levels

See Gary S. Becker and H. Gregg Lewis, "On the Interaction between the
Quantity and Quality of Children” in Schuliz (ed.), op: cit., pp.81-90,
and Dennis N. de Tray, "Child Quality and the Demand fop Children", in
Scehultz {ed.) op. cit., pp.9i-116.

2. BSee Gary S. Becker, "A Theory of Marriage” in Schmliz (ed.}, op. cit.,
pp.299-344.

3. Bee Gary S. Becker, Elizabeth M. Landes and Robert T. Michael, "4n
Economic Aralysis of Harital Instability”, Journal of Political
Economy, Veol.ss, 1977, pp.1141-1187; and Robert H. Hutchens, "Welfare,
Remarriage and Marital Search™, American Economic Review, Vol.69, June

1979, pp.369-379.




sbove what they would otherwise have been. The benefits of marriage arve
postulated to be related to the gains from specialisation in the production
of household commodities by the husband or the wife. Such benefits will
be high at large relative wage differentials for tﬁe two partners and will
diminish with increasing equality of the market price of their lebour. As
well, the desire to bear and raise one’'s own children, and the
complementarity of inputs of the partners in doing this, would iﬁply that
the demand for children and "child services” will act as an incentive to
marry and to remain married. However, marriege is also a two stage
process:1
“First, a single person decides whether or nct to enter the
marriage market and spend resources searching for a spouse, and
second, if the person enters, he or she pursues an opltimal
sequential search for a spouse. Age st first marriage then
depends bn age at entry and duration of search. DBoth age at
entry and duration of sgearch depend on the gains to marriage

snd the costs of search”.?

Thus factors which lead to an increase in the gain from search
lead to a greater probability of persons entering the marriage market and

longer expected searches, while those that increase the cost of search lead

to a lower probability of entering the marriage market and shorter expected

1+ B8ee Michael C. Keeley, “The Economics of Family Formation”, Eeonomic
Inguiry, Vol.XV, April 1977, pp.238-250, and Michael C. Keeley, An
Analysis of the Age Pattern of First Marriage", International Economic
Review, Vo0l.20, June 1979, pp.527-544.

2. Keeley (1979), op. cit., p.528.



searches. Both the rate of and age at marriasge are postulated to be
functions of those veriables which influence the gains from marriage and

2 suzgests

the direct costs of search. Reported empirical evidence
that varisbles which increase marital “income” relative to single "income”

lead to earlier entry, longer search, and a larger percentage ever

marrying.

The above brief descripiion hopefully hes demonstrated the
potential of the "new home econcmics” as & basis for the development of a
model of fertility, marriasge, divorce and labour force participation. In
the following sections, we explain its application im the Filmer-Silberberg

rodel and the current model.

2.2 The Filmer-Silberberg Fodel

The Filmer-Silberberg nodel® is based on the utility
maximisation approach adopted by the "new home economics” but no attempt is
made to map explicitly the consirained optimisation problem ints the
behavioural equations. The “"new home economics” is ueed, however, to
determine which varisbles appear in the equations, and to classify these

variables into endogenous and exogenous categories. The critical ingights

f. See ibid. for an spplication of this to the age at first marriage.
2, See ibdd., p.538.

3. Filmer and Silberberg, op. cit..



from the "new home economics” embodied in the Filmer-Silberberg model are

(4i}

(311}

~
<t
—

(vi)

child rearing is intensive in the use of the time of women who
face a choice in sllecating their time between child rearing,

lsbour force participation and leisure;

the ghadoy price of a woman's time is her labour market wage

the demand for child services is a normal good when all prices

and shadow prices are held constanty

the flow of child services is defined by the product of the

number and the guality of children —— thus numbers and guality

te Yor sach other {with unitary slasticity)

in the demsnd for child services:

the benefits of marriage depend on the relative prices of the

time of the pariners and the demand for child services;

biological faciors such as the infant moritality rate and
contracepiive effectivensss can alter the prices of the inputs
to child bearing end the returns on children and through this

affect the demand for child services.

In addition, the Filmer-Silberberg model goes beyond these features of the

“nev home economics” and, within a simultaneous framework, attempts to

capture some of the dynamic elements of family formation, family sigze and
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female labour force participation and their interactions.| In

particular, the model attempts to explain the changes in the probability
of marital status changes (that is, marriage, remarriage and divorce) and
the age distribution of these changes as & consequence of chenging economic
conditions and changes in the demand for child services. TFertility
decisions are treated as & set of sequential decisions congisting of the
decision to have a first nuptial confinement and then to have higher order
confinements. In parallel with these fertility decisions, the model alsmo
determines the desired level of child gquality. As well, the labour force
participation rates for women are disaggregated by age and marital status

to allow for differing influences st different stages of the lifecycle.

The equations of the Filmer~Silberberz model can be grouped

into four blocks, endogenizing regpectively:

(a) a set of fertility variables;
(b} a set of marrisge variables;
(e) a set of divorce variables;
and
() a set of female labour force participation variasbles.

1. However, the optimisation problem vnderlying the model is still derived
from a static, lifetime utility function, as in most of the “mew home
economics” studies, and the model does not attempt %o place the
decisions under consideration within sn intertemporal context of
expected lifetime incomes snd relative cosis. See Harc Herlove,
"Toward a New Theory of Population and Economic Qrowth” in Schults
(ed.), op._cit., pp. 527-545, for some early comments on the lack of a
dynemic dimension in the “"new home economics”, and for s fertility
model which does explore the effects of expected lifetime wage rates
and incomes, see Hichael P. Ward and William P. Butz, "Completed
Fertility snd its Timing", Journal of Political Beonomy, Yol.88,
October 1980, pp.917-940.




2.2.1 The fertility equations

The fertility equations explain the following variables;

€ the mean implied completed family size (M)
(ii)  the variance of the implied completed family size (VN) H
(iii) +the number of first nuptial confinements (Cl) H

and

{iv) & proxy for child quality (Q} .

The mesn and the variance of the implied completed family size
asre derived from parity progression data. The parity progression ratio,
£_. iz defined as the probability, at time 1, of a married female with
t{t 3 1} children having at least one additional confinement. If %this
probability remaine unchanged for the remainder of the married female's
lifetime, then the probability, at time %, of her having a completed

family size of »n children is defined as:

where = ]
e po

The mean and variance of the implied completed family size can
be calculated as follows:

i
[aeee ol
=
5]
[xd
—~
3
fw

Mye (2)

and

Yee = L M) £ () (3)

n=1

where k is the upper limit for completed family size.



The mean and variance of implied completed family size are
modelled in the first two fertility equations (not reproduced here). The
number of confinements can be obtained if both the number of firsi nuptial
confinements and the'parity progression ratios for all higher order births
are known. - The former is obtained from the third fertility eguation while
the latter are obtained by sssuming thaet the mean and variance of implied
completed femily size are the parameters of a known, two parsmeter
probability function which approximates the actual disiribution of implied
éampleted family size. Thus, given the estimated mean and variance, an
approximation, %t(n) to the implied completed family size distribution
can be obtained and, in turn, the parity progression ratios can be derived

from this approximete distribution by inverting equation (1)'.

As there is no readily available measure of quality per child,
it is proxied by the total of government and private education expenditure
at constant prices per child aged 5 to 19 years. This measure does
have limitations. Firstly, child quality is determined By total
children, whereas the proxy only captures educationsl expenditures.
However, to the extent that there is a high positive correlation between
quality per child and educational expenditures per child aged 5 to 19
years, thiz deficiency is reduced. Secondly, the proxy variable does not
disbtinguish between private and government education where some of the
variation in child quality may be occurring. HNo immediately obvious

solution exists to correct for this problem.

t. See Sams op. cit., for a full description of the calculaticn of the
number of confinements and of births.
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he marriage eguations

The marrdiage equations endogenise variatilons over time in the

following six variables:

At o . . 5 I B
(i) &n ex of the propensity %o first marry Lpg} B
{id} the mean of the age disiributicn ¢f the age specific rates of
first marriage (My)
T

(411} the veriance in age of ihe age distribution of the age specific
rates of first marriage (V)

(iv)  #n index of propemsity to remarry (Pp)

{v) the mesn of the ddstribution of the age specific rates of

remarriage  (Mp) 5

f
5
j=%

(vi) the variance in age of the distribution of the age specific

rates of remarriage {!R} .

Variables (i} to (iii) and (iv) to {vi) form %wo sets which characierise,
regpectively, the distributions across ages of first marriages and of

renarriages.

These varisbles are defined as follows. If pit(x} is the age
specific rate at sge x of marriages of type i din year t, where i=F

{for first marriage) or R {for remarriage), then the indexes of the

propensities to first marry and to remarry are defined as:

100
( -
Pit = j Pit(k)dx 5 i=ForR, .
X

where X iz the minimum sge of marriage.

)



The mean age and the variance in age of the distribution of
each type of marriage are defined as:

100

Mit = X pit(x)df//;it , i=ForR, ... (5}
*o

and
100
2

vit = (X - Mit) plt(x)dx/é“ , 1=TFoorR s e (6)

o

2.2.3 The divorce eguations

The divorce equations explain the three variables
characterising the distribufion of the age specific rates of divorce,

namely:

(1) an index of the propensity to divorce (P) ;
(14) the mean of the age distribution of the age specific rates of
divorce (Mp)
and
(ii1) the variance of the age distribution of the age specific rates

of divorce (VD)

The age specific rate of divorce in year t, th(X), is the ratio of the
number of females of age x who divorce to the number of married females
of age x. The definitions of th’MDt and VDt are analogous to those

given above for marrisge.
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2.2.4 The labour force participation rate eguations

The equations for female labour force participation explain the

labour force participation rates for six demographic groups of women:

(1) married women aged 15 to 24 years (ﬁm, 15 - 24)

(ii) married women aged 25 to 54 years (ﬁm, 25 - 54) H

{iii) wmarried women aged 55 years and over (ij 550

(iv)  unmarried women aged 15 to 24 years (ﬁﬂ’ i5 - Zd);

(v) unmarried women aged 25 to 54 years (ﬂu, 25 - 54};
and

(vi) unmarried women aged 55 years and over (£ )
u, 55+

The labour forece participation rate is defined as the proporiicn of women
in a given demographic group who are in the labour force, vhether employed

or not.

