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A DISAGGREGATED MODEL OF

WAGE DETERMINATION

by

*
Vince Manion

1. INTRODUCTION

The ORANI module of the IMPACT medium term model of the
Australian economy provides, for a given set of exogenously specified
conditions, projections of demands for labour by industry and occupa-

wwon.wﬁw

When fully operational the BACHUROO module will enable
projections of labour supply by occupation, As these ex-ante demands
for and supplies of labour are formulated in initially unconnected
modules representing different sets of decision makers, whose behaviour
is affected by different sets of exogenous variables, there is no
reason to expect equality between supply and demand, either in the
aggregate, or in particular occupations. An important issue for

IMPACT is whether there is some mechanism which operates to drive labour

supply and demand towards equality.

The author wishes to thank Alan Powell for his many valuable contribu-
tions and all members of the BACHURCO team for their helpful comments
and suggestions at a number of workshops at which versions of this

paper were presented, - Of course, all remaining deficiencies lie
with the author.

1. For a description of the IMPACT medium term model, see Powell (1877).

2. The main industry grouping for IMPACT is the input-output classifica-
tion. For a description of the IMPACT occupational classification,
see McIntosh (1976).
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30.

Two possible approaches are apparent using the suite

of programs developed by C.R. ﬁw;wa.w

His ASIMUL package is
designed to compute Full Information Maximum Likelihood (FIML)
estimates of the parameters of systems like the above, which are
non-linear in the variables as well as in the parametexrs. An
alternative approach, less expensive in terms of computer time,

is to use Wymer's RESIMUL package after appropriate Taylor series
linearization of the non-linearities in the predetermined variables
of the final estimating form.?  RESIMUL computes FIML parameter
estimates for simultaneous equations systems which are linear in the

variables. Both approaches will be explored in the empirical phase

of this work.

1. See Wymer (1977).

2. This approach is followed in McAleer et. al. (1979).

In general the possibilities for labour mobility are greater within
these groups than they ave between them and hence we expect wage

rates to be less diverse within them than between them. The

industry grouping employed in this study is an eighteen industry
Australian Bureau of Statistics classification used in the Earnings and

Hours mcw<m<.u

The purpose of this paper is to develop and estimate a
disaggregated model of the wage determination process to allow specifica-
tien of the wage adjustment mechanism which operates when ex ante labour
supplies and demands are not equivalent at initizl wage rates. The
model is developed in two stages and is similar in flavour to the more
aggregative model presented in McGuire and Rapping (1968). Firstly,
the concept of equilibrium wages at which demands and supplies of labour
would be equated is developed in Section Two. Supply and demand
factors are assumed to affect actual wages through their influence on
these equilibrium wages. In Section Three consideration is given to
possible specifications of the actual wage determination process involving
combinations of the equilibrium wage, key wage settlements and previous
period's wages. The estimation of the resulting reduced form model,
along with a number of parameter restrictions which assist in this estima-
tion and in identifying the structural form parameters of the model, is

examined in Section Four.

It should be noted that the data currently available to
estimate the model consist of only four annual observations (May 1974-1977)
on weekly wages and hours worked for the above industry by occupation groups.

This limited data base placed restrictions on the development of the model

outlined below.

1. See Australian Bureau of Statistics (Ref. 6306.0). This classification
excludes agricultural industries and domestic service.
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28.

The first of these effects is allowed for by our
respecification of @ﬁuv in (23). The second type of effect is
an argument for some zero elements in the all industries wage
elasticities matrix (@) . However, as noted above this matrix does
not appear in the coefficients of the reduced form wage equation.
Hence zero restrictions on single elements of ¢ will not be transmitted

through to the reduced form coefficients.

However, if all of the off diagonal elements of umuu are

less than one in absolute value, then nCL.H can be approximated va
(-1 Gy,

C = (I + DY) =1 -D

. (26)

This approximation to 0muuwu will both allow zero restrictioms on
elements of % to be transmitted as zero restrictions on the values of
relevant reduced form coefficients and enable the definition of emuu
in (25) (along with the other adjustments outlined in Section 4.1) to
lead to implementable restrictions on reduced form coefficients across

industries.

