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Overview 

Businesses and governments require estimates of the future expectations for populations 
and their economic outlook. Some forecasts will need to be broken down by region, within 
the country concerned, in order to cover aspects such as the need for retirement 
accommodation, suitable sites for major capital works,the demand for education facilities. 

Whilst any forecasts involving humans are invariably open to challenge, some attempts 
must be made. This paper looks at the development of a model for Australia. The 
techniques are based around the premise that micro-simulation techniques (in which 
individuals are projected, rather than aggregates) are a suitable means for the exercise 
considered. 

This brings with it the need for significant assembly of data, the fitting of models to the 
parameters derived, and the creation of suitable projection and reporting tools.This paper 
addresses some of the problems, and illustrates some results from progress to date. 

Microsimulation techniques 

A number of researchers (e.g see Orcutt et al 1976) have preferred microsimulation 
techniques for dealing with complex demographic problems. The basic idea is that rather 
than working with grouped data, a model is constructed using individual data. For example. 
a database might be constructed with a 1 in 100 sample of the intended population, in 
which all the characteristics of an individual are assigned a particular record. 

The intention is to avoid some of the complexities of attempting to deal with fractional 
groups, as is necessary when allowing e.g. for mortality with grouped data. It is also 
possible to reflect a wide range of characteristics in a way which is difficult with grouped 
data. 

The cost is in the detail required to be created and preserved for each individual. In the 
case of families, hypothetical household groups must be created for each individual, 
and mechanisms must be devised for maintaining plausible families as each individual 
ages. 

Demographic forecasts - overview 

Population projections using assumptions about mortality and fertility will be familiar to 
many actuaries. However for this exercise we require a more detailed view of the 
community, and in particular the groups in which people live, and how those groups form, 
move and divide. 



This project seems ambitious in view of the substantial changes that have been seen in 
Australia in recent decades. The 'nuclear family' is no longer the clear norm, the concept 
of marriage as the defining status for heterosexual couples is diminished, and the change 
to the economy has greatly reduced the mobility of youth. The size and speed of these 
changes mean that any projections must be speculative, and requiring some assumptions 
as to the way in which parameters will change into the future. 

At present, the following household types are important, and there is sufficient 
data to enable an assessment to be made of their characteristics : 

Cnde Descriotion 
P Couples with children ('children' here means children 

living with parent(s)) 
D Couples without children 
S Sole parents 
K Dependent children of a couple 
0 Dependent children of a sole parent 
L 'Lone' households (single persons living alone) 
G 'Group' households (none of the above) 

The data for Australia in 1996 was 

Population by residence category 
Households Numbers YO 
Family households 
Lone person households 
Group households 
Not classifiable: Visitors only 121236 1.9 
Total 6402805 100.0 

Families 
Couple family: With children 
Couple family without children 
One oarent familv: With children 
Other family 84241 1.8 
Total Families 4656251 100.0 



Persons 
One family households 

Couple family with children 
Couple family without children 
One parent family 

Numbers % % 

Other family 176182 1.3 1.1 

Total 13802881 100.0 84.6 

Multi-family household 
Lone person household 
Group household 62821 5 25.1 3.9 
Total 2506927 100.0 15.4 
Total 16309808 100.0 

(IRDB 1998) 

Parameter formulation 

Naturally we sought robust parsimonious formulae to describe the various phenomena 
to be modelled. 

The desired features of our parameter set would be a set of formulae, each one 
parsimonious, with both a clear meaning to the terms used, and a justifiable theoretical 
basis. 

None of the formulae used meet those criteria. The best we have been able to do is, in 
some cases, to fit parsimonious models where the parameter values have some 
meaningful interpretation. 

In some cases, as an interim measures, we have used parameters which are justified 
only on the grounds of seeming plausible. 



Fertility 

Fertility rates have been falling in Australia, consistently over recent decades. The Total 
Fertility rate is now around 1.7 -well below replacement level. 

Thorbum (1999) used two different sets of curves to model confinements. of which the 
form described as 'negative form' : K.exp(-b.(55-x-d)).(55-~-d)~a gave more plausible 
results. 

Parameter values in 1997 were 
K 10"-13 
a 13.648 
b 0.653 
d 4.672 

The parameter values were projected using a recurrent formula of the form 
g(t+l) = A.g(t) + B 

for each of the values a,b and d, to give the pattern below. 

Projected Fertility Rates 

Sample values per 1000 are 
Age 1997 2005 2015 2025 

20 42.0 29.7 19.7 14.9 
25 94.1 68.7 44.6 30.7 
30 122.5 104.0 74.4 51 .O 
35 68.0 83.6 80.7 63.3 
40 8.1 23.6 45.6 52.3 
45 0.0 0.8 8.6 23.4 



Other formulae were investigated, and good fits were also obtained for the equation 
outlined for marriage and divorce. 