In total, the model consists of 19 equations. The explanatory
variables for each syuation are given in Table 4.1 of Filmer and
Silberbergi. The reasons for including each explanaiory variable is
discussed in detail in Filmer and Silberherg2 and will not be repeated
in this paper, except %o the extent that those variables which are common

to both models appear in the discussion below of our respesified model.

¥ith one exception, the general functioral form adopted in the
Filmer-Silberberg model is linear in the natural logarithms of all

varigbles. The exception is the first nuptial confinements eguation which

1. Filmer and Silberberg op. cit., pp.45-50.

2. Ibid.,pp.14-42.
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is linear in the variables. The model was estimated using annual data for
V 1921/22 to 1973/74. 'The results of the estimation of the model using both
Full Information Maximum Likelihood and single equation Ordinary Least
‘Squares techniques are reported and discussed in Filmer and Silberherg.T
The in-sample performance of the estimated model is generally adequate and
forms an acceptable basis for the development of the model reported in this

paper.

2.3 Revisions to the Pilmer-Silberberg Model

The econcmetric model of fertility, marriage, divorce and
labour force participation for women reported in this paper differs from
that of Filmer and Silberberg in several major respects. To achieve its
integration with the more conventional demographic accounting features of
IMPACT's Population Projection Facilityz, the Filmer-Silberberg model
required respecification and revision of the database used in its
estimation. Such revisions were necessary o ensure consistency between
the econometric model and the other submodules within the Facility. This
section outlines the major revisions whick have been made in the

development of the current model.

1. Ibid., pp.43-65.

2. See Sams op. ¢it., for details of the interconnections within the
Pacility.



Firstly, the database has been revised, principally io ensure:

(i) congistency with the ANU Demographic Databank! used in the

rest of the Facility;

(ii) internal consistency between the variasbles in the database®.

The database has been extended by two years so that it now covers the
period 1921/22 to 1975/76. Hinor definitional changes have been nade to
some varisbles to make them easier to interpret and, in general, the
definition and the method of conmstructiocn of each of the varisbles has been

clarified.

Secondly, the variables characterising the distributions of the
age specific rates of marriage, remarriage and divorce have been obtained
by fitting smooth approximating curves to the observed distributions of
these rates and calculating the propensity, mean age and variance in age
for each distribution from the smooth approximating distribution rather
than from the raw dats>. It is the time~dependent parameters of these

fitted distributions which appear as endogenous variables in the current

i+ The Databank is documented in H.P. Brown and A.R. Hall, Australian
Demographic Databank, Volume 1 : Recorded Vital Statistics 19211976,
(Canberra : Research School of Social Sciences, Australian National
University, 1978) and H.P. Brown and A.R. Hall, Australian Demographic
Databank, Volume 2 : Population Estimates and Demographic Rates 1921-
1976, (Canberra : Research School of Social Sciences, Australian
National University, 1980), and has been supplemented by unpublished
information kindly provided by Alan Hall. The methods used to derive
the data series actually used are detailed in Pam Williams,
Clive Brooks and Dennis Sams, "The Data Requirements of the Population
Submodule of the Demographic Core”, IMPACT Research Memorandum,
BACHUROO Module, University of Melbourne, May 1980.

2. See Brooks, 1981(b), op. cit..

3. See Pamela Williams, 'Marriage and Divorce in Australia : A Time
Series of Fitted Distributions, 1921/22 to 1975/76", IMPACT Working
Paper No.B-20, University of Melbourne, Melbourne, November 1981.




20.

econometric model. In Filmer and Silberberg, on the other hand, these
parameters were estimated directly from the dats without optimising the fit
of the age distributions corresponding to them. Purther, sll the observed

rates have been calculated using data from the ANU Demographic Detabank.

Thirdly, the original model does not distinguish between the
remarriage rates of divorcees and of widows. Examination of the dats
showed a marked difference in the remarriage behaviour of these two groups.
The model presented in this paper therefore has separate equations for the

variables relating to the remarriages of divorcees and of widowa.

Fourthly, first nuptial confinements are now modelled as the
rate of first nuptial confinements per thousand marrisd femsles sged 15 to
44 years rather than as the number of first nuptial confinements. This
change relieves the economeiric model of the burden of explaining the
changes in the number of first nuptial confinements arising simply from

changes in the population at risk.

Fifthly, the labour force participation rate equations have
been modified so that the participation rates are resiricted o the rangs
zero to one. This is achieved by applying an inverse logistic transform,

details of which are given beloy in Section 3.

Sixthly, the explanatory variables have been regpecified to
ensure & greater comsistency in approach across the equations of the model.

4 detailed discussion of this is postponed to the next section.



3. SPECIFICATION OF THE HODEL

The equations of the respecified model are discussed in this
section. A Iist of all the endogenous and explanatory variables is presented

in Table Al.1 of Appendix 1.

3.1 The Fertility Equations

The fertility equations explain {a) the mean and the variance
of implied completed family size, (b) the number of first nuptial
confinements per thousand married women aged 15-44 years, and (¢) quality

per child.

The varisgbles chosen to explain the mean and varisnce of the

implied completed family wmize are:

(i) the real female hourly wage rate (W) ;
(ii)  real GDP per nead (¥Y) ;
(4ii) the infant wortality rate (¢) ;
(iv)  the oral coniracepbive usage rate (Q) ;
(v) the real 0ld age and invelid pension rate (Ga) H
{(vi) & dummy variasble for World War II (22) H
and
(vii) = dummy variable for the immediate post-war period )
(introduced in order to allow for the 'caiching up' of

postponed births).

411 these variables enter the equations with a one period lag in order to

reflect the situation at the time the decision was made in regard to having
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a further confinement. The equations are specified to be linear in the

_ logarithms of all variables except the dummies.

The variables chosen to explain the first nuptial confinement
rate include the above seven veriables and an additional variagble, the
number of weighted first marriages per thousand married women aged 15 to
44 years (%). This variable, which is no lagged, is included since the
first nuptiel confinement rate occurring in any period is related to the

timing decisions sbout children taken by recently married couples.

Since it is generally the wife who shoulders the regponsibility
of rearing children, the real hourly female wage rate is chosen %o
represent the opportunity cost of having children. As noted above,
howeve;, there is also an income effect associated with any change in the
wife's wage rate. Our prior expectation, which conforms to¢ the
conventional wisdom, is that the substitution effect will outweigh the
income effect at typical levels of incomes and female vages, so we sxpect
an incregase in the real hourly wage rate for females to have negative
effects both on the first nuptial confinement rate and on implied completed

family size.

Real GDP per head is introduced into the model in an attemnpt
to measure reael family income. Since children are considered a normal
good, then a rise in real GDP per head at a given level of the resl hourly
wage rete of females is expected to lead to rises both in the rate of first

nuptisl confinements and in the mean implied completed family size.
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The infant moritality rate can be perceived as having two
opposing effects on the demand for children. If there is a loss of
children through infant deaths, couples may respond by having more
confinements so that, by compensating for infant mortality, they can
achieve their desired family size. However, child mortality slso
represents a pecuniary and psychic cost of having children. Thus, if
increases in infant mortality represent an increase in the cost of
children, then the demand for children will fall. Consequently, no prior
expectation can be held confidently for the effect of this variable on the
depand for first nupfial confinements, or on the mean implied completed

fanily size.

The cest of fertility comtrol can be regarded as a subsidy to
having children.t If improvements in birth control technology reduce the
cost of fertility control, then the value of this subsidy is diminished,
and as 2 result the demand for children will fall. Thus, it is expected
that an increase in the oral contraceptive usage rates of married females
will cause & fall in the first nuptial confinement rate, and in the mean

implied completed family size.

If couples are encouraged to have children io provide financial
security for when they become aged or infirm, the provision by the
government of old age and invalid pensions will reduce the demand for
children. Therefore, a negative relationship is expecied between this
variable and the first nuptial confinement rate, and the mean implied

completed family size.

f« A theoretical discussion of this aspect of fertility control can be
found in Willis, op. cit..



We expect that the dummy variables for World War II and for
pestponed births will have a negative and a positive effect, respectively,
on the first auptisl confinement rate, but we are uncertain of the effect
of these on the méan and variance of the implied completed family size
digtribution since it is uneclear whether high or low order births will be

more affected by the War and its cessation.

It is relatively easy to postulate the directicn of the effects
of the explanatory variables on the Tirst nuptial confinement rate.
However, predicting these effects on the mean and variance of implied
completed family size is more difficult as each variable may not affect
married females of all parities squally. PFor ezauple, an increase in the
female wage rate may cause & reduction in the parity progression ratios at
low parities but leave virtually unaffected the raziios at higher parities
since, at high parities, the marginal cost of an extra child may be
insensitive %t¢ the female wsge rate. In this case the mean implied

completed family eige will rise.

The variables chosen to explain the proxy variadle for quality

per child are:

(i) the real female hourly wage rate (W) ;
{ii) reel GDP per head (Y) ;
(iii) the infant mortality rate (¢) ;

and

(iv)  the oral contraceptive usage rate (%) .
P
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Since quality and number of children are considered substitutes, the
equation for average child'quality is treated simiiarly to the fertility
equations already described in that each of the exogenous variables listed
above enters with a lag of one year. This equation is specified %o be

linear in the logarithms of all the variables.

The production of child guality, as well as requiring the input
of the parenis' time, also requires the input of market commodities. As
a result, the real female hourly wage rate can have two opposing effects
on the production of child quality. A rise in the real female wage rate
represents & rise in the opportunity cost of the female's @ime and thus
will cause a reduction in her input of time into child rearing. With a
rige in her real wage rate, however, the female can now purchase more
market commodifies for a given number of work hours. If female %ime and
market commodities are substitutes in the production of child guality, then
the effect of a rise in the real female hourly wage rate cannoi be aigned
& priori. Since child quality is considered fo be & normal good, a rise
in real GDP per head is expected to have & positive effect on the

production of guality per child at a fixed value of the real female hourly

wage rate.

