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APPENDIX

26.

INDUSTRY CLASSIFICATIONS

IMPACT Industry CLI ASIC
" Agriculture 02-06 01-02
) Forestry § Fishing 00-01, 07 03-04
Mining - Metallic & Non-metallic 08-09 11, 14, 15, 16
2. Minerals
Mining -~ Coal § Crude Petroleum Nil -~ inclu- 12-13
ded in 3.
3. Food, Beverages § Tobacco 26-34 21-22
4, Textiles, Clothing § Footwear 21-25 23-24
5. Wood § Wood Products; Paper § Paper 35-38 25-26
Products
Basic Chemicals; Other Chemicals § 16, 39, 40 271-272
Related Products
6. Petroleum Refining : Petroleum § 11 273-274
Coal Products
7. Glass, Clay & Other Non-metallic 10 28
Mineral Products
8, Basic & Fabricated Metal Products 12-15 29, 31
9. Transport Equipment 20 32
10. Industrial Machinery & Household 17-19, 44 33
Appliances
11, Rubber & Plastic Products Manufact- 43, 45-46 342, 343
uring
12, Other Manufacturing Industries 41, 42, 47 341, 344
13. Electricity, Gas, Water, Sewerage 48-49 36-37
& Drainage
14, Building § Construction 50-51 41-42
15. Wholesale & Retail Trade 61-64 46-48
16. Transport & Storage 52-56 51-55
17, Communication 57 56
18, Finance, Insurance, Real Estate § 58-60, 74 61-63
Business Services
19, Public Administration § Defence 65-67 71-72
20. Community Services § Health 68-73 81-84
21, Entertainment & Recreational Services 75-79 91-94
22. Other - Non Classifiable Establishments 80-99 99
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6. CONCLUDING REMARKS

Hr this paper we have explored the empirical implications of
writing down an occupational demand model consistent with the behaviour of
a representative producer who acts as if he maximizes his available labour
services subject to an overall wage bill constraint. The restrictions on
the occupational demand functions derived for this model also carry over to
the familiar labour input demand specifications consistent with producers who
act as if they minimize wage expenditures subject to a labour aggregation

function (possibly modified to incorporate flexible scale effects).

The above conceptual framework for our model is too general to
permit empirical application. We have augmented this general approach with
a variant of the Rotterdam model assuming the restrictions on the demand
functions hold locally at the central values of the cost shares of each
occupation. This device allows us to study both homothetic and non-homothetic
production functions, including Sato's special family of non-homothetic func-
tions, known as the 'almost homothetic' class. Hanoch's CRES and CONDES
models and Sato's N-H CES display this property and each may be specialized to

its homothetic form.

Our results have some important implications for projecting the
occupational composition of the labour market. In two areas they can be

used to provide improvements on the most common practice.

First, we provide estimates of labour-labour substitution
parameters which enable the solution under conditions of changing wage
relativities of a general equilibrium model (such as ORANI) that incorporates
labour of different types. In contrast, the solution of complete models

with zero labour-labour substitution possibilities is indeterminate. The

ESTIMATION OF OCCUPATIONAL DEMANDS

IN AUSTRALIAN INDUSTRY

by

G. J. Ryland
and

D. J. Parham

1. INTRODUCTION

In recent years a number of empirical studies have appeared
whose amwz concern is the extent to which relative wage movements influence
quantitative movements in demands for the services of diverse occupational
mmo:vw.H The empirical results, which are derived from a variety of
methods and data sources, have been mixed. The demand elasticities of
substitution between different types of labour in these studies have
estimated values ranging from infinity (Bowles (1970)) to values between zero
and one (Weiss ﬁwmuuuu.m Tinbergen (1975) surveyed the literature and

concluded that the evidence, properly interpreted, is consistent with a

unitary elasticity of substitution between different occupations,

The authors thank Alan Powell and Peter Dixon for valuable advice and
encouragement throughout the period of this investigation. The empirical
study would never have been possible without access to the Wymer
(1977) RESIMUL FIML software which makes possible the estimation of the
new generation systems models reported in this paper. All remaining
errors and omissions are ours.

1. Tinbergen (1975) provides a comprehensive survey of the literature on
occupational demand.

2. Weiss found zero labour-labour substitution in two out of the twelve
industries in his investigation. In some other industries, he was
forced to accept zero substitution between certain occupations, since
unconstrained estimation violated the quasi-concavity postulate.
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22.