The effect of the above parameter restrictions is to allow
us to treat that portion of the reduced form parameters remaining to
be estimated, as the same for all industries. From equation (21} we

can see that after imposing the approximation of nGu..H in (26), the

1. In the demand literature, the equivalent approximation for the
inverse of a utility Hessian is motivated by Barten's concept
of 'almost additive preferences'; see Powell (1974), pp. 31-32.

The marginal cost to industry 3 of a small increase in

its use of labour type 1 , with other inputs held constant, wwHum :

W wzw.
MFCL,., = NI S R (2)
ij 251 wrww L3 ij
W uzm. WWH
= d 8,0 W .o, (3)
91 wrw“ xm% 21} 23
vhere
[ = 1 for i=2;

= { otherwise .

With the aid of some additional notation, (3) may be expressed as

G) lag
boi Tt Saa| Moy - @

MFCL, . =
ij iy

e~

=1

1. It is assumed that in the short run (less than 1 year) capital is fixed
and changes in an industry's labour usage do not affect its cost of
capital. However, using more of occupation i could, by increasing
wages for that occupation, lead to substitution in 21l industries
towards other occupations and thereby change their wage rates. This

W, .
43

accounts for the presence of the 3T
ij

(2 # i) terms in (2).

2. Notice that (2} implies that labour inputs can be varied without
necessarily changing inputs of materials. If it is considered more
realistic that, at fixed xu , an increase in rwu‘ involves a propor-
tional increase in materials, then the right hand term should be
deleted from (1), and zwu reinterpreted as the cost of labour inclus-
ive of complementary materials inputs.
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where
1 0
bu .
rm.u. = : . ;

o W
J

26.

L.
2j
%oy
1
he L,
i ij
and rwu

e1 o= o g

E3

28

Now as the separate elements of the nﬁuv matrix as defined

in (25) are not recoverable from ¢J7%

wage elasticities matrix (¢)

the development of the industry

does not appear to be of use in creating

3Q, L.,
e = 5 by
ij whw@ mw

is the marginal physical product of labour type i in industry j
divided by its average physical product. This is the partial
elasticity of production (i.e., with all other factors held constant)
with respect to changes in rw. . Solving (8) for L,. we have :

3 1J

T et L ©

Now imposing the profit maximizing condition of zmvrww = Kmﬂrww R

substitution of {4) into (9) gives us the industry's demand function for

labour type i :

1 : {10)

For every industry there will be n of these labour demand equations,

one for each type of labour.

A more ad hoc approach is adopted in specifying the supply of
labour function as the theoretical basis of the individual's labour

supply decision is not as well developed in the literature as labour demand

wm:m<woca.u The supply of labour type i to industry j hrMuu is
viewed as the total labour supply of type i Arwu multiplied by the
share of this going to industry j hmwQu .

1. Of course, the BACHUROO model is concerned with a detailed elaboration
of the supply side. Hopefully the stylized model developed here will
serve as a synopsis of the more important features relevant to wage
determination.
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This leaves the wage elasticity parameters. These
measure the percentage response in average wages paid by an industry
for labour of a particular occupation as a result of a small percentage
change in that industry's use of another (or the same) type of labour.
Clearly the mechanisms through which such wage responses occur are
complex, and this makes the prior specification of the industry
variation in them a difficult task. The one factor that will system-
(3)

atically affect the P31 > causing them to vary between industries, is

the importance of the industry in the type of labour whose usage is being
changed. If an industry employs ten per cent of the unskilled white
collar labour force, we would expect a giwen percentage chaunge in its use

of that type of labour to have a greater impact on wages im all occupations

than the same percentage change in employment in an industry with only one
per cent of the unskilled white collar workforce.

Hence it is hypothesized that each industry's wage elasticities

matrix m@ﬁuuw is made up of two components :

{1} an all industry elasticities matrix (¢) determined by
the technical and labour market relationships between

different occupations ; and

(ii) an industry specific set of weights based on the
industry's importance in the employment of various

occupations ﬁ$uu .

Thus we have

R (22)

9.