Infant mortality can be regarded as a risk in investing in the
quality of children. If infant mortality rates are high then parents may
be unwilling to make large investments, since premature death prevents the
realisation of this investment. C(onsequently, a negative relationship is

expected between the infant mortality rate and quality per child.
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If parents can better control their fertility through greater
use of contraception, they will be able to devote more resources towards
the produetion of child quality. Therefore, en increase in the oral
contraceptive usage rates of married femsles is expected to cause a rise

in the production of gquality per child.

3.2 7The Marriage BEguations

The marriage equations explain the index of the propensity, and
the mean and variasnce of the age distributions of the age specific rates,
of first marriage, of remarriage of divorcees, and of remarrisge of

widows.

Bach of the marriage/remarriage equations has the same set of

explanatory varisbles. These are:

(i) the demand for child services (8) ;

(ii}  the female/male relative wage rate (W/¥) ;

(iii) real GDP per head (¥) ;
{iv)  an index of female educational attainment (8) ;
(v} the oral contraceptive usage rate (o)

{(vi} & dummy variable for World ¥ar II (ZZ) H

{vii) a dummy variable for conseription in the 1965/66 to 1972/7%

period (23) , (for first marriage only) .

The equations are linear in the logarithms of all the explanatory variables
except the dummies and all the explanatory variables enter

contemporaneously.
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If the consumption of child services, defined as the product of the
mean implied completed family size and quality per child, provides utility
to a married couple, the demand for marriage can be considered as being
in part & derived demand for child services. Thus as the demand for child
services increases, so does the demand for marriage. Being the only form
in which this demand cen be observed, the variable used to proxy the
demand for child services is the level of such services being consumed by
couples already married. However, if the demand by existing married
couples is seen as representing a gemeral "community"” demand for child
services, then it adequately will represent the demand of marrying couples

for ¢hild services.

Single males and females have to divide their time between both market
and non-market mctivities, but when married they can combine resources with
their spouse and specialise in the activities in which they have
comparative advantages. The wage rate of females relative %o males
indicates the gains which can accrue to the husband and wife in the
specialisation of their use of time. The combined gain of both pariners
will be greater the larger the difference between the male wage rate and
the female wage rate, and vice versa. Therefore, as the wage rate of
females relative to that of males increases, it is expected that the demand

for marriage will fall.

Since marriage is %sken to be a normal good, the demand for
it is expected to be positively related to real GDP per head, given fixed
values of all of the relevant prices and shadow prices. The inclusion of
the female/male relative wage rate helps to give us confidence that the

coefficient of real GDP per head in the propensity to marry and remarry
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equations should be positive. We would be justified in having greater
‘confidence if & larger set of relative price variables had been included.
Such inclusion is made econometrically difficult because of colinearity

problems.

Increased levels of education for females are expected to
reduce the demand for marriage. With inereased levels of education,
Temales may consider other opportunities, such as labour force
participation, to be more appealing than marriage. Education may also have
a deferring effect on marriage if females postpone the decision o marry

until they have completed their education.

The ready availsbility of contraception is expected to both
reduce the dedand for marriage, and lead to a reduction in unplanned
pregnancies vwhich bring about marriages. Also, the reduction in the
possibility of unplanned pregnancies may induce some couples to abstain
ffom legal marriage. The only data available for this variable is oral
contraceptive usage rates of married females, which is assumed %o be
representative of all females in the community and of contraceptive use in

general.

Two dummy variables are also included. The first, for World
War II, captures the disruptions %o the marriage market which resulted from
that war. The other allows for the effect on the demand for marriage of
conscription of males over the period 1965/66 to 1972/73. During this

period males who married before their Wational Service registration were
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exempt from conscription. As only young males (20 years old) were

conseripted, this dummy variable is only included in the equations relating

to first marriage.

In general, no prior expecitations on the coefficients in the

variance squations are postulated.

3.3 The Divorce Eguations

The divorce eguations explain the index of the propensity to,
and the mean and varisnce of the distributions of age specific rates of,
diverce. As for the m&rriage equations, it is relatively easy to see a
direct relationship between the demand for divorce and the index of the
propensity to divorce. However, the rela’cions’hip betweer the demand for
divorce end the mean and variasnce of the distribution of age specific
divorce rates is not ss clear. A simple hypothesis would be that, as the
demand for diverce increasses, the timing of divorce is brought forward,
thus lowering the mesn age, and the certainty regarding the decision to
divorce increases, thus lowering the variance in age. However, if the
factors influencing the demand for divorce affect some age groups more than
others, this simple znalysis may not hold. TFor example, an increase in the
widows' pension would only affect those potential divorcees who are
eligible for such a pension--those with children or who are over 50 years
of age. If the affected group are cld, relative to the mean age of
potential divorcees, then the mean and variance of the age distribution may
increase in response to an increase in demand for divorce from this

source.
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The variables chosen to explain the demand for divorce are:

(1) the femele/male relative wage rate (W/¥) ;
(i1}  real GDP per head (Y) ;

wy .

(iii} the number of dependents per married female (K} 3

{iv)  the real widows' pension (Gy
and
(v) a dummy variable for the introduciion of the Family

Law Act (24} .

The three equations are specified to be linear in the logarithms of all the
variables except the dummy varisbles., A1l varizbles are laggzed by %wo
periods in order t0 reflect the situation at the time the decision to
divorce was taken, since the granting of the divorce decree occurs

approzimately two years after the initial decision to divorce is made.

Changes in the relative wage rates of hushands and their wives
are expected to have effects on the demand for divorce opposite to those
on the demand for marriasge. In Section 3.2 it was argued that
differentials in male and female wage rates produced gains from marriags.
If these differentiazle are reduced, the gains from existing marrisges will
decline and more couples may decide to divorce. Therefore, a positive
relationship is expected between the demand for divorce and the female/male

relative wage rate.

If divorce is a normal good, the demand for divorce will be
pogitively related fto real GDP per head but the rositive effect of a rise

in the wage component of GDP per head, which leaves the female/ male
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relative wage rate unchanged, can be offset by & corresponding rise in the
opportunity cost of the time necessary to obtain a divorce. However, a
rise in the non-wage component would have purely a‘positive income effect.
Whilst, the effect of changes in real GDP per head cannct be determined

a priori, it is likely that the positive income effect will predominate.

The greater the family traums and psychic cosis associated with
diverce, the lower the likelihood of a divorce proceeding. The number of
dependents per married female is used as a proxy variable for the psychic
costs of divorce. The higher the number of dependents, the greater the
psychic cost. Thus it is expected that the demand for divorce will be

inversely related to the number of dependents per married female.

The availability of a government pension after divorce may
provide an incentive to divorce for those females who are dependant upon
their husbands for financial support. The widows' pension is available to
divorced females with dependent children, or who are over 50 yesrs of age.
It is expected that this pension will be positively relsted to %the demand

for divorce.

A dummy variable is included for the introduction of the Family
Law Act which came into operation at the end of the sample period. This
legislation had two effects on the divorce "market". First, it lead to an
increase in the number of divorces due to efforts to clear the backlog
prior to the introduction of the new Act. Second, it may have lead to
some deferment of potential divorces to take advantage of the more lenient
provisions of the new Act. These deferments and the increased ease of
divorce are expected to increase the propensity to divorce after the

introduction of the Act.
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4 variable which could have been expected to have a negative
‘effect on the demand for divorce is the cost of divorce. Unfortunately,
data were not available to create a time series for this varisble ang it

could not be included.

3.4 The Female Labour Force Participation Rete Equations

The female labour force participation rate equations explain
the labour force perticipation rates of females disaggregated by two
marital states {married and unm&rriedi) and by three age groups (15 to 24

years, 25 to 54 years and 55 yvears snd over).

The labour force participation rats for a female of a given age
group and marital status is defined as the proportion of females of that
age group and marital status who are in the labour force, whether smployed
or uwnemployed. There are two important consequences of this definition of
the female labour force participation rate. FRirst, the female labour force
participation rate is an indicator of the supply as opposed to the

aployment of female labour and & transfer of females from being employed
to being unemployed will leave the psrticipation rate unchanged. Second,
the Temale labour force participation rate is unaffected by changes in the

number of hours of labour being offerred.

{. "Unmarried" includes never married, divorced and widowed.
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In the "new home economics"”, the labour force participation of
married females is related %o their participation in household sctivities.
Harried females choose to allocate their time between labour force
participation, participaticn in household activity and leisure. Thig
additional choice concerning the allocation of time to household activity
is assumed not to apply to ummarried females. Thus the specification of
the equations for married females aged 15 to 24 years and married femszles

5 to 84 years differs from the other equations. Decisions regarding

N

aged
fertility are expected %o influence labour force participation decisions
only for these married females, whereas married females aged 55 years and

aver are freated in the same manner s unmarried females.

As the labour force participation rate has a theoretical
marimum of unity (that is, when all the females in a particular group are
in the labour force), it is transformed prior to egtimstion o ensure that
its estimated value does not exceed & designated maximum. The transformed

variabls used for sstimation is:
£ = ﬁ/wn -

where £* is the transformed variable, and

Eu is the upper limit set for the labour force pariicipation

rate.

Hence,

o= e /o sy,
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where the circumflex denotes the estimated value.

Typically, £u has a value of unity, although in the case of
unmarried females aged 15 to 24 years it is set to one minus the education
participation rate of unmerried females aged 15 to 24 years. These
transformed variables and all the explanatory variables, except the

dummies, enter the equations as their natural logarithms.

The variables chosen to explain the labour force participation

rates for married females aged 15 to 54 years are:

(1) the totel demand for child quality per married female (k03
(ii)  weighted nuptisal confinements per thousand married females (§) ;
{iii) +the oral contraceptive usage rate () ;
(iv)  the real female hourly wage rate {(¥) ;
(v) an indicator of the demand for female labour (LD}
(vi})  the unemployment rate of all persons (u);

and

(vii) a dummy variable for World War II z,) .

The tc%al demand for child quality per married female is
obtained as the product of the number of dependents per married female
(K}, and the demand for quality per child (Q). 1Increased demand for child
quality raises the demand for market commodities, which, in turn, requives
& shift in the allocation of expenditure within the househsld, or an
increase in the income of the household. Household income can be incressed

by the wife joining the workforce and/or working more hours (if she is
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alrsedy in the labour force) and/ecr by the husband working more hours.
The increased demend for total child quality per married female is
expected to increase the labour force participation rates of married

females.