TABLE 4 : ESTIMATES OF SUBSTITUTION ELASTICITIES IN OCCUPATIONAL
DEMAND MODELS
(Ratio of estimate to asymptotic standard error in parentheses)
Substitution Elasticities (AES)
Occupati (a)
pation
H-Rotterdam CRESH CONDESH H-CES

P/SHC - 0,175 0.146 0.210 0.213
(0.25) (0.24) (0.74) (2.06)

P/USHC 0.520 0.007 - 0.474 "
(0.71) (0.15) (1.33)

P/SBC 0,388 - 0.016 0.029 "
(0.45) (0.16) (0.08)

P/USBC - 0,144 -~ 0.011 0.393 "
(0.23) (0.16) (1.20)

SWC/USWC - 0,551 - 0.753 0.017 B
(0.89) (1.28) (0.05)

SWC/SBC 1.720 1.736 0.520 "
(2.18) (2.27) (1.41)

SWC/USBC 1.112 1.125 0.884 "
(2.07) (2.21}) (2.72)

USWC/SBC - 0.116 0.085 - 0.165 "
(0.15) (0.23) (0.45)

USWC/USBC 0.517 0.055 0.199 "
(0.94) (0.23) (0.51)

SBC/USBC 0.215 - 0.127 0.702 !
(0.31) (0.24) (1.79)

(a) Key to occupational groups is as follows
(P) Professional ; (SWC) Skilled White Collar ; (USWC) Unskilled
White Collar ; (SBC) Skilled Blue Collar ; and (USBC) Unskilled
Blue Collar .

schooling - - graduate versus other manpower (Tinbergen (1975)).

Second, we assume that the parameters of the occupational demand speci-
fication may be determined in the absence of a comprehensive analysis of

the labour market, i.e., one which also includes a labour supply m::ndwon.w
Tinbergen (1975) has put forward the criticism that studies which ignore a
labour supply function tend to produce over-estimates of the demand elastici-
ties of substitution among occupations, and ‘hence of wage demand elasticities
for particular occupations. This criticism would apply with greater force to
studies which use the economy as the unit of observation than it would to
those which use a lower level of aggregation such as an industry or a firm.
This is because wage rates are more accurately portrayed as being predeter-
mined in the latter case. Third, we base our empirical application on a
tightly specified (but nevertheless quite general) conceptual framework for
analysing occupaticnal demand from the viewpoint of a representative

producer who behaves as if he minimises his labour costs subject to a

labour aggregation constraint which embodies the technology of substitution
among occupations., We include several mwmwmmmﬂwos functions, all of which

are generalisations of the familiar homothetic CES functions,

Without pre-empting the detailed conclusions reported below, our
most general result is that, with few exceptions, the influence of wage
substitution effects on occupational demands in Australian industry is likely

to be small in the intermediate run (5 years).

1. The authors (Parham and Ryland (1978)) have considered several theoret-
ical models of skill substitution (demand) and transformation (supply)
in the context of a labour market assuming equilibrium or disequilibrium
closing conditions. The present paper analyses the demand side only of
the labour market with the implied assumption that only the supply
schedule of labour has shifted such that all realizations lie on the
demand schedule.



ssxted uorTiednddo USOMILq HOTINLTISANS

JO SSTITOTISBI® JO soleWIlse JelTwis poonpoxd ‘stssyzoddy uotinitys

-qus 1o9Fxadut INO YITM JUSISTSuodUT ySnoyzre ‘uoriedoxdBe yo wxoy stTYUL

*Lxasnpur yoee ur sdnoad uworjzednovo ssoxoe sanoy-uew dn Furppe Apdurs £q
peute1qo s9dtaxes xnoqe] o3eSealSe 3o Yopur OATIPUILLTE UB POTIL OSTE oM I

*(p @198l 30 9 pue ¢ smox) sdnoxS xeyyoo o3Tym polTINs pur sdnoid aviioo aniq
usamM1eq aXe ggy pe3loelep 31soydty oyl ‘0197 WOXT JUSIDFITP ATIuedIFTudTs
ST 9s®D STY} UT yotym gz°0 Arorewrxoxdde ST ggy oUl O9IBUM $O31BUTISS