Mortality 

The falling pattern of mortality is well known, and various attempts have been made to 
estimate the future pattern of increase in mortality. 

The one shown below is due to Thorburn. We have sought simplicity here, in contrast 
to precision, as mortality is not considered to be especially important in regional 
planning. 

Expected age a t  death - Males 

0 10 20 30 40 50 60 70 80 90 1 0 0 .  

Current age 

,+No improvement t 2 5  year Improvement +Century improvement ! , 

Marriagelpartnership formation 

Traditionally, marriage has been the basic force for family creation, and statistics are 
available over several decades as to rate of marriage by age, and the average difference 
of age between male and female. 

Over recent years the trend has been away from formal marriage. The reasons for this 
include the increased rate of marriage breakdown and subsequent dissolutionment with 
the institution, and the increased and increasing recognition under Australian law of the 
status of de-facto couples. 



In view of this, we based our projections on the notion of 'partnership', which seems to be 
loosely defined as cohabiting adults with a long-term relationship. The shape of the curves 
defining rate of formation by age were based on the historical patterns of marriage by age. 
but the overall levels were adjusted to match current levels of cohabitation. 

Marriage statistics are available to distinguish between marriage of those never married. 
widowed, and divorced persons. We have not made such distinctions to date, as it would 
have considerably increased the complexity, and did not seem justified. 

Divorcelpartnership d issolut ion 

The same sort of language applies to divorce. For around 25 years Australian law has 
recognised permanent and irretrievable breakdown (as evidenced by 12 months of living 
apart) as grounds for no-fault divorce. 

Historical statistics are based on marriage, but our view is that the increased definition of 
partnership' will be more useful for the future, and have based projected rates of 
partnership dissolution on the divorce rates to date. 

Marriagelpartnership breakdown is influenced by period of marriage, as well as age. 
However the basis derived by age alone gave a good fit to the data, and so was adopted. 

Marr iageldivorce model l ing - r a t e s  by age 

We are unaware of any standard approach to modelling of marriage or divorce, and so 
we investigated a range of curves. 
Preference was given to curves which 

gave reasonable fits over a range of different data. 
The fewer curve types the better. 

did not behave wildly outside the immediate range of the data. 
Polynomial curves will generally fail this test 

had fewer parameters andlor simpler forms 

For the marriages rates, the curve y = exp(a + blx + dxA2) gave reasonable fit. For 
widowed males the fit was not particularly good, but this seemed to be more a function of 
the data, which were scattered, than the curve itself. 



I 

1 Female marriage rates 1996 
! 

The same curve seemed to do a reasonable job for divorce rates, and so effort was put 
into investigating this class of curves for suitability. 

Advantages 

3 parameters, reasonably simple combination of standard 
functions 

zero when x is zero 

uni-modal, when x = -2db, giving a maximum value of 
exp(a -bA2/4c) 

There are no discontinuities in the range O+ to infinity 

Disadvantages 

No theoretical basis 

Does not go to zero at infinity, but to exp(a). This need not be 
of practical importance if a is large and negative. 
Further, there may be cases when a non-zero final value is 
realistic. 

No apparent meaning to the parameters 



However the formula may be transformed into the following form 

where 
ym is the maximum value attained 
xm is the age at which this value is reached 
When x = 2'xm, y = ym'r, and so r is the rate of decrease in the maximum 
value as x doubles from xm 

This model gave very high r-squared values - often more than 95% - for most 
marriageldivorce rates obtained, and so was used. 

Male divorce rates 1996 



Marriage - age d i f ferences 

Census data produced the following trends 

i Age of bride by age of groom 1 

I 

Age o f  groom 

The linear fit seemed obvious, and gave r-squared values of over 99% for both the 
mean and the standard deviation. 

MatchinglAl locat ion issues 

Whilst the microsimulation technique removes some problems, it raises others. One 
recurring problem is that certain operations require a 'match'. For example, if we generate 
the number of females who are assumed to marry in a year, we will need to ensure that 
we generate the same number of males. 
  hat male selection will need not only to have a plausible age profile of its own, by the 
partnerships formed will need to match the assumed pattern. A simliar argument applies 
to divorce, but this is more easily arranged : by taking one sex only for the divorce 
criterion. 

Further, there are other consequential changes to be considered. For example : 
When someone dies, the 'family' of which they were a member may 
have a change of status. If they were a nuclear family, the remaining 
parent becomes a sole parent; if a couple, the remaining person is 
at least initially a 'lone' resident. 