Weighted nuptial confinements per thousend married females are
obtained by taking a weighfed average of the number of nuptial confinements
per thousand married females in the current ang previous four years. This
variable provides an indication of the recent fertility behaviour of
married females. As the care of young children is intensive in the use of
parents’ (usually the mother's) time, the presence of young children in the
household may result in the wife withdrawing from the labour force.
Therefore, it is expected that there will be a negative relationship
between weighted nuptial confinements and the labour force participation

rates of married females.

The use of contraception helps to create an environment in
which married females can plan ahead and maske conscious decisions regarding
their length of stay in the labour force. Ii is expected that the oral
contraceptive usage rate of married females will be positively related to
their labour force participation rates. However, some of the effect of
contraceptive usage will be captured through the total demand Tor child
quality and the weighted nuptial confinement variables, thus weakening the

direct effect of the contraceptive variable.

Conventional microeconomic analysis predicts that an increase
in the wage rate will tend to induce a person to supply more hours to

labour force activity (the positive substitution effect) but the resultant
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increase in income will also enable this person to "purchase" more leisure
‘time (the negative income effect). The outcome of this situation is
unclear. In the case of married females there is an additional choice
availsble for the allocation of time besides work and leisure:
participation in household activity. This further choice can be anslysed
in an analogous way to leisure. The additional income from an increase in
the wage rate will increase the demand for home commodities. However, as
the production of home commodities involves the use of female time, the
cost of these commodities will inmcrease. The magnitude of the negative
income effect on labour force participation will depend on the exient 4o
which leisure time and time spent in household production are
substitutable, and on the extent %o which market commodities and female
time are substitutable in househsld activity. Overall i% is difficult to
determine & priori the effect of an increase in the wage rate on the number
of hours spent in the labour force. However, the effect on labour force
participation rate is more clearly defined. The substitution effect will
regult in some married females transferring from being not in the labour
force te being in the labour force, but the income effect will not cause
women %o withdraw from the labour force since this wnuld deprive them of
their income and their ability o “purchase” any leisure time or home
commodities. Therefore, a positive relationship is expected betwsen the
real female hourly wage rate and the labour force participation rates of

married females.

The ratic of total employment to the male labour force is used

as an indicator of the demand for female labour. If it is agssumed that
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employers initially satisfy their demand for labour through the employment
of males, as the availability of jobs increases relative to the number of
men in the workforce, more employment opportunities become available to
females. This increased availability of jobs may induce more females into
the labour force, especially in the case of secondary workers such as
married femsles who tend o leave the labour force in times when there is
no prospect of readily obtaining employment. Therefore, a positive
relationship is expecited between the indicator of demand for female labour

and the labour force participation rates of married females.

Conventional analysis of the effect of the unemployment rate
on labour force participation postulates the cxisitence of two opposing
effects. If an increase in the unemployment rate is perceived as lowering
the probebility of obtaining a job, some females may decide %o withdraw
from the labour market--the so-called "discouraged worker" effect. On the
other hand, if an increase in the unemployment rate is due to an increase
in the unemployment of the “primary” worker in the household (typically the
husband in 2 married household) then other household members may be induced
to enter the labour force to compensate for the loss in income -- the
"additional worker" effect. Thersfore, the effect of the unemployment rate

on the labour force participation rates of married females cannot be

predicted @ priori.

A dummy variable for World War II is included %o allow for
disruptions in the labour market which occurred during the war. The effect

of this dummy is expected to be positive.
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The variables chosen to explain the lsbour force participation
rates of married females 55 years and over, and unmarried females of all
age groups include some of the variables discussed above, as well as some

additional variables. The total set of explanstory variables are:

(i) the real female hourly wage rage (VW) ;
(i1) an indicator of the demand for female labour (LD) H

(i1i)  the unemployment rate for =11 persoms (u) ;

(iv) the real old zge and invalid pension (Ga} 3
(v) the real widows' pension (Gw) 5
(vi) the education participation rate of females aged

15-24 years (eu, 15 - 24y 3
{vii) & dummy variable for World War IT {22) 3
and
(viii) a dummy variable for the years prior to the introduction

of the widows' pension (ZS) .

The effect of the real hourly wage rate on the allocation of
time by females has been discussed above. The females now being considered
are assumed not to be engaged in the production of "child services”; their
choice is between labour foree participation and leisure. As discussed
above, although & change in the real female hourly wage rate will have two
cpposing effects on the supply of working hours, it is expected to have a

pesitive effect on the labour force participation rates of females.

The effect of the indicator of the demand for female labour is
the same in this case as was discussed above for married women, thst ia, a
positive relationship is expected between the indicator of the demand for

female labour and female labour force participation rates.
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The effects of the unemployment rate on labour force
participation rates were discussed above. In the‘case of unmarried females
who are more likely ¢ be "primary” workers than are married females, the
addiftional worker effect may be quite small. However, the effect of the
unemployment rate on the labour force participation rates of the females

under consideration still cannot be predicted a priori.

If females are able to obtain an income from a government
pension, they may prefer this income to that earned in the labour force.
Two government pensiong are censidered to affect female labour force
participation rates--the real oldé age and invalid pension which ie included
in the equations for both married and other females 55 years and over and
the real widows' pension which is included in 2ll three egquations for
vmarried females. A negative relationship is expected between these

pensions and labour force participation rates.

For young females participation in the education system is an
alternative to participation in the labour force. If it is asssumed that
participation in the education system precludes participation in the labour

force1

; the upper limit for the labour force participation rate can be
reduced by the education participation rate (that is, 1 - eu, 15_24).
Although, there is obviously a strong simulfaneity in the determination of
the labour force participation rate and the education participation rate

for young women, the education participation rate is treated as exogenous

in this study.

1. The education participation rate variable was calculated on this basis
and included only full-time students not in the workforce. See Brooks,
1981(®), for details.
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Information concerning the marital status of female students is
"scarce, but the 197% Census of Populstion and Housing did show that 98.4
per cent of full time female students not in the lshour force were not
married. ! As it is likely that this high proportion would have persisted
over the 1921/22 to 1975/76 sample pericd, the education participation rate
is used to reduce the upper limit of the labour force participation rate

only for unmarried females aged 15 to 24 years.

The dummy variable for World War II is included to sllew for
the disruption in the labour market which occurred during the war. As the
widows' pension was not introduced until 1943/44 a dummy varisble is
specified for the years prior to its introduction o proxy for other forms

of financial assistance which were aveilable to widows.

1. Australian Bureau of Statistics, 1971 Census of Population and Housing,
Bulletin 3 - Demographic Characteristics, Catalogue No.2239.0,
Canberra, 1972.




4. DATA REQUIREMENTS OF THE MODEL

The variasbles which comprise the model have been listed in
Table A1.2. Their partitioning into endogenous and exogenous variables is
presented in Table Af.1. With the exception of the equations relating to
diverce, the model is estimated using annual time ssries data for the
period 1921/22 to 1975/76. Assembling a data base over such a lengthy
period presents continuity problems. Of necessity, some variables have
been constructed on the basis of more than one primary source of data.
Horeover, due to changes in definitions, sampling procedures and the like,

discontinuities can arise even within one source of primary data.

Although data relating to divorce were available prior to 1950/
51, these provide no useful information because the age distribution was
manuf&ctured,g Hence the years prior to 1950/51 were omitted from the

time series used to eatimate the diverce eguations.

Hany of the endogencus variables of the model are annual flows
measured over financial years. 4s a consequence, the exogenous variables
used are flows over financial years {possibly lagged) or estimates of
stocks at mid-points of financial years. Full details concerning the

construction of the variables may be obtained from a separate document.?

1. For more details refer to Williams, op. cit., pp.30-33.

2. Brooks, 1981(%), op. cit..



5. EMPIRICAL ESTIMATION OF THE MODEL

The econometric model specified in Section 3 comprises twenty-

two egquations, of which thirieen form a simultaneocus system.

The equations of the simultsneous system are those for mean
implied compieted family size, and for "child gquality”; for the
propensities, mean ages and variances in age for each of first marriages,
remarriages of divorcess and remarriages of widows; and for the labour
force participation rates for married women aged 15 to 24 years and 25 io
54 years. In order %o ensure consistent parameter estimates for the
simultaneouns gsystem it is necessary to use a simulisneous equation
estimating technique such as Two Stage Least Squares (QSLS), Three Stage
Least Squares {3SLS) or Pull Information Maximum Likelihood (FI¥L). Both
38LS and FIML utilise the information contained in the covariance matrix of
the residuals, and thua provide parameier estimates which are more
efficient than those produced using the 285 fechnigue if the maintained
specification is correct. However, mis-specification in any of the
equations in the simultaneous block estimated under either 33LS or FIML
will feed through to the remaining equations and may resuli in biased
parameter estimates. In this case, the 28LS estimetes {which do not take

account of cross equatisn error relationships) wonld be preferred.

Estimation of the remeining squations could be underiaken using
the Ordinary Least Squares (oLs) technigque, 28 no sinultaneify is involved.
If the errors from any given equation are contemporsneously uncorrelated
with those in all other equations and are otherwise classical, then QLS is

equivalent to FINL; if correlations did exist between the srrors of the
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equations, the Seemingly Unrelated Regressions approach and the FIML
estimation procedures would provide estimates which were asymptotically

more efficient than QLS.

The approach adopted in estimating the model is a compromise
between sesking maximum efficiency and avoiding potential mis-specification
bias. The block of simulianeous equations is estimated by Two Stage Least

L The remaining non-

Séuares (2515) using Wymer's SIMUL computer package.
simultaneous equations are estimated in four blocks; one consisting of the
four remaining labour force participation rate equations; another
containing the three divorce equations; and two single equation blocks
composged, respectively, of the equations for the variance of implied
completed family size, and for the rate of first nuptial confinements.?

