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ABSTRACT

Forecasts of changes in income distribution that rely entirely on modelling
changes in the personal characteristics of individuals, as is typically the case in
microsimulation studies, have a limited capacity to take into account developments
that affect individuals only indirectly through the operation of markets. Most
individuals receive most of their income in the form of factor payments (i.e.,
wages and profits), Hence a distributional forecast will be improved if it is
informed by a well constructed forecast of changes in factor markets and their
associated commodity markets. This paper is primarily concerned with the
development of techniques for applying an existing set of detailed economic
forecasts for the Australian economy to the question of distribution. The
centrepiece of the forcasting system is a large dynamic applied general
equilibrium model, the MONASH model. Via the markets incorporated in the
MONASH model, a range of otherwise intractable information is brought to bear
on a forecast of income changes over the period 1990-91 10 1996-97. The range
includes detailed scenarios on macroeconomic developments in both the world
and domestic economies, changes in the foreign demand for Australia's exports,
changes in the world prices of all internationally traded goods, changes in
protection, changes in indirect taxes and primary factor saving technical change.
To generate the income forecasts, projections of changes in factor prices and
factor employment levels from the MONASH model are interfaced with micro
data from the 1990 Australian income suvey. The key to the interface is an
allocation of the ownership of the relevant factors among the individuals identified
in the survey. Results are reported for sixty income groups differentiated by
region and size of income,

J.E L. Classification Numbers: D31, D32, D58
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FORECASTING CHANGES IN INCOME DISTRIBUTION:
AN APPLIED GENERAL EQUILIBRIUM APPROACH"
by
G. A, Meagher

Centre of Policy Studies, Monash University

1. Introduction

Changes in the incomes of individuals or groups of individuals over time depend on changes
in their personal characteristics (such as age and marital status) and changes in the
characteristics (such as wage rates and employment levels) of the economy of which they
form a part. The forecasting of changes in these two general categories has tended to be
undertaken independently, the first by analysts trained in demography and the second by
analysts trained in economics. However, in recent times, demographers have begun to link
their dynamic microsimulation models with simple macroeconomic models, and economists
have begun to employ microsimulation techniques to enhance the range of their forecasting
models in the area of distribution. This paper describes a contribution to the development of
such an integrated forecasting capacity, beginning with a well established forecasting
system for the Australian economy.!

A forecast of changes in the distribution of income can be regarded as consisting of the
construction and linking together of four major components:

= aforecast of changes in factor incomes (.., wages and profits) over time;

o adescription of the distribution of factor incomes between individuals to give
personal incomes at a particular point of time; ;

«  adescription of the redistribution of personal incomes between individuals at a
particular point of time, particulary via the tax/benefit system; and

= aforecast of changes in the individuals' ownership of factors, tax liabilities and
eligibility for benefits over time.

The first of these components is the province of economic modelling, and a wide variety of
relevant models are already in existence. We shall rely on the extensive set of economic
forecasts for the period 1990-91 to 1996-97 recently released by the Centre of Policy
Studies at Monash University in association with the commercial forecasting agency Syntec
Economic Services. The forecasts are derived, in part, by solving a large dynamic applied

* A previous version of this paper was preseated to the Intemational Association for Research in Income and
Wealth, Special Conference on Microsimulation and Public Palicy, Canberra, December 1993,

1 Fora recent Australian example of an integrated distributional model beginning from the demographic side, sec
Antcliff (1993). ’
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Western
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Australia
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Table §. Income Components Expressed as Shares of 1989-90 Net Income, All Income Deciles, Per Cent
New South

Components of net Income, 1989.90
1 Wages, salaries and supplements
1 Wages, salaries and supplements

Varizble
Contributions of components to Income

growth, 1996-91 to 1996-97

For: ing Income Distributi 3

(which earn dividends and capital gains) and cash (which earns nothing)2. A
comprehensive treatment would require the incorportation of markets for financial assets in
the MONASH model, and the specification of the savings behaviour and asset portfolios of
all the individuals in the income survey. Our treatment is much simpler than this and
ignores capital gains altogether, i.e., the effect on distribution of the differcnce between
corporate retained earnings and dividend payments in each year is ignored. The other
Limitation concerns implicit incomes such as rent on owner-occupied housing, interest on
life and superannuation funds, and payment in kind for household production. With the
exception of the first, these income sources are also ignored. However, the MONASH
modelling framework is quite flexible and more sophisticated treatments could be adopted at
a later date3.

