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Aspects of the Design of BACHUROO, An Economic-
Demographic Model of Labour Supply
by
Alan A. vosmwui

IMPACT Project Research Centre
University of Melbourne

1. Introduction : The IMPACT Framework

BACHUROO is one of four models under development by members
of the IMPACT Project team. The Project itself, now some five years
old, is an inter-agency initiative of the Australian federal government
in co-operation with the University of Melbourne. Its aim is to facili-
tate the analysis of the impact of economic, demographic, and social
changes on the structure of the Australian economy. Here ‘'structure’
refers particularly to the industrial composition of GDP, the occupational
composition of employment, and patterns of international trade. The
Project has concentrated on data mobilization, model building, human
capital formation in the areas of model building, manipulative, and inter-

pretive skills, and on associated computer m%mﬁmam.u

Besides BACHURQO, the models of the IMPACT Project are called
ORANI (a large computable general equilibrium model in the Johansen (1960)

family), MACRO (a small continuous-time disequilibrium model in the

* I am grateful for helpful comments and suggestions to my colleagues,

Dennis Sams, aAshok Tulpulé and Lynne Williams. All errors are my own.
1. PFurther institutional and historical details may be found in

Rattigan (1976), Powell ((1977), pp. 4-14)), Powell and Parmenter
(1979), and Dixon, Powell and Parmenter ((1979, pp. ix-xi).
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continued ...

well, relative prices, profitability, imports, exports and a large
number of other variables are endogenized by ORANI. MACRO's role is
to provide macroeconomic closure for ORANI in short and medium ferm
applications, i while the role of BACHUROOD is to provide closure with
respect to the labour market. ORANI endogenizes, at a given set of
wage rates, the demand for labour in different occupations; it is
BACHUROO's task to endogenize the corresponding supplies. A sgchematic

diagram of the planned linkages between the three models for short and

medium term applications is shown in Figure 1.

e axyrxx(¢ INITIAL CONDITIONS _

MACRO

Labour Mkt.

_M AHNUAL SO0LUTION

Figure 1

SIMPLIFIED DIAGRAM OF MEDIUM TERM MODEL. The levels of consumption C,
real investment 1, real government spending G, and the general price
level P, may be thought of as originating in MACRO. ORANI disaggregates
these into 113 input-output industries and determines relative prices of
commodities, imports and exports by 1-0 industry, and (if wage rates are
given), labour demands by nine occupations. BACHURQO determines
the supplies of labour by occupation. Excess demand for or supply of
labour can feed back into the macroeconomic environment. Interactively
the three models will, given a set of initial conditions, produce an
annual solution which then determines a new set of initial conditions for
a second annual solution; and so on.

(After Powell and Parmenter (1979)).

1. Short and medium term applications are those whose focus does not
extend beyond (say) three years. ORANI may also be used for long
term projections =~ - see Vincent {(1980). BACHUROO will also be
suitable for long term projections.
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36.

but not at another (Caddy, Jackson and Powell (1978)). The internal
politics of immigration and the external supply conditions for immigrants
have changed so radically since the late sixties as to make it very
unlikely that an econometric approach would successfully endogenize the
interaction of government policy and overseas conditions. Accordingly,
immigration is to be handled as a set of exogenous variables for which,
Tike education, specific purpose scenarios must be written by the model

user.

While its scope has narrowed to this extent, in other ways the
model has become much more ambitious. Given its intended policy-analytic
role, it is most important that linkages between economic and demographic
variables be captured in a way which will allow counterfactual simulation.
The micro-underpinnings of the model have accordingly been considerably

strengthened.

