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Explicit modelling of demographic change
This chapter outlines the new demographic module that has been added to the Monash Multi-Regional Forecasting (MMRF) model for the study. The new demographic module will improve MMRF’s suitability for assessing policies with a longer-term focus where:

· changes in the level and/or composition of the population may be important; or

· the policies under consideration impact on fertility or mortality rates.

The new module is a demographic model of the effect of population change for subsets of the population (called cohorts). It uses a ‘stock–flow’ approach to calculate the population in each state by age and gender. The results for Australia are derived from the corresponding state measures.

Section 4.1 outlines the background to the new module, and links this development to earlier demographic modelling by the Commission. Section 4.2 provides an overview of the new demographic module, while sections 4.3 to 4.6, respectively, outline the modelling of births, overseas migration, interstate migration and deaths. Section 4.7 describes how the new demographic module has been integrated into the MMRF model.
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Background

The MMRF model of the Australian economy, in its basic form, contains a rudimentary demographic module that stylistically models the three main sources of demographic change:

· net natural population increase (that is, births less deaths);

· net foreign migration (that is, immigration less emigration); and

· net interstate migration (that is, interstate arrivals less departures).

It does not contain a cohort-based demographic model.

In the basic model, these changes are read in from the model database during each simulation year and are updated using any shocks applied in the preceding simulation year.
 Unless shocks are applied during the simulation year, this reading in of the changes in population from the model database each simulation year gives the basic model a quasi ‘steady state’ nature, albeit one in which the annual changes in the demographic components are specified in persons rather than growth rates.

Modelling demographic change in this way limits the capability of MMRF to model policies with a long-term focus where the level and composition of the population differs from that specified or implied in the model database, or where policies under consideration affect fertility rates, mortality rates or foreign migration.

This weakness could be partly overcome by deriving demographic projections from an external demographic model, such as the MoDEM, a spreadsheet demographic model (Cuxon et al. 2008), and applying these projections as shocks to the corresponding demographic aggregates in the MMRF model.

Linking MMRF to an external demographic model improves the long-term capability of the model, but with two potential drawbacks. First, linking the two models in this way does not allow for feedback effects between the models. For example, demographic change may affect the supply and demand for labour, which, in turn, may flow through into wages, prices and incomes. Changes in economic conditions between states or industries may potentially affect the incentives for interstate or overseas migration. Second, as the demographic aggregates in the MMRF demographic module are coarser than their counterparts in a standalone demographic model, much of the richer demographic information is omitted from the MMRF demographic accounting framework.

Another way of improving the suitability of the MMRF model for longer-term policy analysis is to incorporate a fully operational demographic model with age, gender and state cohorts within the MMRF model. This would allow for the possibility of feedback effects between demographic and economic variables, resulting in richer demographic information and providing complete demographic accounting within MMRF.

The version of MMRF used for the Commission’s final report includes a fully operational cohort-based demographic model. Births and deaths are modelled endogenously for individual cohorts of the population based on age, gender and state-of-residence. The conceptual approach used to model fertility and mortality is based on two earlier spreadsheet-based models developed by the Productivity Commission. However, their implementation in the new demographic module differs somewhat from the earlier models, in part because the MMRF programming language (called TABLO) does not have the same functionality as Microsoft Excel, which was used for the spreadsheet models, and partly to provide additional functionality in the modelling of demographic change (and, in particular, the endogenous modelling of population movements between jurisdictions).

Links to earlier demographic modelling

The new demographic module is based on a series of demographic modelling tools that were initially developed by the Productivity Commission for its study into the Economic Implications of an Ageing Australia (PC 2005b). These tools have subsequently given rise to:

· a spreadsheet demographic module MoDEM (Cuxon et al. 2008) that was used in modelling the Potential Benefits of the National Reform Agenda (PC 2006);
 and

· a spreadsheet model of fertility called FERTMOD (Lattimore 2008) that was used in Recent Trends in Australian Fertility (Lattimore and Pobke 2008).