§49D-H 941 £q PoOUITIUOD ST UOTIBAIASGO STYJ *S$TBART TRUOTIUDAUOGD 1B 0J9Z

woxy A73ueoryTudTs IOFFTP M3F Ing ‘ouo pue 0I9Z USEMIDq ofuex serBWIISS SUY OYl

frexeusd uj *xted jruorzednddo ysee X0F QUY JO SOIBWIISY optrAcid om aIoym

1
y 91qeL UT POUTBIUOD aJ® ‘JIOAomol ‘4ApPNIsS STY3 JO SIINSSX uleWw 9yj

alqeoridde jou

- S40-H
()
9e ¥ - HSIANCD
¢} :
80" L ¢.m.¢ - HSTUD
(6) (s) ()
Z5°01 §1°9 eve - wepIalloy-H
S90-H HSHANOD HSTUD wepxelioy-y
stsayrodL{y
TInN
sTseylodLy SATIRUIOLTY
(sesoyzuoard ur wopesxy yo s9oadoq)
NOLLYDIAIDHdS THAOW HOVH 40 SLSHL OLLVY GOOHITANIT ¢ 19Vl

‘1z

'SOTIISNPUT PeIBTOST M9F B ING [Te I0F sTsoyzodAy A3t
-rejuswe Tdwod eyl pervelsr ([/61) Sstoym ‘Axzsnput gutanjoegnuew *g°'n 3o
Apnas testarduwe juesax v ug ‘POUISIUOD ST AAISNPUT UBTIBIISOY SEB IBJ
0s stsoyrodAy usastex ATredtitdud ue ‘sSSOTAYIISASU ‘suTewsI I811el Ayl
* (stseyzodAy A3raejuswerdwod T1TYS/Teitdes polred Os ay3) uotriednono yowe
JIOJ PUBWSP Y3 SVUSNTIUT $83TAXSS TB1TdBD XOF puBWOP UDTYM 03 JUSIXS
ay3 noqe Levs 031 Iayiand Juryiou sawy oy  ‘Tenbs oxe sandut Inoqey-uou
I9430 pue U0T3ednO00 YOBO USOMIS] UOTINITISNS JO §9IBIL TRuTdIeW 3Ryl
Furumsse 03 junowsijuel ST yotym sindur 103sBI JO gurtuor3itiaed ayy 03
30adsex yatm o1qeredss A[suodls st anodey saefeadfe eyl Lyroads op
‘wxty oyy o3 syndur I2Yy3io yo xspur o3rsodwod B ST | pue ‘SODTAILS
anoqgey 23efexd8e st 7 ¢ yoo3as Te3rded yo TeAsy ST ¥ ¢ andano ST &
axeum (W ‘1 ‘) 4 = X se andino jo 1eAsdl ueatd e sonpoxd 03 uotriouny
uorzonpoxd s,wITF oyl LFIoods UBD oM 9IUBISFOL JO oWely IOPTM B Ul T

ot

83Ul 1BY] SWIOF SATIBUISITE ISPISUOD oM ‘MOTog chz= 7 Xepur

2AT3TPPE UB ST ‘wdtpried Ino uUT 1SSI9IUL OU SPIOY YOTUM ‘oUO 1serduts oyy

"SWXOF JUBISIITP TedeAss oyel ALew (I) ur peryroeds uolisuny uorleSoxsTe
INOQET dYL  “1TTq @8em [B303 JOo Soem uo sunjtpuedxe peledpng s,wrTI VY3
ST D5 pue ‘T uoriednodo zoy o1ex ofem peryioads Arsnousfoxe syl ST ﬁz
‘porxed yoBS UT WATF oYl Aq POSTIIIN $90TAISS Inoqel 93e89188e Jo Xepur ue

ST 1 ‘1 2d43 yo uorjednovo oy pusmep ay: ST ﬁq ‘(1) ur

MI (2)

¢ jurexaisuod 398pnq ® o3 Id9f{qns

[ c nN

e 9 Iz = g (n

Ehowmcumo H:Oﬂwucsm ao«uusnORQHocc«ummohmmmHaoamﬁ®>mu:ou
~Tsenb ® $BZTWIXPW 3T JT SE $30B YOTYM wirg satiejuesaxder sy) Fo suorzom
9y3 Butiaprsuod Aq peleIISNIIT oq 1soq Lwu osdTeur 01 YSTM oM STopou

puswop euUcTIwdnIde yo sseld oyl Fo suorzestidur Teotxtdus ayy,

puvweq pouopgpdnosy oz yovoaddy ,4s0), (1)

UOMIAVEA TVALJIONOD 2



20.