If a child leaves home, the remaining members would change to 
couplelno children' if that were the last child, or else from single 
parent to 'lone' if there is only one parent in the home. 



Internal Migration 

Migration accounts for much of the demand for new facilities, but modelling is still in 
its infancy. 

Interstate moves are important, but the reasons include work-availability in both the state 
of departure and the state of arrival, as well as a number of factors such as climate and 
access to facilities. None of these effects is easy to define or model. 

Substantial issues with the available data include 

The census captures data at 5-yearly intervals, and so loses any intervening 
changes 

Individuals characteristics captured at the time of the census may thus not be 
those applying at the time of any moves 

There are inaccuracies in coverage and reporting 

No data are available on why people move 

Some patterns may be reliable over time. For example, the likelihood of change by 
age was derived as 

There are 58 Statistical Divisions in Australia. This graph shows the probability of being 
in a different statistical division afler 5 years. 



Migration modelled 

A statistical model was fitted to data on migration between states, and to age-subdivided 
data on migration between statistical divisions (Cumpston & Sarjeant 1998). 

After experimenting with a variety of explanatory variables, we fitted models of the form 

In(probabi1ity of migration from one SD to another) 

= a + b l  In(source size) + b2 In(destination size) + c In(kms) 
+ d l  In(source unemployment) + d2 In(destination unemployment) 
+ e (latitude change) + f (longitude change) + g (1 if ocean destination, 0) 
+ h l  In(source income) + h2 In(destination income) + i In(source sex ratio) 

Models were fitted separately for 9 age groups. Parameter estimates for the 9 models are 

Age in constant In(source In(destn In(kms) In(source In(destn latitude 
1991 size) size) unemploy) unemploy) change 

Age longitude destn In(source In(destn In(source variance estimation 
change ocean income) income) sexratio) explained error 

Estimates significantly different from zero at the 5% level are shown with one asterisk. 
and at the 0.1% level with two asterisks. 



Our conclusions included that 

models fitted to age-subdivided data for migration between statistical divisions 
in the 5 years to the 1996 census suggest that persons prefer to move to 
larger destinations, with the effect being strongest for the young 

persons may be less likely to move away from larger sources, with the effect 
being strongest for the old 

distance may have a deterrent effect on migration, with a doubling in distance 
likely to roughly halve the probability of moving 

unemployment at the source may increase the probability of migration at all 
ages, with the effect being most marked at older ages 

unemployment at the destination may have little effect on the young, but a 
. strong positive effect at older ages 

persons of all ages may prefer to move to statistical divisions with ocean 
frontages, with the effect being strongest for persons aged 20 to 59 

source income may have little effect on the decision of the young to migrate. 
but be a considerable incentive for older persons 

there may be a strong tendency for younger persons to migrate to destinations 
with high incomes 

persons of all ages may be much more likely to migrate from areas with high 
ratios of males to females, with the effect being highest at the oldest ages 

the fitted models explain between 64% and 85% of the variance, with standard 
errors for the dependent variable ranging between 0.54 and 0.90 

these high standard errors suggest that the models are inadequate reflections 
of the complex patterns of migration, and have little predictive value. 



Predictive models 

Rees noted that few attempts had been made to incorporate cross-sectional predictive 
models within multiregion projections, and identified three difficulties (1997, p162): 

"Firstly, there is the obvious difficulty that you must project the values of the 
independent variables. Secondly, in the short term the historical time series of 
migration has proved a better predictor than a spatial interaction model. 
Thirdly, the spatial interaction model is better suited to conditional ('what i f )  
projections when the general effects of alternative policies need to be 
determined rather than precise predictions of future small area, single age 
populations on an annual basis." 

The first two of these are powerful points, and it is noticeable that the projections made by . . 

ABS and the state authoriies rely heavily on present migration levels rather than 
on statistical models (Australian Bureau of Statistics 1998b, NSW Department of Planning 
1994. Victorian Department of Infrastructure 1996, Queensland Department of Local 
Government & Planning 1996. South Australian Department of Housing and Urban 
Planning 1997, Western Australian Ministry for Planning 1996). 

. . 
Long-term projections require understanding of the fundamental forces at work, rather 
than extrapolations of short-term trends. Mathematical models of past migration may help 
provide this understanding. The emphasis should be on those variables which are 
constant - such as location and climate - and on those which can be reasonably 
projected, such as the age and sex distribution of populations. Reasonable assumptions 
about the nature of long-term industrial activity in Australia will also be needed. 
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