All the equations are assumed to be linear in the logarithms of all the
explanators except the dwmmy variables, while all the endogenous variables,
except the labour force participation rates, also enter in logarithmic
form. (Note that the labour force participation rates are first
transformed according to the procedure outlined in Section 3.) All
equations, except the three divorce equations, are estimated for the period
1921/22 to 1975/76. The divorce block is estimated for only 1950/51 to

1975/76 since the data prior to 1950/5!1 were thought to be unreliable.

t. C.R. Wymer, "Computer Programs : SIMUL Manual”, International Monetary
Fund, Washington D.C., 1977 (mimeo).

2. The computer implementation of the estimation is described in a
separate document : Clive Brooks, "Computing Notes for the Estimation
of the Econometric Model of Fertility, Marriage, Divorce and Female
Labour Force Participation for Australian Females", IMPACT Research
Memorandum, BACHUROO Module, June 1981(a).
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5.1 The Fertility Equations

The estimated equations for the mean and variance of implied
csmpleted'family sigze, the first nuptial confinement rate and the proxy for
child quality are presented in Table 1. The actual and estimated values
over the sample period for each endogenous variable are illustrated in

Figures A2.1 to A2.4 of Appendix 2.

In general the results support our a priori expectations
regarding the signs of the estimated parameters. Further, with the
exception of the equation for mean implied completed family size, the

mejority of the coefficients are mignificant at the 5 per cent level.

The influence of real GDP per head is significant and positive
in all equations, while the influence of the female wége rate is negative
in the equations for the mean and variance of implied completed family size
and for the first nuptial confinement rate, but positive in the child
quality equation. Thus, according to these estimates, the demands for
children and child quality inerease with increasing income, while the
demand for children decreases with the increasing cost of females' time.
However, the effect of female wage rates on child quality, which could
not be determined &8 priori, indicates that women substitute market
comuodities for their own time in producing chiléd gquality as the cost of

their time increases.

No prior expectations were given for the influence of these
variables on the variance of implied completed family size. The

coefficients for both real GDP per head and for the female wage rate are
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significant and indicate an increase in variance with income and a decline

in variance with the rising cost of women's time.

4 rise in the real old age pension was expected to diminish the
demand for children and this is borne out by the coefficients which are

negative and significant in all the family size equations.

The effect of an increase in the infant mortality rate is
negative in all the eguations but only significant in the equations for
"ehild quality& and for the rate of first nuptial confinemenis. Thus as
infant mortality declines, the consequent reduction in the potential
psychic coats of having children causes the demand for children to incremse

while encouraging further expenditure to raise "chil quality”.

As expected, an increase in oral contraceptive usage is
estimated to lower the demand for children and 45 raise “child quality”.
However, only the coefficient in the equation for "child aquality” is

k4 e y

sigoificant,

The rete at which firsi-born children are produced is expected
to respond positively to an increase in the proporticn of newly-weds
apongst marrieds. This is confirmes by the pogitive and significant
estimated coefficient of the proportion of newly-weds in the equation for

first nuptial confinements.

The World War II dummy exeris a negative and significant

influence on the mean implied completed Temily size and ite variance, and a
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small positive, but insignificant, influence on the first nuptial
confinement rate. The postponed births dummy is insignificant in the
equation for the mean but significant and negative 'in the equation for the
variance. In the first nuptial confinement rate eguation, the postponed

births dummy has a positive and significant coefficient.

Excepting the equation for mean implied completed family size,
at & descriptive level the fertility equations track fertility behaviour
well, with coefficients of determination ranging from 0.82 to 0.98, and the
signs on the significant coefficients being in keeping with those
postulated above. However, the in-sample tracking of the equation for the
mean implied completed family size is poor, with a coefficient of
determination (RS) of only 0.35. It is useful to consider more fully the

reasons for the failure of this equation.

From figure A2.1 of Appendix 2, it is clear that the estimated
equation fails to capture the rise in mean implied completed family size
from the end of World War II to 1961/62 and its fall from there to fhe end
of the sample period. Part of the difficulty in capturing this movement
arises from the nature of the implied completed family size distribution,
which is calculated using information on the current age distribution of
fertility rates. If in a given year the fertility of older women is high,
it is assumed in the calculations that currently young women will have the
same high fertility when they reach the age of the currently older women.
If cohorts are exhibiting different patterns of fertility over their life

cycles, as indeed they are within our sample period, the mean of the
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implied completed family size distribution can show variations which
‘reflect more these inter-cohorit differences than actual itrends in intendeg
family size for the youngest child bearing cohort. In particulsr, at times
when births are being deferrved, the mean implied completed family size can
rise and then fall when births recover. During the Great Depression and
World ¥War 11, the wmean ross because the fertility rates at lower birth
orders declined while those for higher orders were maintained. With the
recovery of lower birth order fertility after the Depression snd the Var,
the mean femily size fell. However, this is not the principal cause of the

difficulty in the posi-War period.

The rise and fall in the mean implied completed family sigpe
since World War II parallels that of other fertility measures, such as the
3
total fertility rate. Ruzicks and Choi® have sxplained the movement

in the total Fertility rate as follows:

"The shift of childbearing tovards younger ages was partly

still comparatively high in this period {over 120 per 1,000
women aged 30-34) reflecting the late completion of
childbesring of the older generations, the younger generations

had started their families early and attained high fertiliy

f+ The toitel fertility ratfe is the sum of the age specific fertility rates
in a given year.

Z. L. T. Ruzicks and C.Y. Choi, “"Recent Decline in Australian Fertility”,
in Australian Bureau of Statistics, Year Book Australia, Ho.65, 1981,
pp.t14-127,




while they were still in their 'twenties'. The joint effect

of these two generational patterns of childbearing gave rise

to a very high level of fertility and contributed to the 'baby
boom' of this period. Similarly the rapid decline in fertility
in the 1970s reflects not only the reduction in generational
fertility but also the effects of the low fertility of the
older women who had completed much of their family formation

in the 1960s and the low fertility of the younger women who had

postponed their childbearing,"1

Thus, since the implied completed family size measure is based on cross-
sectional fertility rates in each year and the zssumption that these rates
are the age specific rates facing & woman over all her reproductive life,
the measured value of the mean implied completed family size rises
drematically with the joint occurence of high fertility rates for both
younger snd older women. The implied family size measure used here is no
better or worse in this regard than most other fertility measures, but its
failure to capture the details of fertility change over part of the sample
period reduces confidence in the specification of the equation for the

mean. In particular, Ruzicke and Choi point out that:

1. Ibid., p.117.
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"It is worth noting that the high fertility level of the 1950-
65 period does not mean that there had been a sudden increase
in the family size of the generations of women who passed
through their childbearing ages in those years. None of these
generations ever reached the completed fertility suggested by
the time-period rates (total fertility rates) for these years.
The highest generational fertility of 3,077 children per 1,000
women born in 1928-33 was considerably less than the total
fertility rates of the 1951-65 period. The change in the
timing of childbearing of successive generations of women had
gradually concentrated more of their births inte & shorter span
of years, creating a sharp increase in time period Tertility,

particularly in 1956-60."

5.2 fThe Marriage Eguations

The estimated eguations for the index of the propensity, the
mean and the variance of the distribution of age specific rates for each
of first marriage, remarriage of divorcees and remarriage of widows are
presented in Table 2. The actual and estimated values of these variables

are illustrated in Figures A2.5 to A2.13 of Appendix 2.

Examination of Table 2 reveals that the Lhree propensity
equations perform well. Not only do the majority of signs concur with
a priori expectations, but most of the coefficients are well determined.
As well, the overall explanatory power of each equation is high, ranging
from an R2 value of 0.89 for the propensity to first marry to C.74 for

the propensity of widows to remarry.



S51.

SROPIA JO o8vTaarusg

(¥65%°0) (1620°0) (6010°0) (0€90°0) (60€1+0) (LL90°0) (£910°0) Jo se3ma otryroeds

2688°0 [V 3404 #£920°0 #6120°0 %4920 019140 266820~ £L922°0 299 Jo UOTANQIILSTD

88e 8Y3 JO 20UBTIBA

BHODPTA JO 88vTagvuwed

(eav<0) (6120°0)  (2800°0)  (&£L¥O°0Y  (1860°0) (6050°0)  (8¥£0°0) Jo seyma oryrosds

Siad e #LL8Z"¢2 6420° 0~ £¥00°0 +6801°0 86LL°0-  4E611°0 §610°0~ 98® JO UOTINQTIIFSTD

88w sy} JO uwey

(86iz 1) (¢LLo0) (882070}  (elL9i0)  (S9¥et0) (L6L10)  (822i°0) SHOPTA 0F Azrmmer o4

gVl o 9GLL" 0~ [RS8t 2691170~ RGPELTO- £€20°0 «*0019°0 L1070~ £3tsusdoad Jo xepur

S92VI0ATD JO o8wTaawvu

(84990°4) (9L9070)  (2920°0)  (19¥1°0)  (L20S°0)  (0LG1-0)  (£LO1°0) -8d JO ®818I OTIToads

cer9t0 Fiee 0 #625Y* 0~ L0 0~ 4618270 LL0L° 0~ #98LL"0 #5845 0~ 888 JO WOT4NQTIFSTD

88® 8y} JO 80UBTABY

S98DI0ATIP JO 89BTIIBU

(192¢°0) {6020°0)  (8L00*0)  (2G¥0°0)  (9460°0) (98¥0°0)  (2££0°0) ~8d JO §831BI OTJToads

674L°0 #&29L 2 #66L0°0~  42L10°0 #8851°0 LLOL 0~ 4lECit0 #6081 0 888 30 UOTANQTIISTID

888 ayy Jo uway

8902I0ATD J0J

(1666 4) (¥880°0) (0££0°0) (8161°0) (£96£°0) (9502°0) (40%1°0) £risuwsx o3

6LE8"0 LEYG 2~ #9282 0 4816170~ £1899°0~ £G5P 0~ #865°0 #4L6ET0 43tsuedoad yo xepuy

efvtaasw 4831y

(019€°0) (2000°0) (L2z0°0) (4600°0) (¥6¥0°0) (L901°0) (8e60°0) (29¢0°0) 30 e93Bx oTyToeds

6928°0 #612679 #4000 0~ Y0610~ #9L£0°0 #912£°0 #1019°0 «¥elit0- w2922 0~ 958 JO UOTINQTIISTD