TABLE 2 : SUMMARY OF STATISTICS OF ALTERNATIVE MODELS
OF OCCUPATIONAL DEMAND

Model Likelihood Value xu (Carter-Nagar)
H-Rotterdam 171.053 0.409
CRESH 169.336 0.386
CONDESH - 167.977 0.396
H-CES 165.795 0.341
systems correlation coefficient mm {Carter-Nagar (1977)). It is not

surprising that the flexible Rotterdam specification with 14 parameters
has the highest log likelihood value and systems mm . Using

Table 2, however, we can perform tests of significance of the differ-
ences between each model specification based on the conventional

likelihood ratio (LR) test statistic A = - Nﬁrw - rmu which is

distributed as Chi-Square with degrees of freedom equal to the reduction

1

1
value of the alternative hypothesis, relative to L

in the number of parameters estimated to obtain L, , the log likelihood

1

0 the log likeli-

hood value of the null hypothesis,

The LR test statistics are summarized in Table 3 where, for
each model specification, the null hypothesis given by the row is tested
against the alternative hypotheses across the columns. This demon-
strates no significant difference among alternative models based on

conventional levels of significance.

aggregation function may take depending on the labour technologies

inherent in the representative firm.

Maximization of (1) subject to (2) implies the familiar first

order conditions :
(3) AW, = mm\wrw i=1, ...,n)

where A 1is the marginal cost of an additional labour unit.

Assuming, as we have, that wages are exogenously determined
and that the wage bill C remains fixed, the endogenous variables rw
may be solved in terms of the exogenous variables (wages and total labour

costs) to give the occupational demand system :

(4) Lio= LW, Wy, o0, W5 0) i=1,2, ..., m

The primary purpose of this formulation is to obtain the

restrictions on the partial derivatives of the demand functions which carry

over from the maximization problem (1), (2). These restrictions can best

be illustrated by totally differentiating (4) to give

5 dn, = w ALy /W, dW; + 3L;/3C dC .

On substituting Z d £n Z for each derivative d Z in (5) and

dividing by rw ,» equation (5) may be expressed in elasticity form as

(6) L, = In,, W +up C (i=1,2, ..., m
3
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18.

on the assumption that the demands for capital, aggregate labour services,
and for materials are determined at a higher level in the hierarchy of
decision-making. Fourth, the variable L is unobservable. In log

differential form, however, in any industry

L = 18, L.
. 1 1
1

for all models which exhibit homogeneity of degree one. Thus data on

L can be constructed from a knowledge of occupational wage rates and

occupational hours worked.

4,  DATA SOURCES

The data used in the empirical application consist of occupation-
specific observations on hours worked, annual pre-tax earnings net of unearned
income and number of employed persons. The data were collected from cross
section surveys for two time periods, 1968/69 and 1973/74. These periods
correspond to the only collections of earned income information in the Austra-
lian Bureau of Statistics (ABS) Income Distribution Surveys (IDS). Data on
hours worked, disaggregated by industry and occupation, were obtained from the
Labour Force Surveys (LFS) conducted quarterly by the ABS. Estimates of
numbers of employed persons are available for both surveys. Although these
data are not primarily designed for assessing hours of work and earned income
by occupation and industry (0:1) at a highly disaggregated level, we never-
theless believe that they contain useful information at the level of

disaggregation at which we work.

7.
mwu
&) T mu 5 sw\rw - oHy
J
= m@ QWu -y .
In (8) mwM is the cost compensated derivative of a wage
change - - 1i.e., the derivative with respect to W, of the function (4)

J
- - and the second term is the 'cost' effect. The Allen-Uzawa elastici-

ties of substitution (AES) are related to E, by o,. =E

. i s W./(L.S,
1] 1] u\ﬂ 1 uu

ij
{(Allen (1938)). Using (8) it is now straightforward to obtain the

remaining restrictions on the demand system (6) in terms of the AES, ¢

ij
The own wage substitution effect is always negative implying

9 S < 0,

and the homogeneity requirement is

(10) £S,0,, = 0 ,

so that each demand equation is homogeneous of degree zero in wages and total

labour cost. Finally, the symmetry requirement is

(11} g.. = @

(12 L, = £8, 0,, W, +yp,|IC-28, W (i=1, ..., n) ,

on which the conmstraints (7), (9), (10), (11) may be imposed as linear restric-

tions on the coefficients of the system o,. , &

ij FE Employing these
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16.

to be estimated are shown. In addition we give the parameter
restriction consistent with the regularity conditions imposed on the
functional forms chosen for the models. As an initial approximation

we have estimated the models assuming CRTS.