In the balance of the paper, the economic forecasts are discussed in somewhat more detail in
section 2, both in terms of methodology and results. The same kind of discussion is then
repeated for the distributional forecasts in section 3. Section 4 contains concluding remarks.

2. The Economle Forecasts
2.1 Methodology

The MONASH model is a development of the well known ORANI model (Dixon et al.,
1982) which has been widely used for policy analysis in Australia by economists located in
the universities, the government and the private sector.4 The original version of ORANI was
only suitable for comparative-static analysis, but the more recent ORANLF version
(Horridge et al., 1993) includes enough accumulation relations to allow the average annual
growth rates of macroeconomic and structural variables to be forecast over the medium run
(Adams et al.,, 1991 and 1992). In MONASH, the dynamic specification has been refined
50 that year-by-year time paths for the variables are now provided (Adams et al., 1993).
The MONASH model is the centrepiece of a forecasting system that currently proceeds in
four stages.

The fundamental data requirement for an applied general equilibrium model is an input-out
table. In Australia, input-output tables are produced by the Australian Burean of Statistics
(ABS) with 2 lag of about five years. Hence the first stage in the forecasting process is to
update the latest available input-output data to the base year for the forecast (from 1986-87
to 1990-91, in the present case) via an ORANI simulation. The method (Dixon and
McDonald, 1993) results in updated data which are consistent with all relevant published
data about the structure of the economy in 1990-91.

The second stage begins with the determination of the values of the exogenous variables of
the MONASH model over the forecast period. Forecasts for most €X0genous macreconomic

2 Nots that, in our stylized representation of the f ing p , dividends and capital gains comprise that
part of profits retained by corp prises, and } pay and reccipts comprise a redistribution of
personal incomes,

3 For example, Lim and Meagher (1988) have added markets for fi ial assets to an jem of the
MONASH model.

Reviews of applications of the ORANI model can be found in Panmenter and Meagher (1985), Powell and
Lawson (1989), Vincent (1989) and Powell (1991).
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20 G. A Meagher Forecasting Income Distribution 5

Table 1. MONASH Forecasts: Average Annual Growth Rates, 1980-81

income) as an income source. Hence the contribution of wages and salaries to net income to 1988-97, Per Cent

growth is relatively low for the tenth income decile, a deficiency that is not made up for by -
o . . . . . Ni o Quee

the oomB@Eon of property income. Table 5 reveals that interest receipts are aﬁwwzzza for Variable wcmm, Victoria Fsm * >%%§ M_MMMW L_Nw.w Australia

the prominent role of property income for the tenth decile. Hence the relatively poor Wales

forecast for that decile (compared with the the seventh, eighth and ninth) can be traced to

) c d ; Output by industry:
the low interest environment predicted for the forecast period. 1 A wnﬁgﬂwm forestry, 1.59 1.85 201 172 162 140 175
Our ecarlier discussion of the relative prospects of the regions carries over to the gn.mvﬁm and hunting
distributional results of Table 2, with Queensland and Western Australia doing gencrally 2 Mining . 3.84 3.65 378 368 313 357 355
better than the national average and Victoria and South Australia doing generally worse. In . 8 gmﬁﬂ.mnn.ﬁ.wwbm 1.29 082 173 113 178 135 125
the more disaggregated results of Table 6, the role the forecasts for gross operating surplus 4 Public utilities 243 233 251 236 247 242 242
WOB Table 1 is .oiana in the 8@5..5_ pattern of the contributions to net income growth of 5 Construction 0.42 0.53 1.16 -048 133 004 038
income from unincorporated enterprises. 6 Wholesale and 289 271 306 277 304 277 287
retail trade
4. Concluding Remarks g enmm%o? storage 3.31 314 339 310 343 336 327
and communication

