tmpact Centre

The University of Melbourne
153 Barry Street, Carlton
Vic, 3053 Australia

Phones: (03) 341 7417/8

Q :
il
Telex: AA 35185 UNIMEL
Telegrams: UNIMELB, Parkville

|

i

{MPACT is an economic and
demographic research project
conducted by Commonweaith
Government agencies in
association with the Faculty of
Economics and Commerce at The
University of Melbourne and the
School of Economics at La Trobe
University.

THE IMPACT POPULATION PROJECTION FACILITY :

A NON-TECHNICAL OVERVIEW

by

Dennis Sams

and

Pamela Williams

IHMPACT Research Centre

Working Paper No. B-22 Melbourne August 1983

The views expnessed in this papen do

:Mn necessarnidy reflect the opinions

of the panticipating agencies, non
of the Austnalian government

ISBN 0 642 52394 ¢






Contents

PREAMBLE
THE MEDIUM TERM MODEL

A CONSISTENT FRAMEWORK FOR THE PROJECTION
OF DISAGGREGATED POPULATIONS

3.1 Consistency in Population Projections
3.2 Disaggregated Population Projections

3.3 The Integration of Disaggregated Vital
Flows within this Framework

3.4 The Integration of Fertility within
this Framework

THE ECONOMETRIC MODELS

4.1 Fertility, Marriage, Divorce and
Female Labour Force Participation

4.2 Household Formation

SUMMARY

PERSPECTIVES FOR FURTHER RESEARCH
FOOTNOTES

REFERENCES

FIGURE 1 Simplified Diagram of Medium
Term Model

Page

13

17
17

19

20

23

24

26






28

Sams, Dennis C., Lynne $. Williams, Pamela J. Williams and Jim D.
Stevenson (1981) ™A C{omparison between the ABS Population
Projection 1980-2001 and a Compatible Projection using the IMPACT
Population Projection Facility", IMPACT Preliminary Working Paper

No. BP-27, University of Melbourne, July.

Sams, Dennis and Pamela Williams (1982a) “Some Projections of
Australian Population and Labour Force, 1980 to 2001", IMPACT
Preliminary Working Paper No. BP-30, University of Melbourne,
May.

Sams, Dennis and Pamela Williams (1982b) “A User's Guide to the IMPACT
Population Projection Facility", IMPACT Research Memorandum

BACHUROO Module, November.

Sams, Dennis and Pamela Williams (1983a) "Demographic and Economic
Influences on the Size and Composition of the Australian Labour
Force, 1980-2000", IMPACT General Paper No. G-44, University of
Melbourne, June. -

Sams, Dennis and Pamela Williams (1983b) “The Demographic Impact of
Migration on the Future Growth of the Australian Population and
Labour Force", IMPACT General Paper No. G-45, June.

Sams, Dennis and Pamela MWilliams (1983c) “An Economic-Demographic
Model - of Australian Population, Labour Force and Households",
IMPACT Working Paper No. B-18, University of Melbourne, August.

Spencer, Geraldine (1974) “Projecting Australia's Fertility", Austral-
ian Journal of Social Issues, Vol. 9, No.4. .

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

Williams, Pamela and Dennis Sams (1981) "Household Headship in
Australia: Further Developments to the IMPACT Project's Fconomet-
ric Model of Household Headship", IMPACT Preliminary Working
Paper No. BP-26, University of Melbourne, AugUst.

Williams, Pam, Clive Brooks and Dennis Sams (1980) "The Data Require-
ments of the Population Sub-module of the Demographic Core”,
IMPACT Research Memorandum, BACHURQO Module, May.

Williams, Pamela and Dennis Sams (1982} ‘“Household Formation :
Implications for Australia's Future", IMPACT Preliminary Working
Paper No. BP-28, University of Melbourne, February.

Williams, Pamela, Dennis Sams and Vin Martin (1982) "Preliminary
Projections of Victorian Household Formation®, IMPACT General
Paper No. G-43, December.