888 ey} JO S0UBTIBY

efvTaxsw 38atTJ

(£0L0"0) (10000} (¥%00°0) (8L00°0) (9600°0) {8020°0) (¢010°0) (0LoC:0) JO se3sa oTytroeds

LiG6°0 xch28 ¢ #5000°0~  &PZL0°0~  4G210°0 %< 12070 0600°0 #£6%0°0-  £L0¢0° 0~ 288 JO UOTINQTIZETD

88w ouy JO umoy

(£869°0) (6000 0) (64¥0°0) ($810°0) (9460°0) (¥902+0) (220170) (6690°0) %mhm@ 38ITF 03

86880 #6762 ¢~ xC100°0 #BLIL*O #0260°0~  #L1LV 0~ xB6I8*0~  £2LEZV°0 #8670 £yrsuedoad Jo xspur

UOTHBUTHIBASD  JUBISUO) & NM s H W/w X 8 203 uotienby
Io

2UBTOTIIS0)

SETLYINVA XUOLVNVIAYE

SHOILYNOE FOVINYYH CEIVWILSE ¢ 7 WIAYL



*E1ST FuTsn peswuryse eaw suotysube Ty

*T94eT juso aed G BYL 3B JUBOTITUHIE ST 838UTIEe Jejouwiwd SUl Se3VOTPUT YSTILISE Uy

T8X0IIe prupmels OT903dmASE B4W 8180RIQ UT SSNTEA Ol

: 7. ‘seTqETIBA Jo uorieusydre J0j 1¥eq o3 xazey
*¥7 fuotridraosuos A0 8TqeTawra Lwmnmp oyy puw I Y7 ° I aBM DPIION J0F e{quTIeA Lmunp sqy {8 sywa efesn aarrdeovayuon
1820 8U3 ! I  JUSWUTELIR [PUOTIVONDS OTBUSF JO AOIEOLDUL 1B [ p/y ¢ 23B2 ofea LTIN0Y BATIETO eyun/aTEmay

our * ;1 ¢ peey xsd jqonpoad oT3sewoD SS02F Twed fg ¢ BO0TATOS PTTUD “ioxw S81quTIea Axogwuerdxe syl ewmyytarfor
TBINIBU IT8YL B8 SUOTIENDS BY3 J8jUs ‘3UBISUOD OUL DUT SSTUETIRA Luwnp syy zo woridsoxs UL YiTa ‘seygerama TTY

(p,3u0D)

i

SSELON
¢ ATV



The indices of the propensity for first marriage and remarriagel
of divorcees are positively related to the demand £or child services and
real GDP per head, and, where significan%, negatively related to the
female/male relative wage rate, femele education and the rate of
contraceptive usage. Contrary to prior expectations, the demand for both
types of marriages are positively related to the World War IT dummy
variable. Unlike the other indices, the index of propensity of widows to
remarry is esiimated o decrease with the demand for child services and to
increase with the female/male relative wage rate, although the parameter
estimates in both cases are insignificant at the 5 per cent level. All the
parameter estimates in the equation for first marriages are well
determined, and =1l except that for the female/male relative wage rate are
significant in the eguation for the remarriage of divorcees. Cnly the
parameter estimates for real GDP per head, the index of female sducational
attainment and the oral coniraceptive usage rate are significant in the

equation for remarriages of widows.

To the extent that the opportunity cost of time is embodied in
real GDP per head, the positive influence of the latter variable in the
index of propensity equations tends to suggest that the income effecis
outweigh the increase in the own time cost of searching for a pariner. The
elasticity with respect to real GDP per head is highest for the remarriage
of widows and lowest for first marriege, although the difference is not
great. If real GDP per head primarily captures non-wage effects, then
these resulis may reflect the greater importance of non-wage income to
divorcees and widows. This hypothesis is supported by the fsct that the

female/male relative wage 1s only significant in determining the propensity
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to first marry. These results also may be due ito the weasker labour force

attachment of divorcees and widows, which is a result of their access %o

alternative means of finmancial support (such as the widows' pension).

The signs of the parameters in the equatisns for the mean and
variance of the distribution of the age specific rates of first marriage
are in accordance with the priors specified in the simple analysis
prasented in Seciion 3.2. That is, the signs of the parameters in these
two equations are the opposite to those in the equation for the index of
the preopensity to first marry. The mean and variance are pogitively
related to the female/mals relative wage rate, the index of female
educational attainment and the oral contraceptive usage rate and nagatively
related to the demand for child services and real GDP per head. All the
parameter estimates, with the exception of that for the female/male
relative wage rate in the equation for the mean, are significant at the 5
rer cent level. Thers is a positive relationship between the means of the
distribution of the age specific remarrisge rates of both divorcees and
widows and real GDP per head, the index of female educational atisinment
and the oral contraceptive usage rate. There is 2 negative relationship
between these means and the demand for child services and the female/male
relative wage rate, but only the coefficient on the demand for child
gervices in the remarriage of divorcees equstion is well determined. The
signs of the estimated parameters for the relative wage rate and real GDP
per head were opposite to those expected under the simple analysis

presented in Section 3.2.
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5.3 The Divorce Equations

The estimated equations for the index of the propensity to
divorce, the mean end the variance of the distribution of age speecific
divorce rates are presented in Table 3. The actual and estimated values
for each of these variables are illustrated in Figures 42.14 to AZ2.16 of

Appendix 2.

The signs of the parameters in the equation for the index of
the propensity to divorce are in accordance with prior expectations. There
is a positive relationship between the index and the female/male relative
wage rate, real GDP per head and the real widows' pension, while the
relationship between the index and the number of dependents per married
female is negative. Only the estimated parameters for the number of
dependents per married female, the real widows' pension and the Family Law
Act dummy are significant at the 5 per cent level, although the 72

value is satisfactory at 0.95.

The mean of the distribution of age specific divorce rates is
positively related to the number of dependents per married female and the
real widows' pension, and negatively related to the female/male relative
wage rate, the number of dependents per married female and real GDP per
head. The only significant variable is the number of dependents per

married female, and the R® value is low at 0.52.

There is a positive relationship between the variance of the
distribution of age specific rates of divorce and the female/male relative
wage rate, the number of dependents per married female and the real widows'

pension, and a negative relationship between the variance and real GDP



56.

10J 97qBTIRA Luump
‘epotasd ony podder ¢
POT

“THI4 Butsn peiswrlse aiw saotsenbe Ty oy

‘T84eT qued zed § oy 1® JUBOTITUITS €T o3BWIISS Jojemeind 38U} 893BOTPUT NSTI838® Uy ¢

TB87qBTIEA JO uoTgmuwldye 10J 3%04 oy} 0y Jsjoy
84y pue Ispotasd omy pefPeT ¢ Y ¢ geao pus sxeaf G|
9 * uotsued sSMopTA Tmoax oYy ‘spotied OMg pefdel

M

*8I0418 pawpuURLs 07301dWASR ©1¥ §3930BIQ UT sanyeA syl -2

-spotasd oag pedfer ¢ ¢N ‘

10V el L{tweg ayj
aTemar potTaaew Jod samed (| Jopun UBIPTTYD
M/H € 91BI eFva LTaInoy sATIBTRX STRU/BTBWa ]

oy3 ‘spotisd onmy peffsy ¢ § ¢ peey aed jonpoad oT85uep ©e04aF IBod 184w SBTqBTIEA L10jwuetdxe oyyg *euygTIRdor
TRINIBU ITBYL 87 suoTienbe eyl Jejus ‘jumisu0d oYY pus 8s1qwTaws Lwwmp eyj Jo uorsdeoxs euy Y3TH ‘S8TQBTIBA TV *| LSHLON
20I0ATD
(961L°9) (6¥64-0) (LoLL0) (986¢°0) (gbeit) (1£99°0) Jo sa38a o13toads
02650 S69¢* ., VP50 0~ #96V8° 1 Execradel 645610 Logy o~ 888 10 UOTINQTILSTD
838 oYy Jo soumtam)
QVIOATD JO
(oz8e*0) (Liv0-0) (6%91°0) (v580°0) (62yz0) (ozvi-0) 88181 0TJTo8ds ofFe
51670 %598L9°¢ Y1000~ #4970 6vL0"0 2910~ L5600~ 3O UOTINQTILSTD
3w sy} Jo uwey
(ellz-2) (8L01+0) (8s82¥°0) (¥ozz-0) (2L29°0) (999%¢°0) 82I0ATP 03
L2586°0 ceLy v~ %C186°0 29180 ¢~ %0906°0 arb o 1£¢2+0 £3rsuedoad yo xepur
TOTBUTUISGED 1UBYBUOYH vm N 20 M/M A 204 uoTjenby

Jo n
LUBTOTIIS00 SETAVINYA XYOLVNYIdXE

SHOIIYNOE HEOUOAIC CHIVHILSE : € WIEVE



57.

per head. However, the number of dependents per married female is the only
significant variable at the 5 per cent level and the ®  value was only

0.59.

The performance of the propensity equation is satisfactory, but
that of the mesan and varience equations is less so. The only significant
coefficient in the latier equation is that for the mumber of dependents per

ried female. Over the 1950's increases in the propensity te divorce
were predominantly composed of increases in the sge specific divorce rates
for persons aged 40 years and older but from 1965 onwards the rising
propensity to divorce reflected a relative rise in divorce rates at younger
agesi. Thig initial impetus %o diverce among older couples may have

reflected an increasing readiness io divorce amongst those whose dependents

had grown up, while the rise in divorce amongst younger couples 4id not
oceur until the number of dependents per merried woman fell. Thus,
although the number of dependents iz able %o capbure some of these effscts

on the %iming of divorce it is not able to sccount for all the detsils of

the changes.

5.4 The Labour Force Participation Rate Eguations

The estimated eguations for the labour force participation
rates of married women aged {5 to 24 years and 25 to 54 years are presenied
in Table 4 while those for married women aged 5% years and over, and for

unmarried women aged 15 to 24 yesrs, 25 to 54 years and 55 years and over

1. See Pamelsa Williams, op. ¢it., SBection 3.2.
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are presented in Table 5. The actuasl and estimated values for all the

labour force participation rate equations are illustrated in figures A2.17 to

A2.22 of Appendix 2.