The new demographic module extends the national demographic relationships in MoDEM to the eight states and territories (hereafter referred to as states).
 It also adopts many of the assumptions used in FERTMOD and MoDEM. These assumptions are similar to those made by the ABS in its demographic projections of the national population. For example, demographic change is modelled as a discrete rather than continuous process and is consistent with the discrete nature of recursive-dynamic CGE modelling.
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Overview of the new demographic module

The new demographic module models the effect of demographic change on subsets of the population (called cohorts) based on age, gender and state. This makes it a ‘cohort component’ model. It uses a ‘stock–flow’ approach to calculate state population by age and gender. The 2005-06 database consists of the estimated resident population (ERP) for 1616 cohorts as at 30 June 2005. Each cohort represents a unique combination of:

· 101 age groups: 100 single year age cohorts — 0 years old to 99 years old — and an open ended 100 years and over cohort;

· two genders: male and female; and

· eight ‘states’: New South Wales, Victoria, Queensland, Western Australia, South Australia, Tasmania, the Australian Capital Territory and the Northern Territory.

In each simulation year, age, gender and state cohorts change size according to:

· the net inflow through overseas migration (that is, immigration less emigration);

· the net inflow through interstate migration (that is, interstate arrivals less departures);

· deaths;

· births for the 0 year old cohort; and

· the effects of ageing (figure 4.1).
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Population projection module
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a: age; g: gender; and s: state.

Source: Adapted from Cuxon et al. (2008).
People who do not die or leave the state are one year older by the end of the simulation year and join the next age cohort. The TABLO implementation adopts an approach similar to that outlined by Penec (2009).

The new demographic module is linked into the MMRF model core to determine population, working-age population and labour supply. The linking into the labour supply in the model core is discussed in chapter 5. The module is expressed in level terms and it adopts the practice in MMRF of reporting all population and labour market variables in thousands of people.
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The modelling of births

Births at the state level are modelled in the new demographic module using the same approach as that used nationally in the PC’s report Economic Implications of an Ageing Australia (2005c, 2005d). This approach is also used in MoDEM (Cuxon et al. 2008). Births are calculated using a two-step process:

· total births in each state are calculated; and

· total births are split into male and female births.

First, the number of births in each state is calculated by multiplying age and state-specific fertility rates (ASFR) by the average number of women of that age in that state during the simulation year and aggregating across all childbearing ages (aged 15 to 49 years).
 The average number of women is defined as the initial population of each age and state cohort for women plus half of the estimated change in population for that cohort during the simulation year. The ASFR used are for the financial year 2005-06 and are estimated as the average of published ABS ASFR for the calendar years 2005 and 2006 (sourced from ABS Births, Australia, 2009, Cat. no. 3301.0).

Second, the number of male births in each state is calculated by applying the share of total births in that state that are male (a state-specific sex ratio) to the total number of births (ABS Births, Australia, 2009, Cat. no. 3301.0). Female births are calculated as total births less male births.

Births increase the 0 year old cohort only.

In keeping with the practice used by the ABS in compiling its demographic statistics, any subsequent deaths of newborn babies are recorded as deaths. This means that births are recorded on a gross basis and not the net basis used in MoDEM.

A similar ‘gross demographic accounting’ approach is used to record net overseas and net interstate migration (discussed in sections 4.4 and 4.5).

The new demographic module allows the ASFR to change over time to allow for timing and tempo effects that enable the total fertility rate and the distribution of ASFR to vary independently. The methodology used is more complicated than that used to estimate births and is outlined in detail in Lattimore (2008).
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The modelling of overseas migration
The new demographic module models the net flow of migrants that enter each cohort from overseas during a simulation year (or leave to go overseas). Unlike MoDEM, it does not separately model immigration and emigration.

Net overseas migration (NOM) can be modelled in a number of alternative ways. It can be specified exogenously, by specifying either:

· aggregate migration, which is allocated to individual cohorts using the age, gender and state shares of net overseas migration in the database; or

· net migration for each age, gender and state cohort.

NOM can also be modelled endogenously as a specified share of the population (initially set at 0.6 per cent of the population, see chapter 8), which is the approach used in this study where actual overseas migration data are not available. The age, gender and state-of-residence of these migrants are determined by the actual distribution of NOM Arrivals less NOM Departures, as recorded by the ABS.

Like MoDEM, the new demographic module adopts the same assumption that net overseas migration occurs uniformly throughout the year. This is equivalent to assuming that all net overseas migration occurs on 31 December of the simulation year. This means that, on average, immigrants are only in the destination state for half of each simulation year. It is assumed that half of all immigrants have a birthday in the intervening six months before the end of the simulation year and their age is increased by one year accordingly. This implies that, for example, half of the 15 year olds that arrive turn 16 before the end of the simulation year.