THE IMPACT POPULATION PROJECTION FACILITY :
A NON-TECHNICAL OVERVIEW

by

Dennis Sams
and
Pamela Williams

1.  PREAMBLE

A facility for the projection of the Australian population,
hereafter referred to as the IMPACT Population Projection Facility, has

completed a first round of development at the IMPACT wsoumOﬁ.d

The initial
version of the Facility was released for use by policy analysts in December
1982. Although Australia is already well serviced by the Australian Bureau
of Mﬁmﬁwmﬁinmm in the area of demographic projections, the public
accessibility of the IMPACT Facility, and the provision of courses for
training personnel outside the Project in its use, make the Facility unigue
in Australia at this time. Several papers illustrating the use of the

Facility are publicly m<m4amc~m_w

The IMPACT Project's approach to population projection possesses
several interesting features which enhance its potential value as a tool for
policy analysis. The basic structure of the Projection Facility is discussed
in Sams and Williams (1983c). This material is not repeated here. Instead,

we focus mainly on the following special features of the Facility:
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2. THE MEDIUM TERM MODEL

An unusual and distinctive feature of the IMPACT Population
Projection Facility is that it has been designed as an integral part of an
economic model; namely, the IMPACT Project's medium term model of the
Australian economy. The medium term model will consist of three linked
modules: a macroeconomic module, z>nmowa an industry structure module,
cx>szm and a labour supply module, w>n::xoo.m The interconnections between

the three modules are shown schematically in Figure 1, taken from Powell and

Parmenter (1979).

The medium term model is designed as a dynamic system to respond
to external conditions and to allow interconnections and feedbacks between
the macroeconomy, industry structure and the labour market. Once it is
supplied externally with initial values for the endogenous variables at the
beginning of the projection period and with the values of the exogenous
variables during the period, its equations can be solved simultaneously to
give projections of the endogenous variables throughout the period. Because
of this design feature, the medium term model will be able to provide fully
consistent projections of economic and amaomxmv:*n variables. However,
despite provision for these interconnections, the three modules of the
medium term model have been designed to allow individual solution, so that

they can be used independently for specific policy simulations.

The Population Projection Facility is contained within the labour

supply module, BACHURDO. BACHUROO 1is designed to determine the size and
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FOOTNOTES

For a full non-technical discussion of the IMPACT Project, see
Powell {1977), Powell and Parmenter (1979), and Powell (forth-
coming 1983).

See, for example, Australian Bureau of Statistics (1982).

For example, see Sams and Williams (1982a), Williams and Sams
(1982}, Williams, Sams and Martin (1982) and Sams and Williams
(1983a) and (1983b).

See Bacon and Johnston (1976), Cooper and Mclaren (1980), and
Cooper (1983).

See Dixon, Parmenter, Sutton and Vincent (1982).
See Powell (1983).

See Craigie, Parham and Ryland (1979), and Powell, Parham, Sams
and Rimmer (1982).

Female labour force participation rates are projected as part of
an econometric model reported in Section 4.1 of this paper, and
reported more fully in Brooks, Sams and Williams (1982). At this
stage in the development of the Facility, male labour force
participation rates are supplied exogenously.

Households are projected as part of an econometric model of
household headship rates reported in Section 4.2 of this paper,
and more fully in Williams and Sams (1981).

See Brown and Hall (1978) and (1980) and Williams, Brooks and
Sams (1980).

Data for the period 1976/77 to 1980/81 have recently become
available, but have not as yet been published.

The marital status definitions adopted are as legally defined
and as available in the Demographic Databank. Although it would
be preferable to adopt a disaggregation which included the
marital states of permanently separated and de facto marriage,
data on these states are not readily available.

For a full description of this technique and a report of its use
for the marital status changes of females and males over the
period 1921/22 to 1975/76, see Williams (1981).

These data are available from various issues of publications of
the Australian Bureau of Statistics, Demography (to 1971),
Marriages (from 1972), and Divorces (from T97%2)-

7

skill composition of the labour force’ by using an integrated framework of

demographic accounting which supplies consistent estimates of Australian

8 and 3o=mmzoaam.m Projections of the labour force

population, labour force
and number of households are of interest in their own right, but are also
potentially important in linking with labour demands from, and in supplying

household expenditures to, ORANI and MACRO.