{c} The influence of wages in other occupations on the

supply of labour of type i is reflected in a single

composite wage variable. Hence the effect on rw

of
changes in wages in a particular occupation will be
related to that occupation's importance in total employ-
ment ., Ideally we should allow scparately for the
different influences of wages in each occupation on

hw . However the (n - 1) additional parameters

implied would place too great a strain on the available

data.

(d) The oy and oy parameters can be interpreted as
partial elasticities of labour supply with respect to the

wage variables concerned.

The share -S,, of L°
ij i

going to industry j is treated as

a function of average after tax wages paid to occupation i in industry

j and average after tax wages paid in all other industries to occupa-

tion i, in the previous period

Sij 7 g B Wiyeq vos BN g - a2

This specification is based on the assumption that the percentage point
change 'in ‘an industry's share of labour supply of a particular occupation,

as a result of a given percentage change in that industry's lagged wage

M

: 3 . 1 o s
wu.anyu or in all other industries'lagged wages mzw..u.niwvh is the
1

same for all industries. Therefore the percentage change in an

1. Hence if the retail industry increases the wage it offers for unskilled
white collar workers by 10 per cent and in the next year this leads to
its share in the total supply of these workers rising by ome percentage
point (from say 5 to 6 per cent), then we expect a similar wage increase
in {say) the transport and storage industry to have the same effect on

that industry's share of the supply of these workers (from say 3 to 4
per cent).
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22, 11,

{b) Partial preduction elasticities with respect to labour
inputs {e..) ; n oy Ly ] .
ij : §oleld) HE oo TWE L
21 Li fwd Lif Tijt
(c) Price elasticities of demand for outputs of industries
(14)
Q_u.u H
(d)  Occupational labour supply elasticities with respect to
wages ?wu.. and nmwu H - - m&.n i
+a., dn W, .
(e) Industry share labour supply parameters Aaﬁ and 51 i,.7,t-1)
ogs) s
(£) Elasticities of occupational labour supply with respect
to the stock of qualified personnel ?qu : For each industry there will be n equations like (14) and
this system can be written in matrix form as
(g) Wage adjustment parameters C,wV .
ro. o L, L. 1 .7 T
(i) (1) 723 (Y i E
The focus of the model developed above is on the process by 2: 1 @mu r&. ) * ﬁ: r:. s&ﬂ Nﬁn
which wages are determined at a disaggregated level. Hence primarily we ‘ . . . . . .
are interested in the set of reduced form equations (21), which explain . QQV 1) ) :
. 22 . . A . .
the level of actual wages by industry and occupation, Restrictions
which assist in estimating the n.m equations like (21) are those which set z is
. . . . it 43t (15)
reduced form coefficients equal to (or related to) a particular value. . .
These values may be either (a) another coefficient of the reduced form X : )
model, typically in our model the coefficient associated with the equiva- .
. L.
lent variable in the equation for the same occupation, in another industry, QGV A3 ( 93@ R sm 7
In L, ) A it hjt
or (b) some number determined either a priori or by estimation outside , - ™ I L
the model. These possibilities are explored below.
In shorthand we have :
3 =
¢ zwﬁ = 25t (6)
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20. 13,

individual influences are assumed to cancel each other out leaving
3. THE MARKET WAGE MODEL

each yw constant over time. The existence of only three data

oints in time precludes allowing for changing A, . L.
P P & BINE Ay For a number of veasons it is not expected that actual

Thirdly, for projection purposes a model containing an (i.e., observed) wages in all industries and occupations will adjust

N : s 1
exogenous national wage case variable will require projections of this to equilibrium in a single year.

variable. While the ORANI and BACHUROO modules endogenize the variables

{a) Labour market institutions tend to slow or prevent the
--exogenous to the market wage model developed so far, they do not attempt

. A wage adjustments (either in absolute or relative wages)
to explain national wage decisions and this is a drawback of including

. needed to achieve equilibrium in all sectors of the
this variable. Clearly such considerations cannot justify an incorrect

X labour market. For example, unions often attempt to
model specification, but given the two above points, they do add weight