The net overseas migration data used in the new demographic module database are sourced from ABS (NOM (improved method) Arrivals and Departures by State/territory, Age and sex, Calendar and financial years, 2010; Migration, Australia, 2008-09, Cat. no. 3412.0; and Australian Historical Population Statistics, 2008, Cat. no. 3105.0.65.001).

Deaths of overseas migrants

In keeping with the practice used by the ABS in compiling its demographic statistics, any subsequent deaths of overseas migrants are recorded separately as deaths (discussed in section 4.6).
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The modelling of interstate migration

Interstate migration is also modelled in net terms in the new demographic module (that is, arrivals less departures) and is assumed to occur at the start of each the simulation year.
Changes in the relative economic conditions between states affect the incentives for businesses and workers to locate in particular states.

As many of the reforms assessed in Potential Benefits of the National Reform (PC 2006) had a distinct longer-term focus, the benchmark MMRF model developed for that study allowed the supply of labour by occupation in each state to vary in response to differences in occupation-specific changes in real wages that would emerge between states over the longer term.

This endogenous modelling of labour supply was linked to interstate migration by assuming that those not in the labour force and children aged less than 15 years of age (that is, those not of working age) moved in proportion with those in the labour force (akin to assuming that all members of a household move together when a worker moves interstate).

A consequence of this approach is that interstate migrants implicitly take on the characteristics of workers and/or residents in their destination state (and not those prevailing in the state where they move from). Thus, for example, a worker moving interstate takes on the labour productivity of a worker with the same occupation in the destination state regardless of their pre-move labour productivity.

This modelling of interstate migration for the Potential Benefits of the National Reform Agenda meant that changes in labour supply implied changes in, first, the working-age population in each state and, then, the population in each state. 

This approach to modelling interstate migration has been adopted in the new demographic module.

Interstate migration in the new demographic module is determined by the interstate migration of labour supply in the core of the MMRF model, which responds, as in the National Reform Agenda (NRA) benchmark model, to differences in occupation-specific changes in real wages between states.

The resulting aggregate changes in labour supply by each state from the model core are mapped into the age, gender and state cohorts in the new demographic module using the initial population shares in the model database.

Interstate migration across age and gender cohorts are modelled as adding to zero across states to ensure that there is no net change in population nationally from interstate migration.
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The modelling of deaths
To align with published ABS statistics, deaths are calculated separately for four distinct sub-groups of the population:

· those initially in each cohort;

· those joining each cohort from overseas;

· those joining each cohort from interstate; and

· newborn babies.

The total number of deaths is the sum of deaths for these four sub-groups.

The basic approach to calculating the number of deaths for each cohort in these four sub-groups is similar. The number of deaths is calculated by applying age, gender and state-specific mortality rates to particular population sub-groups and summing across sub-groups. However, the calculation varies between sub-groups as:

· the mortality rate applied to migrants covers half a year (as migration is assumed to occur half way through the simulation year);

· the 0 year old age cohort includes newborn babies; and

· the 100 years and over age cohort covers all ages over 99 years of age.

The remainder of each cohort at the beginning of the simulation year that does not migrate interstate or move overseas remains within the state for the full simulation year. The number of deaths for this group is estimated by applying the full-year mortality rate for that age, gender and state cohort to the beginning-of-year population for that cohort less the number of people that leave the state.

In keeping with the approach used in PC (2005b) and MoDEM, the mortality rates in the new demographic module have been converted from an ‘exact age’ basis to an ‘age-at-last-birthday’ basis to align with the ERP in the model database. The methodology for doing this is set out in PC (2005c). The ‘exact age’ mortality rate by age, gender and state used is the average of those implied by the ABS Life Tables for 2004-2006 and 2005-2007 (Cat. no. 3302.0.55.001) and state equivalents.

The result indicates the number of deaths that occur, not the age at which those deaths occur (as death may occur at the ‘beginning of year’ age in the database or after their birthday at the next age). It is assumed that ageing occurs uniformly; the number of deaths calculated using the methodology described above is divided equally between the initial age and the next age group for all age groups except the 0 year olds and the 100 years and over groups. The number of deaths in the new demographic module for all of the cohorts other than these two exceptions consists of half of the deaths from the cohort below and half from its own age cohort. As people do not leave the 100 years and over cohort through ageing, the number of deaths for this cohort is half of those for the 99 year olds and all of those for the 100 years and over cohort. Deaths for 0 year olds is the gender and state-specific mortality rate for newborn babies multiplied by the number of newborn babies plus half of the deaths of those initially aged 0 years at the beginning of the simulation year.
Deaths of interstate migrants are modelled in the same way as those people that remain in the state, except that the mortality rates in the destination rather than source state are used.
A similar approach is used to estimate the number of deaths of immigrants, except that only half the age, gender and state-specific mortality rates are used, as, on average, these groups are only in the destination state for half a year.
To make the demographic accounting tractable in TABLO, all deaths in the new demographic module are recorded as a negative increase in population.