Most individuals receive most of ECH Enwam 5.:5 mo.n.: of factor payments Q.m.. wages 8 Finance, property 2.60 299 283 9240 278 256 2586
and profits). A forecast of changes in the distribution of income, therefore, will be improved wcmEmmm. services
if it is informed by a well constructed forecast of changes in factor markets and their 9 wsuﬁ,rs of 237 210 260 228 234 225 232
associated commodity markets. Forecasts that rely entirely on modelling changes in the 1 Humww mmm . .
personal characteristics of individuals, as is typically the case in microsimulation studies, 0 and M.mwmmwwgmﬁmes: 2.80 280 280 280 278 276 280
have a limited capacity to take into account developments that affect individuals only it ;
indirectly through the operation of markets. Furthermore, for purposes of distribution, the Ww MMM,MMMWM% mm”“vww 3.13 2.0 318 208 312 318 275
level of disaggregation at which the markets are modelled is important. Particular and other m@ﬁh»n@m 3.25 . 3.00 338 305 322 319 318
individuals derive their factor incomes from particular industries and occupations, and the 13 All industries
prospects for different industries and occupations may deviate quite widely from the . 245 222 272 216 263 239 246
economy's general macroeconomic prospects. Employment by industry:
This paper has been primarily concerned with the development of techniques for applying 1 >5~mmMM;M%m Wmﬂwﬁﬁ 0.44 1.02 123 076 046 041 078
an existing set of detailed economic forecasts for the Australian economy to the question of ini
income distribution. The centrepiece of the forcasting sysiem is a large dynamic applied M mwﬂ_”mna : 4.28 2.02 854 121 067 047 244
general equilibrium model, the MONASH model. Via the markets incorporated in the Publi .c.umbm 0.06 -0.50 053 001 074 -022 -0.04
MONASH medel, a range of otherwise intractable information is brought to bear on a 4 ie ...—E._Smm 1.37 1.24 143 127 139 136 134
forecast of the incomes of various groups of individuals over the period 1990-91 1o 1596-97. 5 Construction 053 040 026 -149 047 -092 -035
The range includes detailed scenarios on macroeconomic developments in both the world 6 ﬁrm%wwgm %cm 1.48 131 165 137 162 137 147
and domestic economies, changes in the foreign demand for Australia’s exports, changes in 7 Hnm MM Mo
the world prices of all internationally traded goods, changes in protection, changes in Mbwm%oa%wbw%%%eu 2.15 200 225 198 231 237 2.M4
indirect taxes and primary factor saving technical change. To generate the income forecasts, 8 R rt
projections of changes in factor prices and factor employment levels from the MONASH vﬂwﬂwwmv MMW%EW 001 031 023 019 022 -002 -0.04
model are interfaced with micro data from the 1990 Australian income suvey. The key to the 9 Ownership of 0.00 000 000 000 000 000 000
interface is an allocation of the ownership of the relevant factors among the individuals dwellings
identified in the survey. 10 ﬁwﬁwm%%wwmisg 189 189 189 189 189 1838 189
Results are reported for sixty income groups differentiated by region and size ; ;

> 11 Community services
of income. They suggest that the change in distribution over the forecast 12 wmnwmmaobwvmamosﬁ www WMM wmw WWM wwm W% WMM
period is likely to be mildly progressive. They also highlight the role played by ’ and other services : . i ’ : i :

the business cycle in determing the membership of the various income deciles 13 All industries

: ‘ 1.16 073 148 087 137 116 109
over time. During recessions, the lowest income decile contains a significant

... continued overleaf
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Table 3. Ownership of Capital and Housing Stocks by Decile Class and Region, 1989-90, Per Cent