The lsbour force participation rates are itransformed before
‘ P*
estimation' and it is the transformed variables, 34 which enter the
estimated equations in log-linear form. The transformed variable is

defined as:

e
e
ot
it

® ~ P
. ﬁiﬁ//l(l li

where

is the labour force participstion raite for women of

the ith age and jth marital status group;

is the corresponding transformed variable; and

®4,15.24 15 the education participation rate of ummarried

woman aged 15 to 24 years

1. Bee Section 3, pp. 34-35.
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Thus, the elasticities of the labour force participation rete with respect
to each explanatory variable are no longer simply the estimated
coefficients of that explanatory variable in the appropriate equation but

instead are:

L = azn(zij) adn(x,)

Ed
= (1-£. }3fn fn(X i, ¢ -
(1 Eij)n (ﬁija//BLn(.k) for i, 3 # u, 15-24

*
and = Oebngge s

*
Mu,15-24,k 5 78y 15024 £u,15_24)/[1 Ay, 15260 M 15004,k

’

*
where nijk is the estimated coefficient (that is, the elasticity of the

transformed variable with respect to the explanatory variable) in the
equation for the jth age and ith marital status group. The elasticity
of the labour force participation rate of umnmarried women 15 to 24 years

with respect to their education participation rate is:
n = e -
u,15-24, ¢ u,lS-Z&//{l ®u,15-247

Thus, the elasticities of the labour force participation rates vary
according to the level of the participation rate. At low participation
rates, the elasticifies will be close to the values of the corressponding
estimeted coefficients, but will decline with increasing participation
rates. As these rates approach their ceiling values (unity, except in the
case of uumarried women aged 15 to 24) the elasticities tend to szero. The
values of the multiplicative factors used in ealculating the elasticities

~

for selected years are given in Table 6. Where relevant, the elasticity
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with respect to the education participation rate is also shown. Excluding
15-24 year old unmarried females, these factors range from just under

one te just over one quarter. TFor the excluded group, the multiplier is
0.4 in 1921/22 and the elssticity, with respect to the education
participation rate, is 0.09. By 1975/76, this multiplier has diminished %o
0.04 and the elasticity, with respect to the education participation rate,
has risen to 0.47. Thus by the end of the sample period, it is only with
respect to those variables with very large estimaied coefficients that the
elasticities of labour force participstion will be comparable in sige to
the elasticity with reaspect to the education participation rate. In
interpreting the estimated equation for ummarried women sged 15-24 yesrs it
should be remembered that the dominant influence towards the end of the
sample period is the education participation rate of this group. This is &

particulerly important consideration for out-of~sample projections.

Overall, the labour force participation equations it well with
r%'s greater than 0.92 for five of the estimated equations, but only
0.79 for unmarried women aged 55 years and over. The estimated
coefficients for married women are nearly all significant at the 5 per cent
levely for unmarried women, however, fewer of the coefficients are well
determined. With a few exceplions, the signs of the coefficients are in

keeping with & priori expectations.

The signs of all the estimated coefficients in the equations
for married women are in keeping with our expectations, excepting that of
the oral contraceptive usage varieble in the equation for the labour force

participation rate of married women aged {5 to 24 years. However, this



64.

coefficient is small and insignificant at the 5 per cent level. 4 positive
‘relationship exists between the labour force participation rates of married
women aged 15 %o 24 years and 25 to 54 years and the total demand for child
quality, while a negative relationship exists between the labour force
participation of these groups and the weighted nuptial confinement rate.
The coefficient of the oral contraceptive usage rate is significant and
positive for married women aged 25 to 54 years. The coefficients for the
female wage rate, and for the indicator of the demand for female labour,
are both positive in all the equations for married women, while the
coefficients for the unemployment rate are negative for the two younger
groups of married women {indicating that the "discouraged worker® effect
dominates in these groups), but positive for the older group. This
"encouraged worker" effect for older married women may reflect the
substitution by households at high levels of unemployment of participation
by females for that of older men who experience greater than sverage
difficulty in finding new employment. The real old age pension rate has a
small and, as expected, negative relationship with the participation rate
of older married women but the coefficient is not significant at the 5 per
cent level. The dummy for World Var II increases the participation

rates of married women aged 15 tof§4 years, but the coefficient is small,
negative and insignificant in the eguation for married women 55 years and

over.

In summary, the influence of fertility on the participation
rates of young married women is such as to discourage them from working in
the years soon after the birth of their children, but then to encourage
them to undertake paid work in order to supply the level of child services

demanded for their children. The oral contraceptive variable has the
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expected effect for the case of married women aged over 25 years, but not
in the case of younger married women. Given that the influence of this
variable must be reflected to a considerable extent in the first nuptial
confinement rate, its status in these equations is less clear than is

desirable.

The participation rate equations for married women provide a
plausible interpretation of the relationship between labour market
participation and fertility, the real female wage rate, overall labour
demand, unemployment, and the real old age pension. The performance of the
equations for other unmarried women, however, is not as satisfactory. The
majority of coefficients are not significant (despite high R® values).

The coefficients for the real female wage rate display the expected
positive signs in all eguations but the only significant case is the
equation for unmarried women aged 25 to 54 years. The coefficient for
labour demand is positive for the youngest and oldest age groups but has a
perverse negative sign for the women aged 25 to 54 years. However, none of
these coefficients are significant. Similarly, none of the coefficients on
the unemployment rate are significant, although the estimates suggest &
small "discouraged worker" effect for the 4wo younger groups and & small
“encouraged worker" effect for the other women aged 55 years and over. The

latter is unexpected but not significant.

As expected, the resl old age penaion has a significant
negative effect on the participation rate of ummarried women aged 55 years
and over. Further, the real old age pension is estimated to have a greater
effect on the participation rate of old ummarried women than on that of old

married women.
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6. HISTORICAL PERFORMAKCE OF THE MODEL

ks a test of the overall performance of the model, each of the 22
equations in the model has been simulated over the sample pericd, assuming
perfect knowledge of the predetermined variables. The time paths of both
the actual and estimated values of the endogenous variables are illustrated
in Figures A2.1 to A2.22 of Appendiz 2. In this section we present an
explanation of the historical changes in the endogenous variables in terms
of the chenges in the explanatory verisbles' and their effects on the

estimated values calculated by the model.

6.1 The Fertility Variables

The performance of the equation for the mean implied completed
dize is poor, especially after World War II. The estimated equation for
the variance of jmplied completed family size also fails to track very
precigely in the post~War peried, although it does capture the general
secular decline exhibited over most of the sample period. Because of the
failure of the eguations for the mean and variance to track satisfactorily
over the sample period, it is not possible to offer the model as providing
plausible explanations of the movements in these varisbles. However, the
performances of the first nuptial confinement rate equation and the "child

quality” equation are very satisfactory.

{. The explanatory variables are tabulated and plotted in Clive Brooks and
Dennis Sams, "Tables and Graphs of the Datebase for a HModel of
Fertility, Marriage, Divorce and the Labour Force Participation of
Australian Women", IMPACT Research Memorandum, BACHUROO HModule,
November 1981.
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Throughout the sample period, the changes in the actual rate of
first nuptial confinements have closely followed those of the weighted
number of first marriages per married women aged {5 to 44 years and the
latter would appear to be sufficient to explain the movements in the
estimated confinement rate. However, on average only about one third of
the year-to-year percentage change in the weighted marriage varisble is
transferred by the model into variations in the first nuptial confinement
rate. The movements are alss influenced by positive contributions from the
rising real GDP per head and the falling infent mortality rate and negative
contributions from the rising real old age and invalid pension and the real
female wage rate. By thg end of the period, the direct effect of the
contraceptive variable is to adjust the first nuptial confinement rate to a
level 5 per cent below what it would bave been if the contraceptive

variable had not increased afier 1961/62.

Over the sample period, the "child quality” index has generally
risen with & sieeper rise after World War II. In the pre-War pericd, the
growth in the estimated index arises principally from the growth in real
GDP per heed and the decline in the infant mortality rate, while over the
period 1924/25 4o 1931/32, the fall in the infant mortality rate is
sufficient to overcome the depressing effect of the fall in real GDP per
head. The greater rate of increase in the index after World War IT arises
from the accelerated growth in real GDP per head and the rigsing real female
wage rate. The rapid rise at the end of the period is due to the Joint
effect of a rapid rise in the real female wage rate and an increase in the

rate of decline of the infant mortaliity rate.
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6.2 The Marriage Variables

In general, the marriage eguations are successful in capturing the
historical movements in the propensities, mean age and variances in age of

the three types of marriage‘.

The propensity to first marry increased slightly from 1921/22 to
1927/28, then declined before following a rising trend from 1932/33 4o
1957/58 except during the War and its aftermath when there was a pronounced
rise followed by a fall. From 1958/59 onwards, the propensity declined,
initially slowly snd then at a greater rate after 1971/72. Prior to World
War II, the estimated propensity is determined predominantly by the level
of real GDP per head, while after World Waer II, the propensity is increased
by the growing demand for “child services" as well as by rising real GDP
per head but this increase is opposed by the rises in the index of female
educational attainment and the relative female/male wage rate. Afier
1957/58, the effect of rising educational attainment dominates and the
propensity begins a slow decline which accelerates with the rapid increase
in the relative wage at the end of the period. The rapid rise in the oral
contraceptive usage variable after 1960/61 causes the estimated value to

overreact and the equation seriously underestimates in the early 1960's.

Similarly, the movements in the estimated mean age and variance
in age of firset marriage can be explained by the movements in the same
variables as for the propensity excepting that the influences all have the

opposite effect. Before the War both the mean age and variance in age

1. See Pamela Williams op. cit., for a detailed discussion of the
historical movements of the marriage variables.
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rise with the decline in real GDP per head during the Depression and then
fall as incomes recover. After the War, they continue to decline because
of the effect of rising real GDP per head and the increasing demand for
child services, until rising female educational attainment dominates and
the mean age and variance in age begin to rise with increasing
encouragement from the rising relative wage rate. The rapid rise in the
contraceptive variable caused the equations to overestimate in the early

1860 's.