My final perspective concerns the conservative strategy which
we have adopted towards interfacing the various components of BACHURCO.
This is a microcosm of the strategy adopted towards the interfacing of ORANI
with MACRO. If one is to have any idea, in the context of such large models,
about the features of the model which are responsible for producing particular
simulation results, it is necessary first to understand very well each of its
components, and to have developed an appropriate methodology for interfacing
them, IMPACT will not, for wdmﬁmznmw attempt to make illustrative project-
tions with BACHUROO as a whole in stand-alone mode until satisfactory, well
understood, projections have been made with each of its components. This
may seem to slow down the rate of progress, but that is an illusion. Unsatis-
factory simulations produced with a whole whose parts are individually of
doubtful status would leave the user forever in a quandary as to what went

wrong.

supply side constraints less urgent in the perception of policy makers,
and the abysmal state of the available Australian labour market data

base (Mumme et al. C,O.vaw.

With this much as background, the aim of the present paper
is to review the design of IMPACT's demographic and labour supply model,
BACHUROO, and to report on progress in its construction. Aspects
emphasized in this account are those which we believe to be of potential

methodological interest to other modellers.

2. The Structure of BACHUROO

The approach we have followed can be discussed conveniently
in terms of attempts to answer the following hypothetical questions :
for a given projection date, and given a particular scepario on a host of
relevant economic variables {(many of whose values are endogenized by

ORANI-MACRO),
(1) How many people of potentially working age would
there be in the population?

(ii)  How many of these people would, given the postulated

conditions, choose to work?

(iii) What would the occupational composition of this

hypothetical workforce be?

(iv) For those who would choose to work, what number of
hours of work per week would they offer under the

postulated conditions?

16441/80-3
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34.

3

hﬁmu Bmu vmu for given employment conditions ﬁmcu ®H« omu. or alternatively,
will endogenize the employment conditions which would be consistent with a
given scenario on labour supplies.

To discuss the interface of ORANI-MACRO with BACHURQO, we need

some further notation :

(25.1) a¥ oz 2851548
(25.2) P RN BYC LY L
(25.3) m® o= w5t o ndud .

These variables are to be interpreted as follows. Upper case letter represent

the levels of the corresponding lower case variables. Thus zm is the number
of man-hours supplied, while sm is the proportional change in this variable.

If positive, ALY is the increase in the number of unemployed people; if
negative, it represents the increase in unfilled vacancies. If positive,
"

is to be interpreted as an increase in underutilization of those people
who are in employment; if negative, as an increase in unfilled demand by
employers for additional overtime hours. Finally, aM® , if positive,
indicates an increase in overall slackness in the labour market; if negative,

an increase in overall excess demand.

The complete IMPACT medium term model, in proportional change
form, will be obtained by adding BACHUROO's structural form equations, plus
the equation set (25.1) to (25.3) to ORANI-MACRO. The same type of condensa-
tion of the notation as was discussed above for the ORANI-MACRO interface would

again be carried out, and the solution procedure would follow the ORANI strategy.

What will the total system ORANI-MACRO-BACHUROO endogenize? At

given conditions of employment mmob mwv @Nv , the vectors of changes in excess

u

labour supplies hbrc» M, >:cu will be obtainable from its solution. Alterna-

tively, if the latter are set exogenously, the corresponding conditions of

employment (if they exist) will be endogenized. If the vector A>rc,

techniques for the purpose of projecting the population but have
extended them to allow their integration with an econometric model
which endogenizes changes in the behavioural characteristics of the

population in response to changes in the social and economic enviromment.

The linkage between the econometric model and the demographic
accounting equations is through such variables as propensities to marry,
divorce and remarry, the means and variances across ages at given points
of time 6f the age-specific rates of marriage, divorce and remarriage,
the mean and variance at given points of time of desired family size, and
the mmber of first nuptial confinements. These time-dependent parameters
are used to summarize various age distributions which appear in the demo-
graphic accounts. They appear, in the econometric model, as endogenous
behavioural variables. The econometric model relates them to each other,
to other endogenous variables (such as child quality and female labour
force participation rates), and to a set of exogenous economic and social
variables (such as the female/male wage relativity, and infant mortality)
(Filmer and Silberberg (1977)).