Victoria Queensland South Westem Tasmania Australia
Australia Australia

New South
Wales

Variable

Capital stock, unincorporated enterprises

1 First income decile

CREARILERRYE
NS S S S ST el ot
2EQESEEE82R
FOCOCCOST
FRBER2EIBIRLY
4110011115w
SRREZRBEREY
41111211248

6.87
1.08
1.81
0.97
1.48
275
2.21
2.08
3.99
9.02
3224

7 Seventh income decile
§ Eighth income decile

2 Second income decile

3 Thind income decile

4 Fourth income decile

5 Fifth income decile

6 Sixth income decile

§ Ninth income decile
10 Tenth income decile

11 Allincome deciles

Houslng stock

6.24
4.88
5.29
741
9.12
9.34
9.28

10.18
12.29

25.96
160.00

095 0.37 0.52 0.10
0.88 0.42 037 0.10
1.05 0.37 030 0.13
125 0.58 0.71 0.15
141 0.51 0.73 0.20
1.67 0.50 0.62 0.17
122 0.54 0.76 0.16
1.54 0.62 0.95 0.19
1.56 0.59 1.60 0.17
355 1.77 225 0.26
15.08 6.26 8.22 1.63

LN
136
149
221
244
238
249
2.60
353
6.02
26.22

2.60
1.73
1.96
2.50
3.83
4.00
4.12
4.29
545
12.10
42.58

T Seventh income decile

1 Second income decile
8 Eighth income decile

3 Third income decile

4 Fourth income decile

1 Firstincome decile
5 Fifth income decile
6 Sixth income decile
9 Ninth income decile
10 Tenth income decile
11 Allincome deciles

Forecasting Income Distribution 7

across industries and occupations to bring the classifications into line with those employed
in the income survey. This involves a significant loss in distributional information, but it is
one that cannot be avoided with the current mismatch between the levels of detail in the
survey and in the other data sources used by the MONASH model. In the ORES regional
classification, and hence in Table 1, the Australian Capital Territory is included with New
South Wales and the Northern Territory is included with South Australia.

Consider first the economy-wide forecasts of output by industry. According to the table, the
output of the Mining industry in Australia is forecast to grow at an average rate of 3.55 per
cent per annum over the forecast period. This is the largest growth rate of all the industries
shown and is 1.09 percentage points more than the growth in GDP. The Mining industry is
distinguished by the large share of its output exported to foreign countries and its good
growth prospects derive from the forecast increase in international trade as a share of GDP,
Two other industries , namely Transport, storage and communication and Recreation,
personal and other services, have growth rates of more than 3 per cent per annum. The
first benefits from substantial linkages with international trade (both irhorts and exports in
this case), while the second owes its favoured position to the strong growth forecast for
international tourism. The prognosis for Construction, which has the slowest growth, is
crucially affected by excess stocks of commercial buildings that accumulated in Australia’s
major citics during the 1980's. It is worth noting here that Residential construction is
forecast to grow at the quite healthy rate of 3.27 per cent per annum but, as far as the
distributional analysis is concerned, this potentially important distinction between the two
types of construction activity is lost in the industry aggregation. The Manufacturing

industry does relatively poorly because it suffers most from the planned reductions in
protection.

Now consider the relative output growth rates across the regions. Queensland and Western
Australia do well because they are relatively specialized in national industries which grow
rapidly, especially Mining. Victoria and South Australia, on the other hand, are relatively
specialized in the slow growing Manufacturing industry and have comrespondingly poor
prospects. Recall that local industries are stimulated in regions with rapidly growing
national industries. As a result of this multiplier effect, all industries in Queensland (at least
at the level of aggegation shown in Table 1) have growth rates greater than or equal to the
national average. Similarly most industries in Victoria and South Australia grow more
slowly than the national average.

The second panel in Table 1 shows forecasts of employment growth by industry. The
output and employment forecasts are related by production functions which determine the
increase in output associated with given increases in inputs (capital or labour) and a given
rate of technical progress. In the present forecasts, factor saving technical change of one per
cent per annum is assumed. Hence, when output growth rates are converted into
employment growth rates, the first one per cent is absorbed by technical change and the
latter rates tend to be less than the former. The change in capital inputs depends critically
on whether an industry was under- or over-capitalized in the base period, i.e., on whether
the tate of return in the industry was above or below the average across industries. An
industry with a relatively high rate of return attracts investment and enjoys a relatively high
rate of capital growth. For a given rate of output growth and technical change, this implies a
relatively low rate of employment growth. Conversely, an industry which is relatively over-
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16 G. A. Meagher

(e) Qtherincome

The final category, i.e., other income, is divided into taxable and non-taxable components,
and includes superannuation, alimony and income provided by relatives. Both components
are assumed to remain constant,

Summing over the five broad categories gives gross income. Taxable income is obtained by
subtracting from gross income the imputed rent of owner-occupiers, non-taxable
government benefits and non-taxable other income. The total amount of income tax paid is
taken from the national accounts, while its distribution is determined by IHS data. In
calculating the growth rates in net incomes, the average rate of income tax for each group is
assumed to remain constant.