The Facility has been developed in the context of this framework
and is fully consistent with it. Specifically, population projections are
derived from a model which takes into account interrelationships between
marriage, divorce and fertility, and which explicitly incorporates important
enconomic and social influences on family formation behaviour. As well, the
econometric models projecting labour force participation and household
headship rates are subject to the same economic and demographic scenarios as

those determining the population projections.
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population levels on the one hand, and economic variables such as the size
of the labour force and the number of households on the other. Fach
endogenous variable  projected by the Facility may be subject to the
influence of other variables calculated within the Facility itself,
projected elsewhere within the IMPACT medium term model, or supplied
externally. Although detailed, the structure of the relationships incorpora-
ted into the Facility is sufficiently clear to allow full explanation of the
economic-demographic interactions which underlie projections made with it. A
challenge facing users of the Facility is to exploit to best advantage the

potential transparency of the mechanisms involved.

human attitudes and behaviour, such as changes in the size of family
desired by couples and changes in the attitudes of young people towards
marriage. These behavioural aspects of demographic events are determin-
ed via econometric models which relate certain demographic summary

statistics to economic and social variables.

Thus, the Population Projection Facility has been designed to
provide a tightly integrated framework which will ensure that accounting
identities are mcmoawdwnwdak maintained, that current demographic events are
directly influenced by the age and marital status profile of the population,
and that econometric techniques can be applied to explain the less tangible
features of demographic change. The nature of this framework is the subject

of this section.

3.1 Consistency in Population Projections

The analysis of population is made easier by the well-defined
relationships existing between stocks and flows. One of the strengths of the
demographic accounting approach adopted in the Population Projection
Facility is that it replicates the processes whereby population stocks, for
each sex, age and marital status, change according to the numbers of births,
deaths, migrant arrivals and departures, marriages, divorces and widowings.
For instance, in each year the number of never married women at each age is
decreased by the number of first marriages, deaths and migrant departures
and increased by the number of migrant arrivals. At the same time, these

first marriages will increase the number of married women at that age.

Similarly, the deaths of married men will result not only in a reduction of
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5.  SUMMARY

The Population Projection Facility of the IMPACT medium term
model provides projections of the Australian population, labour force and
households by sex, age and marital status within a tightly integrated
framework which respects demographic accounting identities and which
faithfully tracks through time the effects of changes in the age and marital
status profiles of the population, but which allows reasonable latitude for
demographic events to be influenced by changing economic and social
conditions. This approach is made feasible by the condensation of the time
series of changes in important demographic variables into a manageable set
of descriptive statistics which are amenable to econometric modelling and
which, therefore, are available for forging links between demographic
changes and wider economic influences. By allowing this technique to
separate the effects of changes in behaviour from changes in the demographic
structure of the population due to ageing and previous history, the Facility
has simplified the task of the econometric models by limiting their role to
capturing behavioural changes and not those arising from mechanical changes
in population mﬁwcnﬁcxm” An econometric model is available which may be used
to relate amnﬂmdozm concerning marriage, divorce, fertility and labour force
participation to each other and to economic and social variables. A further
econometric model provides estimates of household headship rates and, when
combined with the projected populations, provides projections of the number

of households.

The Projection Facility has been established as an interactive

suite of computer programs incorporating the features described in Sams and

{from 0 to 100+), and four marital states (never married, married, divorced
and widowed). Data at this level of disaggregation are available from the

Australian Demographic cmﬁmam:x“o

which provides annual estimates of the
Australian population, and all the required marriages, divorces, widowings,
births, deaths and migrant arrivals and departures necessary for consistent
updating of population estimates from one year to the next, for the period

1921/22 to 1975/76 ).

The level of disaggregation available in the Databank has been

maintained in the Facility for several reasons.

Firstly, the chosen level of disaggregation allows a greater
flexibility in future uses of the Facility in that users can determine
at a later stage the level of aggregation required for particular

applications.

Secondly, it was considered desirable to take explicit account of
the age dependence of demographic events, since shifts in the age of
occurrence of events were thought to be an important characteristic of

Australian demographic change.

Thirdly, an annual model is required for integration with the

IMPACT medium term model.