. . : 1
The econometric model is based on the ‘'‘new home economics!

thus providing a consistent framework of family decision making within which
family formation, fertility and labour force participation by women are
inter-related. Within this framework, fertility is treated as a sequential
decision making process in which we attempt to capture the succession of
marriage, first confinement and the progression to further children. The
central construct in this decision process is the implicit desired ultimate
family size which is related to the 'child quality' concept of the 'new home
economics' and to the social and ecomomic enviromment (Filmer and Silberberg

(1977), Sams (1979), and Sams and Williams (1980)). The relationship of

1. For a collection of papers defining the scope of the 'new home economics,'
see T. W. Schultz (ed.) (1973).
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32.

17} ﬁaa. r,x) = 0 ,

where x 1is a subset of the other variables in the combined systenm.

It is intended to respecify this equation so that @o B oH and @N

appear explicitly :

(18) o, 0, 0, 0, W = 0 .

As a matter of identity, the proportional changes :a in the number of

4
hours per week on average demanded per man and £ in the number of men

demanded are related to aa by the vector equation

1]
>3
+
&

(19) m

Missing in ORANI-MACRO at this stage, but to be added before interfacing
with BACHURQO, is an equation to endogenize the proportions in which 5@

splits in equation (19); let this missing structural form equation be
(203 v(i£", 8,0, 0

Then, given the existing flexible facility for choosing which variables
shall be endogenous and which shall be exogenous that characterizes the
ORANI computing system, the ORANI-MACRO system in any simulation could be

used either :

(a) to endogenize the occupational demands for men mhva
for hours per man ﬁsmu and for man-hours Asmu at a
given set of employment conditions mao, ®~“ mwu H

or

{(b) to endogenize the employment conditions ﬁeov ow. omu which
would be compatible with a given set of occupational demands

@l w4, ndy

o ]
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Schematic diagram of the demographic core
of BACHUROO, The econometric model of
family formation, fertility and labour
force participation is contained within
the dashed lines. (After Sams (1976} .)
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30.

a2 I VI VI
where Yy and Zy respectively are the endogenous and exogenous MACRO
variables.

Prior to the final forms (11) and (12), the structural forms

of the model appear as

(13a) wc Yo + no z, = 0,
and
{13b) wx Yyt nz gy = o,

so that the essence of the solution procedures for the models in stand-

alone mode is the computation of

_ -1
(14a) A, = -BTC o,
and
_ -1
(14b) Ay 7 By Oy
respectively. What makes {13a) and (13b) a system {(as distinct from two

independent systems) is the fact that some of the ORANI exogenous variables

and z

are endogenized in MACRO, so that certain elements of Yy o

overlap
(for instance, the growth rate of aggregate consumption expenditure)}. The
second connection, less important for viewing ORANI-MACRO as a system, 1s
that they share some common exogenous variables Amo and Zy overlap).

Note, however, that vy 1

Yo and Yy must be disjunct. After appropriate
¥

1. At the date of writing there remain less than half a dozen scalar
variables which are doubly endogenized. The double endogeneities
provide an indirect check on the simulation properties of ORANI via
MACRO - - see Powell (198G'a). At the final interface these double
endogeneities will be eliminated.

11.
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To obtain estimates of the response of the supply of
hours worked in different occupations via equation (8), data of the type
given in Tables 2 and 3 suffice. It is of course necessary to know the
age, sex, marital status and occupational distribution of the workforce.