3.2 Results

Table 2 presents our results for the sixty income groups. The most striking feature of the
table is the strong growth in income for the lowest decile in every region. The relevant
characteristic of that decile is that it contains many income recipients who reported large
losses, either from landlord rent or from unincorporated enterprises, in 1989-90. Our
method for imputing ownership allocates large amounts of capital to persons who made
large losses or large profits in the base period, that is, large amounts of capital are allocated
to persons at either end of the income scale. From Table 3, the tenth income decile ends up
with 25 per cent of the capital stock in unincorporated enterprises, but the first decile (with
more than 20 per cent) gets significantly more than any of the other eight. The ownership of
the housing stock follows the income scale much more closely, but the first decile still
surpasses the second and third. The general thrust of the economic forecasts is for a mild
recovery, and persons with large holdings of capital are in a position to benefit most in
absolute terms. This can be seen clearly in Table 4, which sets out the contributions to net
income growth made by each of the five broad income categories. Of the 8.88 per cent per
annum growth recorded nationally for the first decile in Table 2, 5.02 percentage points are
accounted for by income from unincorporated enterprises.

At first glance, the results in Table 4 do not appear to reflect the large holdings of
unincorporated capital by persons in the top decile, income from this source accounting for
only 1.06 percentage points of net income growth. However, from the average income
figures in Table 2, this represents $432 per income recipient on average, while the 5.02
percentage points for the first decile represents only $283 per recipient. Thus income from
unincorporated enterprises increases by comparable absolute amounts for the two income
classes, the large difference in the contributions to net income growth arising from the large
difference in the two income bases.

If the first decile is excluded, the forecast changes in income across deciles are mildly
progressive on balance. From Table 4, this general result can be partly attributed to the
influence of government benefits, but the other income sources also contribute in a non-
systematic way. Note that, compared with the seventh, eighth and ninth deciles, the tenth
decile relies much less heavily on wages and salaries (and much more heavily on property

Forecasting Income Distribution 9

equivalent adult incomes which are derived from net (i.e., post tax) incomes as follows. The
number N, of equivalent adults in an income unit? is given by

Ng = 1.0+ 0.7(N; - 1) + 0.7N, + 0.4N; ,

where Ny is the number of adults, Nj is the number of dependent children aged 18 to 20,
and Nj is the number of dependent children aged less than 18. All adults in the income unit

are then allocated an income equal to their combined net incomes in the survey year divided

The distributional model draws on the MONASH forecasts in Table 1 to compute the
implied growth rates in the incomes of the selected groups. The composition of a group
remains unchanged during the forecast period, and its income is not affected by the ageing
of its members. While population growth occurs, there is no change in its demographic
makeup; the population is assumed to simply expand. As an exception to this rule, the
working age population grows slightly slower than the total population, and the supply of
labour and the supply of capital in unincorporated enterprises are taken to move with the
former rather than the latter. In the remainder of this subsection, the methods used to
determine the income growth rates are discussed for each of the five broad categories of
income in tum.

(a) Wages. salaries and supplements
For labour incomes, the computation involves seven steps.

(1) Among the 30,444 respondents to the income survey, 10,849 did not work at all during
1989-90.  All persons belonging to the latter group, including 461 who collected some
unemployment benefits during the year, are assumed to remain outside the employed labour
force during the forecast period.