The age, gender and state-specific mortality rates can vary through time. The approach used in the final report is to specify annual percentage change improvement factors in the mortality rates based on the methodology used by the Australian Government Actuary (2009, p. 35). These improvement factors are on an ‘age-at-last-birthday’ basis and have been derived from the Life Tables in ABS Australian Historical Population Statistics (Cat. no. 3105.0.65.001) for 1970–1972 and 2007–2009 and smoothed across ages using a Hodrick-Prescott filter.
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Integration into MMRF

The new demographic module can be activated to replace the existing demographic module or turned off using a control variable.

The new cohort-based demographic module, however, involves some relatively minor changes to the way in which the demographic module is linked into the core of MMRF. This primarily involves:

· determining the value of certain coefficients in the model core from the levels in the new demographic module rather than from the database (for example, state population, state working-age population and labour supply by state and occupation); and

· calculating the corresponding changes for the accompanying variables from the changes in the demographic module.

The population and working-age population by state in the core of MMRF are determined by the changes in the new demographic module. The labour supply is also determined by applying age, gender and state-specific participation rates to the number of people in each cohort (discussed in chapter 5). The occupational distribution of this labour supply is initially assumed to remain unchanged.
 The participation rates are sourced from ABS (Labour Force, Australia, Detailed – Electronic Delivery, May 2010, Cat. no. 6291.0.55.001, Data cube LM8).

The endogenous modelling of interstate migration means that the working-age population and population in each state can vary and is not known a priori.

As a result, the state-specific participation rates are now calculated within the model from the changes in labour supply and working-age population in the model core rather than being exogenously specified.

Similarly, the ratio of working-age population to population in each state, which was previously exogenous, is now calculated from the changes in working-age population and population in the model core.

The integration of the new demographic module into the MMRF core is illustrated diagrammatically in figure 4.2.

Figure 4.
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Integration of the new demographic module into MMRF
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a: age; g: gender; s: state; and o: occupation.
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� 	As the model database is based on the ABS Input-Output Tables for the financial year 2005-06, a simulation year effectively corresponds to a financial year.


� 	The version of MoDEM referred to in this chapter is version 2.0.


�	In the new demographic module, state refers to state-of-residence unless otherwise stated.


�	The model database does not include Australians that reside in Jervis Bay, Christmas Island or Cocos (Keeling) Islands (termed Other territories). Consequently, the total population in the demographic module database is slightly less than the official ERP for Australia.


�	The ABS publishes age-specific fertility rates for women aged 15 to 49 grouped in 5 year intervals. The ABS assigns births to women below 15 years of age to the 15–19 year old age group and births to women over 49 to the 45–49 year old age group.


� 	To make the demographic accounting in TABLO easier for the other age cohorts, the births variable is defined over all age groups. Births in the remaining 100 age groups are set to zero.


� 	Net overseas migration by age, gender and state is estimated from actual ABS data published for five-year age groups scaled to align with the latest revised total net overseas migration published for that state. This approach assumes that ‘category jumping’ is distributed in proportion to NOM arrivals less NOM departures. The resulting measure of net overseas migration for each age group is allocated to individual years of age using the age and gender distribution of the existing population in that state.


� 	This does not assume that the level of real wages is the same across states for a given occupation, just that the percentage changes are the same.


� 	This approach assumes that the government policies being modelled do not affect the level of non-economic interstate migration. The longer term policies examined when the NRA benchmark model was being developed, and which are similar to many of the longer term reforms that make up the COAG Reform Agenda for which the model has been developed, were considered unlikely to have a material effect on non-economic migration. If a suitable theory existed to explain non-economic migration, it might be possible to add a non-economic component to interstate migration in MMRF.


� 	The new demographic module may be de-activated to use the old demographic module or to operate the model in comparative-static mode.


� 	As outlined in chapter 5, the initial labour supply in each occupation nationally can gradually adjust to differences in real wage rate changes across occupations that arise during each simulation year.
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