These are to be supplied by the demographic core and by the occupational
disaggregation modules discussed above. There is scope for forging
further links between these three segments of BACHUROO via ﬂwm role of
family timing and size on the workforce participation of married females.
In terms of the labour-leisure choice paradigm, increased labour force

participation of married women would show up in the form of an 'as if!'

decline in the utility parameter vy, applicable to this group.
Y L PP P

At the date of writing the estimation of the labour-leisure
choice module is complete. The finding that mr = 0 for married men,
however, is worrying. While the idea that this parameter would be lower
for married men than for married women and for single people is plausible,
in some long run sense B, must exceed zero. That is, we would expect
married men to take out at least some small part of rising living
standards in increased leisure. Over the sample period 1964-65 to
1975-76 it is estimated by HcHMCMm (1980 a) that married men with a non-
working wife decreased their average hours of work by 2 per cent; and
that those with working wives actually increased their average hours by
1% per cent. While a host of technical problems might account for the
anomaly, it is unlikely that respecification and re-estimation will
improve matters unless the quantity and quality of the available data

. 1
can be increased.

1. In the sample data, average hours worked by married males with working
wives are about six per cent below those worked by married males whose
wives are not in the workforce. Insofar as rising male wage rates are
correlated with increased female labour force participation, therefore,
there is some negative association between hours worked by males and
their rates of pay.

FIGURE 4a
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INDEX OF PROPENSITY TO DIVORCE FOR
AUSTRALIAN FEMALES, 1921/22 TO 1964/65

1940 1950 1960 Year

1930

Propensity

0.20+

FIGURE 4

0.154

THE PARAMETERS OF THE APPROXIMATED AGE

DISTRIBUTIONS OF AGE SPECIFIC RATES OF

DIVORCE FOR AUSTRALIAN FEMALES,

1921/22 TO 1864/65

0.107

0.05

continued ...
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26.

Table 2 : Estimates of Marginal Leisure Preference

Parameters, mr , for Different Types of

Workers

Estimated
Worker Type mr ©)
1 Married male with working wife (a) 0
2 Working wife 0.2743
(49.98)
3 Married male with non-working 0
wife (b)
4 Single male 0.2760
(27.56)
S Single female 0.2879
(28.96)
Total workforce 0.2436

(a), (b) Constrained estimate. In absence of constraint,
estimated values would have been -0.0443 and

-0.1041 respectively.

(¢) Ratio of parameter estimate to estimated asymptotic
standard error shown in parenthesis.

Source : Tulpule (1980 a), p. 37.

The functional form adopted by Tulpule (1980 b) for the

hours/earnings offer curves is

(10.1)
and

(10.2)

in which G({H)

week are worked, ©_  is the after-tax hourly wage rate up to standard

G{H)

1t
@

H

G(H) o, H+ 0, (H-0

2

o

H, when H<xg 0

5

is the after-tax weekly wage packet when H hours

per

hours @N per week, and ®~ is the overtime progression parameter.

15,

structure. Estimates of the labour force partici-
pation rates are among the behavioural variables
modelled in [the econometric model], and when these
are combined with the population estimates, the
demographic core provides estimates of the total

Australian labour force."

At the date of writing, operational prototypes of each
component of the demographic core shown in Figure 2 exist and are
documented.  The econometric models of family formation, fertility, and
labour force participation (Filmer and Silberberg (1977)), and of house-
hold headship (Williams and Brooks (1978)) are at the respecification and
re-estimation stage. Illustrative projections with the demographic core

in stand-alone mode are the next pricrity.

2.2 Occupational Disaggregation

Given the size of the workforce, what could we expect its
occupational composition to be at any given set of wage relativities, if
people were able to locate themselves in the mest preferred occupations for

which they are formally qualified? The answer to this depends on the

length of run envisaged. In the annual framework used in BACHUROO, one

takes the educati

al endewments as given. In the longer run, individuals

and the (larg

[

public sector) education systen vory the skill mix.

The lack of a suitable data base makes modelling the education system in

Australia extremely mmmmwn:Hﬁ.w At least for the foreseeable future, the

throughputs of the educational sector will be treatud exogenously.

1. To obtain even an eleven year series of Australian student statistics
on a compatible basis required a major input by the project team itself
in primary data compilation and editing. See Craigie (1930).
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24.