(ii) The respondents who did work at some time during 1989-90 are divided first into seven
groups according to their region of residence. The last of these groups, representing
residents of the Northern Terrtory and the Australian Capital Teritory, is excluded from
the distributional calculation as the regions concerned are not separately identified in the
ORES modei®, Each of the remaining regional groups is then divided into 90 subgroups
differentiated by size of income and occupation, the latter choice reflecting the view that
occupation is more important than industry in determining a person’s employment
opportunities. Let

H.Bmm (m=1,.9;5=1,.6;g=1,,10)

represent the number of persons with occupation m who reside in region s and have an
income in decile g.

7 An income unit consista of parents and their dependent children or a single person.

8 InTable 1, the Northem Territory is included with South Australia and the Australian Capital Teritory with
New South Wales, introducing a small discrepancy between the IHS and ORES regional classifications. This
discrepancy is ignored.
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14 G. A Meagher

3(c) Property income

Property income consists of interest, dividends and rent, with the last category being further
subdivided into landlord rent and imputed rent on owner-occupied dwellings. We begin by

describing the method for imputing rent, a method that contains the following three steps for
most of the income units involved.

(@ The IDS data records the value Ky, of an owner-oceupied dwelling and the amount M,
of any outstanding debt incurred in its purchase for each income unit n in the survey. If
income unit n is not an owner-occupier, both variables have zero values. Hence the total
value of the owner-occupied stock of dwellngs is given by10

K=Z,K,
and and the total value of associated debt by
M=2Z,M,.

(i) Values for total gross operating surplus G, total depreciation D, total interest payments I
and total net income Y associated with owner-occuped dwellings are available from the

national accounts (ABS, 1991b). Hence we can obtain the corresponding average rates g,
d, i and ¥ from

g =G /K, et

(i) The average values g, d, and 1 are then assumed to apply to all owner-occupiers, so
that the rent imputed to the nth income unit is given by

Yo =@ - DKy -1 M.
If the income unit contains two parents, the rent is allocated equally between them,

Some of the survey respondents who own their dwellings outright, i.e., for whom M, is
zero, did not reply to the question conceming the value of their dewllings. For these income
units, the following alternative procedure is adopted.

The IHS data contains information on the amount of gross rent paid by income units to
private landlords. From this data, the average gross rent G1y; by type of dwelling i (separate
house, terrace house, flat, etc.) and number of bedrooms j is computed, along with the
average rent G2y by region k. In this regional classification, the capital city in each State is
identified separately from the rest of the State. An owner-occupier of a dwelling of type ijk
is then imputed the gross rent

10 Strictly speaking these should be weighted sums, but we shall abstract from this complication.

Forecasting Income Distributi 11

number of persons without a job decreases in such a way that each income group maintains

its base period share of unemployed persons and of persons not in the labour force, ie.,
such that

Umsg / ZgUmsg = R2yps (m=1,.9;5=1,.6)

and

Nmsg / Zg Nmgg = R3ps (m=1,.9:5=1,.6),

where the R2's and the R3's represent the relevant 1989-90 ratios. The distribution of
employment between income groups is then determined as a residual. Thus, if no Para-
professionals belonging to a particular income decile were without jobs in New South
Wales in 1989-90, that income group does not participate in the 0.31 per cent average
annual growth rate of employment for the OR group. If employment for an OR group
decreases, it is assumed that each income group maintains its base period share of employed
persons, i.e.,

Emsg / ZgEmsg = Rdms (m=1,.9;5=1,.6),

and that unemployed persons account for a constant share of persons without a job for each
income group, i.e.,

Camm / anm + ZBmmv = wm-:mm m=1,.9;8=1,.,6;¢g=1,.,10).
Here the R's again represent the relevant 1989-90 ratios. The method is designed to ensure
that, for each income group, the stock of persons in any labour force category is never
exhausted. At the conclusion of these machinations, the average annual rates of change in

the numbers of employed and unemployed persons by occupation, region and income decile,
represented by

Brmsg and Omgg m=1,.935=1,..6;g=1,..10),

respectively, are determined.

(viii) The rates of change in wages, salaries and supplements are then given by

a»:smm = wamm + W m=1.9;5=1,.6;g=1.,10),

where W is the rate of change in the nominal wage rate. From Table 1, % is equal to 3.66
per cent per annum.
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