The propensity of divorcees to remarry rose from 1921/22 then fell
in the Depression years before rising to a peak in 1949/50, followed by a
slow decline 4o 197%/74 and an accelerated decline thereafter. The mean
age of remarriage of divorcees followed a generally declining trend to
1956/57 then & fluctuating upward trend to 1975/76, while the variance
folloved a more variable course finishing in an upward trend after 1959/60.
Prior %o the War, the dominant influence on the estimated values of the
propensity is the real GDF per head. After the ¥ar, the effects of rising
real GDP per heed and the rising demand for child services ave offset by
the inerease in the indicator of female educational attaimment. The net
effect is for the estimated propensity to remain moderately conetant from
1951/52 to 1961/62 then to decline rapidly to a lower level in the early
1960's because of the rapid rise in the coniraceptive variable. However,
this sudden drop is not matched by the actual values so the eguation for

the propensity tracks very badly for this period.

The gradual fall in the estimated values of the mean age of
divorcees to remarry from 1921/22 to 19%9/40 is due %o the negative effect

of the increasing demand for child services which is opposed by the



positive effects from the rises in real GDP per head and the index of
fémale educational attainment. The rapid decline in %he immediate post-War
years comes from the sharp fall in the index of female educational
attainment. From 1851/52 io 1967/68, the estimated values rose because the
positive effects of the increasing real GDP per head end female educational
attainment dominated the negative effect of the rise in the demand for
“child mervices". After 1971/72, s negative effect from the rise in %he
relative female/male wage rate caused the sstimated value to decline and

diverge from the actuasl values for this period.

The remarrisge of widows variables exhibit similar movemenis io
those for remarriages of divorcees except that the propensity fell more
dramatically from the early 1960's due fo the greater effect of the rising
educational attaimment index and the rising contraceptive usage variable,
while the mean and variance show & more pronounced rise than ithat for
divorcees from the joint effect of rising real GDP per head and sducational

attainment.

6.3 The Divorce Variables

The estimated equation for the propemsity %o divorce performed
very well in caplturing the changes in this varieble over the sample period.
However, the equations for the mean age and the variance in age of divorce
did not track very well, although they did capiure the broad movements in

these variables.

The actual values for the propensity to divorce followed a
slightly declining trend from 1950/51 to 1960/61 and then an increasing

trend for the remainder of the sample period. This increasing trend was
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slight at first but accelerated after 1973/74. The estimated values for
the propensity to divorce fell gradually from 1950/5%1 to 1956/57 mainly
because of the effects of a rise in the number of dependents per married
female, & slight drop in the real widows' pension and a small fall in the
female/ male relative wage rate. From 1956/57 to 1964/65, the estimated
values remained constant due to the offsetbing effecis of rises in the
number of dependents per married woman and the real widows' pension, but,
éfter 1964/65, incressed because of a decline in the number of dependents
per married female, a rise in real GDP per head, a rise in the real
widows' pension, and ~ especially after 1970/71 - & rise in the relative
female/male wage rate. The peak in 1975/76 is produced by the dummy

variable for the Family Law Act.

The mean age of diverce increased from 1950/51 to 19%4/55, fell
from 1955/56 to 1958/59, then underwent a major rise and fall over the rest
of the period with a maxiwum in 1966/67 although there was an sbruph drop
in 1965/66 and a rize in 197%/76. The variance in age of diveorce erhibits
a similar set of changes over the sample peried. The increasing trend in
the estinmated vaiues for 1950/51 to 1966/87 erises principally from the
positive effects of rimes in the number of dependents per married woman and
the real widows' pension which are sufficiently large to offset the
negative effect of rises in the real GDP per head. After 1966/67, the
estimated values fall because of the fall in the number of dependents per
married woman while the other variables continue %o have a positive effect.
The model fails to explain the rise and fall in the mean age and the
variance in ege from 1950/51 to 1958/59, but the explanation for the major

movement does seem plsusible although the success is limited.
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6.4 The Labour Force Participation Rate Variables

The performance of the lsbour force participation rate eguations
are satisfactory for all six of the marital status/age groups. The
participetion rates for married women have risen for most of the sample
period except for the rapid fall after the War. In the pre-¥ar period, the
principal influences on the estimated participation rates for married women
aged 15 to 24 years and 25 to 54 years are the falling weighted nuptial
confinement rate, and the fall in the demand for female lsbour and the rise
in unemployment during the Depression. The rise in the estimated rates
during the War years arises simply from the dupmy variable and the rise in
the index of the demand for femele labour. After the Yar, the rising
demand for female labour and for "child services” plus the increasing real
female wage rate encourages these married women into the workforce, while
the fluctuaiions are due mainly to changes in the unemployment rate. After
1961/62, the weighted nuptial confinement rate declinpes and this, together
with the increases in the demand for "child services”, the real female wage
rate and the demand for female labour, causes the estimated values to rise
%rmemmmwrﬁtMsmﬂemﬂw.AtmemdﬁtMpmetm
estimated rates exceed the actual rates because of the rapid rise in the
female wage rate at this fime. The changes in the estimated participation
rates for married women aged 55 and over, arise nearly entirely from the
changes in the demand for female labour except at the end of the period
when the rapid rise in the real female wage rate causes a rapid rise in the

estimated rate.

For unmarried women aged 15 to 24 years, the movements in the
estimated values before the War arise almost entirely from movements in the

indicators of the demand for female labour, while, after the War, the
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influence of the education participation rate dominates and the estimated
rate falls steadily from 1947/48 becsuse of the rise in this variable. The
principal determinant of the rate for umnmarried women aged 25 to 54 yesrs
is the rising real female wage rate with some small changes caused by the
changes in the unemployment rate and the demand for female labour. The
movements in the estimated rate for unmarried women aged 55 years and over
are produced by the rising real old age and invalid pension, which is
causing the pariticipstion rate to decline, and %hevfising real female wags
rate and demand for female labour which nearly offset the former effect.
The decline in the War years is produced b§ the War dummy, while the
greater rate of decline from 1972/73 to 1975/76 is csused by the rapid rise

in the real old age and invalid pension over these years.
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7. CONCLUSIORS

This paper contains the specification and estimation of an
econometric model of fertility, marriage, divorce and female labour force
participation for Australian women based on data from 1921/22 to 1975/76.
The model derives its inspirations from the "new home economics” and from
the previous model of Filmer and Silberbergl, and illustrates the
appropriateness of this approach both fo modelliug demographic behaviour
and to including the influence of fertility variables in a simulianeous

model of female labour force participation.

Two principal justifications for the work reported in this paper
were to improve on the specification of Filmer and Silberberg and thereby
to develop an sconometric model of demographic and labour force behaviour
suitable for interfacing with the IMPACT Population Projection Facility.
Although the model reported above has sevsral weaknesses, it does provids a
suitable vehicle for integration with the Population Facility. It also
will allow further investigations of economic~demographic interactions

within a simultaneous framework.

The least satisfactory element of the economeiric model is the
poor performance of the mean implied completed family size equation. In
order ito improve on the model's performance in this area we need to develop
a fertility model which allows for changes in both the desired completed

family size end in the life cycle timing of confinements.?

1. Filmer and Silberberg, op. cit..
2. For an econometric model which does take account of this see Ward and

Butz, op. cit..



7.

As can be inferred, without any need for formal testing, from
inspection of Figures A2.1 to A2.22 of hppendix 2, sérial correlation in
the residuals is very pervasive in the results. Doubtless the within-
sample tracking of the endogenous variables could be improved by using any
of the stsndard statistical approaches. It would be preferable (although
more ambitious} to sttempt to correct the problem by identifying those
weaknesses in the data and/or the specification regponsible for the

observed autocorrelation.

However, ut this stage, it is planned to incorporate the
econometric model reported here into the IMPACT Bopulation Projection
Facility and to report the resulis of the integrated simulations in

forthcoming papers.
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APPERDIX 1 : THE VARIABLES APPEARING IN THE MODEL

TABLE Al.l : ENDOGENOUS VARIABLES OF THE ECONOMEIRIC MODEL

Fertility:

Mean implied completed family size

Variance of implied completed family size

Child quality proxy

First nuptiel confinements per thousand married

females aged 15 o 44 years

Harriage of females:

Index of propensity to
first marry
remarry for divorcees

remarry for widows

Hean of the age distribution of age specific rates of

first marriage
remarriage of divorcees

remarriage of widows

Variance of the age distribution of age specific rates of

first marriage
remarriage of divorcees

remarriage of widows

Divorce of females:

Index of propensity o divorce

Mean of the age distribution of age specific rates

of divorce

Variance of the age distribution of age specific rates

of divorce

@)

r
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TABLE A1.1 : {(Continued)

4. Female Labour Force Participation Rates:
Harried females aged 15-24 years (Em,ls-ZQ)
Married females sged 25-54 years (Em,25—54)
Married females aged 55 years and over (gm,55+3
Unmarried females aged 15-24 years ££u,15*24)
Unmarried females aged 25-54 years (ﬂu,25‘54)
Unmarried females aged 55 years and over (ﬁu,55+)
TABLE Al.2 : EXOGEROUS VARIABLES OF THE ECOKOMETRIC HODEL
1 Weighted first marriages of femsles per thousand married (%)
females aged 15 to 44 years
4 Weighted nuptial confinements per thousand married AL
females aged 15 1o 44 years (el
3 Children under 15 years per married female
15 years snd over (K3
4 The oral contraceptive usage rate )
5 The infant mortality rate (¢}
6 Real gross domestic product per head M
7 The real female hourly wage rate (W)
8 The female/male relative hourly wage rate (/)
9 The real old age and invalid pension (G,)
10 The real widows' pension (Gy)
19 The unemployment rate (u)
12 An indicator of demand for female labour Ly
13 4n indicator of female educational attainment (E)
14 The education participation rate of other females (e 3
aged 15 to 24 yesars u,15-24
15 The dummy variable for World War IT (ZZ)
16 The dummy variable for the immediate post War period (21)
17 The dummy variable for conscription (23)
18 The dummy variable for the Family Law Act [24)

19 The dummy variable for the widows' pension - @)
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