>a is the derivative of the marginal utility of income with respect to

non-labour income, o You is the derivative of the demand for

'leisure' with respect to non-labour income ; ¥ is the vector of

derivatives of the after tax marginal wage rate with respect to the
parameters © ; U is the second derivative of the utility function
'

with respect to the amount of 'leisure'’ consumed ; ¢ is the derivative

of the marginal wage rate with respect to hours worked ; uy is the

vector of derivatives with respect to the quantities of commodities
consumed of the marginal utility of 'leisure;' and U is the principal
sub-matrix of the Hessian of the utility function corresponding to

arguments other than 'leisure.’
To apply (8) empirically, the following steps are necessary :
(i) the adoption of a particular functional form for
the utility function ;

(ii) the identification of groups of workers whose utility

parameters could reasonably be supposed to be homogeneous ;

(iii) the adoption of a particular functional form for the

hours/earnings offer curves ;

(iv) the identification of groups of workers who could
reasonably be assumed to face the same hours/earnings

offer curves ;

{(v) the estimation of the relevant utility parameters for

the groups isclated under {(ii) ;

17.

This basic mechanism is illustrated in Figure 5. ow and
om respectively are the supplies of workers in occupations 1 and 2.
The movement from A to B is seen as a response to a change in the
ratio of certainty equivalent occupational wage rates , mu\zm , from tan

ﬁpﬁo tan @w . Changes in certainty equivalent wage rates, therefore,

are identified with shifts around the transformation frontier.

Figure 5 : Occupational transformation frontier in Z-occupation
case. Initially the certainty equivalent occupational

wage ratio nzw\mwu is tan ®> . This ratio then

changes to tan @m. resulting in a new equilibrium

occupation mix at B .

16441/80~6
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22.

Net {after tax) maxginal wage rate, ¥

A
$/hr

4
H

L g Hours worked per week

K2

Ga : A simple earnings/hours schedule with

paramneters mw ($/hr, basic hourly wage rate),

@m (hours, defining the standard working week),

Figure

and @m {$/hr/hr, steepness of the overtime

maomwmmmwo:v. mm:uwmn:wmum@ m:&amﬁso
curve. (After Powell ({1880b}.)

Net {after tax) marginal wage rate, ¥

&

&/hr

5 H

* Hours worked per wee

e

[UT R

Figure 6b : Hypothetical earnings/hours schedule in mrwnw
the after-tax marginal hourly wage rate is
constant up to HY hours per week, and there-
after steadily increases.

19.

(6} Ny = TS for mll i (j # i),

and

(73 n, . = - g{l - 5 where &, = share of
L7 jj (44 uv [w 5

occupation j in the
certainty equivalent
wage bill] ,
the best estimate obtainable from the data is 1T = ~ 1.3 (t = 3.6).
Via equations {6) and (7) this esstimate enables the {n,.} to be

. 1
estinated.

The remaining element of flexibility in the occupational
mix not captured ip Willisms' work is that due to the flexibility of
new workforce entrants. Altheugh when an individual commits himself to
a particular stream of higher education and/or vocational training he may
have in mind a preferred occupation which he would like to enter upon
graduation, he may nevertheless settle for another occupation if jobs .
ave easier to find in it and/or if this other occupation commands higher

relative wages at graduation than

re expected at the time the education-

al decision was taken. His flexibil will be limited only by the

Lo

for entry into the various occupations. Thus the

WOk and Ryland (1979}, but not yet implemented,

uses an approach similar to the one described above. In that the proposed

work attempts to identify the shift variables {N, with the

ed account, it should be noted, has not deait with the
extremely difficult problem of generating data on the supply of
transferees, {8M .} as distinct from the actual number of transfers.
Given the undoubted existence of a non-market clearing wage structurs
in one of the two yvears for which data were available, the natural
starting point was Fair and Jaffee (1872). Strong priors on labour
demand plus data on unemployment were essential ingredients in develop-
ment of the {8M uw . Readers requiring further details should
noumcwﬂzwwwwmammwwmoU.
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