A maintain fairly rigid relativities of their members®
to the argument for excluding a national wage decision variable from our

wages to those in certain other occupations and industries.
model.
Equity objectives have meant that the Arbitration Commiss-
Substituting the expression for equilibrium wage from equation X
8 P 9 & 4 ion has set minimum wages which may well be too high to
18) i uation (20) we obtain an expression for the actual wage of ! . L.
(18) into equation (20) P & allow full employment of unskilled and junior workers.

occupation i in industry j in period t
{b) The considerable time necessary to alter the stock of

iy 3y people capable of undertaking certain occupations means
oo o= e Tz e ey < 24 (21)
) J that quantity adjustments on the supply side will be
limited in the short H::m (i.e., the short run supply
+ (1 - A W, .
i ij,t-1

curve is relatively inelastic). Hence the wage adjust-
ments needed to achieve short run equilibrium may be

quite substantial in periods of rapid economic change
This is a typical one of the n.m reduced form actual wage

equations resulting from the structural model made up of equations (4),
1. Some subsections of the labour market may remain in almost permanent
(8), (11}, (12) and (20) and thé closing conditions that firms equate disequilibrium. For example, the market for seamen is a high wage,
excess supply situation maintained by a strong union, willing to
accept high disguised unemployment in the coastal shipping industry,
i’ and by government regulations restricting overseas competition.

<

MRPL,. and MFCL,

15 1j and that equilibrium wages occur where L., = L

S
ij i
2. The equilibrium model has assumed a perfectly inelastic supply curve
with respect to current wages. However, it is also expected that
even over longer periods (say three years) labour supply by occupa-
tion will be fairly inelastic (although the shares going to particular
industries should be quite responsive to relative wage changes).
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18.

Until recent years the most obvious candidate for an
Australian key bargain settlement of the McGuire and Rapping type was
the Metal Trades Award which flowed on in varying degrees and with varying
rapidity to a wide range of other awards. Some of these influences were
purely institutional (i.e., full automatic flow on through the Arbitration
Commission} while others resulted from bargaining in awards involving
labour both functionally related and unrelated to the metal trades. How-~
ever, since 1973 this flow on process has been largely averted and over
the period of estimation for our model there existed no clear key bargain

settlement.

A key bargain of a different type to that envisaged by McGuire
and Rapping is the national wage case., This single wage decision affects
wages in most industries and occupations but not in the spillover sense of
one wage settlement imitating another. Rather it is purely an admini~-
strative procedure reflecting the wide range of awards covered directly or
indirectly {through State and Public Service Awards) by the national wage
decision. Unlike spillovers it does not imply the existence of strong
unions able to imitate a wage settlement obtained in another sector. Over
most of the 1974-77 period the wage indexation system was in operation and
a large part of the money wage increases occuring during this time were a

direct result of indexation decisions.

Despite the obvious importance of the natiomal wage case, our
model will not include any independent allowance for the actions of the
Arbitration Commission. Apart from the data limitations mentioned above
there are three reasons for this approach. Firstly, it seems reasonable
to assume that macroeconomic conditions have played an important role in

influencing indexation decisions. Over the estimation period for our

i5.

Numerous adjustment mechanisms could be mcmmomﬂmau
and for our purposes there appear to be few a priori grounds on
which to choose between a number of these alternatives. Adjustments
towards equilibrium could take a number of years and hence in their
most general form would require sepavate variables (and parameters) for
cach previous year thought to be important in determining current wages.
However, the available data strictly limit the types of adjustment
mechanisms that can be incorporated into the model. Hence we assume
that current actual wages mxwwnv are determined within a simple
partial adjustment framework, as follows

A ) .
mzwu.ﬁ-z: <1 ¥iandj). (19)

Rearranging, this becomes :

-- b m
zww = (- Ag) Wigely * 2 Wiy s (20)

which implies that current wages are a geometric distributed lag of past

equilibrium wages.

We have assumed that for any single occupation, the wage
adjustment parameters .m»wu arg the same in all industries (i.e., there
is no j ‘subscript on A). This is based on the belief that, at least
at the aggregated occupation and industry levels to be used in this study,

the adjustment of wages towards equilibrium relies largely on factors

peculiar to occupations, Parham and Ryland (1978) have shown that most

1. See Dhrymes (1971).
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