Fourthly, the Facility maintains the disaggregation by single
year of age since it is convenient to update the population projections
by single years of age in a single year. {The subsequent problems of
managing large amounts of data can be handled without difficulty by a

technigue to be discussed later.)
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demands for children can be manifest either as a change in the number of
children or a change in the quality of their life. The demand for increasing
quality with regard to children can influence both the rates of marriages
and the number of women willing to participate in the labour force.
Participation within the labour force can influence the demand for children
and child quality. Married women can choose between work in the home, in the
tabour force, or leisure; the choice is modelled as being influenced by the
opportunities, costs and benefits to be expected from each of these. Thus
within the mmnﬁw%ﬂ%, decisions concerning marriage, divorce and fertility

are closely related to decisions affecting the supply of labour.

Further details of the current version of the econometric model
can be found in Brooks, Sams and Williams (1982). The equations of the mode!
are presented in that paper, where its performance in reproducing observed
historical changes in demographic variables is assessed by the authors.
Whilst this model was reasonably successful in describing Australian
demographic change over the period 1921/22 to 1975/76, it has several
weaknesses. Criticisms relating to the modelling of fertility have been
mentioned above. Also, the labour force participation model is incomplete,
as the rates for males are not modelled at all, whilst those for females are
modelled at a very aggregate level (that is, for only three age groups and
two marital states). To fully represent changes which have occurred, or are
anticipated to occur in labour force behaviour, a model disaggregated by
sex, eight age groups and two marital states would be preferable. Of more
importance, the simple log-linear structure of the equations of the model,
and its limited simultaneity between endogenous variables, does not enable

it to capture adequately the complex relationships between demographic,

1

For first marriage, divorce and remarriage, the technique used
approximates the age specific rates for each vital flow in each year by a
smooth curve across the age distribution. This smooth curve, or model
schedule, can be determined in each case by a few descriptive mﬁmnﬁmﬁ‘nm.dw
For example, first marriages are calculated by approximating the proportion
of first marriages to unmarried persons at each m@m.wk a smooth curve which
rises steeply at young ages, peaks in the early twenty year old age group
and then falls away slowly for older ages. The position and width of this
smooth curve in wsz year is summarized by its mean and variance, and its
scale is determined by a third statistic, which is named the propensity.
When projected using econometric techniques, these three ammnwavn4<m time
dependent parameters - - in this case the mean age and variance of age at
first marriage, plus the propensity to first marry - - allow individual
rates of first marriage at each age to be reconstructed. All marital status
changes are projected using the same approximating technique but with smooth

curves appropriate to each.

To maintain consistency in the projection of marital status
changes, it 1is necessary for each marriage or divorce of a woman (man) to
result in a corresponding marriage or divorce of a man (woman). To this end,
the Facility includes two-sex marriage and divorce models, documented in
Sams (1981}, which utilize historical information concerning the correla-

tions between the ages of divorcing partners and between the ages of brides

and grooms for each <mm1.~b

Within the two-sex marriage model, a marriage
selection rule determines the distribution of marriages according to the
ages of each partner. While the male and female preferences for unions

involving a woman and a man of given ages essentially are regarded as being
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fully capture both the demographic influences upon fertility and the 3.4 The Integration of Fertility within this Framework
sequential nature of decisions regarding fertility. In the meantime, users

of the Facility may omit the econometric model of ﬁmﬂﬁ*gﬁﬁk‘ and specify Projections of fertility within the Facility can be made in

their own age specific confinement rates. either of two ways:

(i)} using the econometric model of fertility, marriage, divorce
and female labour force participation. This treats the decision to have
children as a sequential process, in which the decision to have
children ww.mdd (that is, to have a first nuptial confinement) and
subsequent decisions to have additional children are treated separate-
ly. Given a chosen scenario of economic growth, the econometric model
projects the first nuptial confinement rate, which is applied to the
number of married women to derive the number of first order
confinements, and the mean and variance of implied completed family
size, which are used to calculate parity progression ratios (that is,
the probability that a woman with a given number of previous
confinements will have at least one further no:mﬁzmsm:nv.du These
parity progression ratios can then be used to determine the numbers of
second, third and higher order nuptial ,uiwa:m in any given year.
Ex-nuptial births are calculated simply as an exogenously determined

proportion of the number of nuptial births;

(i1} wusing exogenously specified confinement rates disaggregated by
age of the mother or by age and marital status of the mother. These
confinement rates are applied to the appropriate populations of married
and unmarried women of each age. The age specific nuptial confinement

rates can be further disaggregated by birth order, but (as data on
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