3. ECONOMETRIC SPECIFICATION OF OCCUPATIONAL DEMAND

It is convenient to re-write the Rotterdam system {12) which
is the parent specification of the 'almost homothetic' and homothetic

models considered briefly in 2 (iii) above using matrix notation as

(18) Lt = CZt + V! s
where
L' = N:K matrix of observations on the proportionate change
in the number of man-hours worked in each occupation
i1=1,2, ..., N) in industry j (i =1, ..., K} ;
Z' = P:K matrix of observations on the proportionate change

in each exogenous variable, Zp, £=1, ..., P) in

each industry j ;

V' = N:K matrix of residuals ; and
C = N:P matrix of coefficients of the elasticity of hours
worked with respect to unit changes in each of the

exogenous variables .

1

9.

To obtain the equivalence between the 'cost' approach (6)
and the familiar ‘production' approach (14) we define the elasticity of

costs with respect to aggregate labour services parameter

3

¢ = 3 log C/3 log L with wages held constant so that 1/¢ is the 'scale!'
elasticity. Then, holding wages constant, (14) and (6) imply :
as) e; = L/Lo= & ks g

L C

Thus by substituting mw\e for Uy in (12), the restrictions
imposed on the cost model (7}, (9), (10), (11), also carry over to the prod-

uction model (14). Further, if the returns to scale parameter ¢ is known

a priori, then the models (14) and (6) are observationally equivalent.

(iii) 'Almost Homothetic' Occupational Demand Models

The production function underlying (14) may be specialised to a

class of non-homothetic (N-H) functions referred to as 'almost homothetic!' in
which the expansion paths on a two factor isoquant map are linear when the
axes are scaled in terms of the logarithms of the <wawmcwmw.u Recently

Sato (1977) has discussed some of the properties and has contrasted the

1. More formally, an 'almost homothetic' production function is any
monotonic transformation of the form

T aN P
Y = Fif|x xwv A xmw = FiXx mmxw. xmu R Ft >0,

which implies that if inputs MH. XN are increased by Tys T, per

cent, respectively, then output, Y , increases by p per cent. A
unique property of this class of function is that the ratio of cost
shares mw\mm remains unchanged at different output levels generated

by increasing xw at a geometric rate T and X, at a geometric

H~ N
rate r, - - see Sato (1977), p. 564.
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14.

The CONDES model imposes the requirement that the differences

in elasticities of substitution remain constant implying

- = + - -
o Tom oy Qw ap - ap

[*N
tte

which, in common with the CRES model, reduces the number of substitution
parameters to be estimated to n . However, the CONDES model is more
flexible than CRES permitting global complementarity in cases where

a., @, are small relative to the weighted sum £ mw o - The CONDES

i’ 75 X

model may be specialized even further by setting g, = & and for CRTS,

i
i

Hawkins (1976), Weiss (1977) and Parham and Ryland (1978).

C. N-H CES

The 'almost homothetic' CES model analysed by Sato (1977) is
weakly self-dual (production and cost functions have similar functional

forms but different parameters), and may be derived from either the CRES

or CONDES models. The N-H CES model is obtained by setting

a, = a (CRES) or o, = a (CONDES) so that all cost compensated cross

J 1

wage elasticities are equal to S.a everywhere in the inputs-outputs

J
space

S.a - 8

w0
Q
it

vhile the cost elasticities are

. = 1 to give the CONDESH model. The latter has been analysed by

11.

where

{q.} = n substitution parameters either 0 < @u <1, Y3

(Y

or q; S0 ¥

3

i

{2.} n  expansion parameters , wu >0, and

{Q

> B.} = n distribution parameters such that o@@% >0 .

[
L)

From the first order conditions obtained from minimizing (13)

subject to (16), Hanoch (1975, pp. 403-7) obtains the cost compensated wage

elasticity :
m@ QW% = mm mw mu\m mw a - mwQ a; o,
and cost elasticity ,
. m mw mw &w
teo= =201 -« a. | +
My $17i i z mw ay ’
where
a; = 1701 - q) ;
mw% = 1{(i=j) and aww = 0 otherwise , and
1/¢ = returns to scale elasticity .H

1. The 'almost homothetic' property of CRES can be demonstrated by showing
that 3log L, is the same for all L provided m“.r\m“N is constant,

e
dlog rw

This follows immediately since

dlog L. .
& ) - ww nw 1 i
alog rw

while mW\w% is equal to the negative of the same expression.
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