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Table A.2 Price Indices

Price Indices for the Eight Commodities (1966-67 = 1.00)

Year Food Drink Clothing Housing Household Private Public Other quds

and Tobacco  and Footwear Durables Transport Transport and Services
1964-65 0.9501 0.8917 0.9695 0.9189 0.9877 0.9615 0.8943 0.9327
1965-66 0.9796 0.9746 0.9799 0.9549 0.9918 0.9767 0.9292 0.9639
1966-67 1.0000 1.00060 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
1967-68 1.0336 1.0359 1.0228 1.0433 1.0045 1.0223 1.0199 1.0441
1968-69 1.0457 1.0549 1.0416 1.0943 1.0212 1.0565 1.0597 1.0814
1969-70 1.0705 1.0854 1.0727 1.1740 1.0409 1.0884 1.0%40 1.1264
1970-71 1.1173 1.1515 1.1148 1.2866 1.0724 1.1487 1.1573 1.2047
1971-72 1.1521 1.2278 1.1789 1.3846 1.1250 1.2159 1.2604 1.2955
1972-73 1,2369 1.2891 1.2501 1.4781 1.1615 1.2601 1.2409 1.3766
1973-74 1.4671 1.4012 1.4170 1.6204 1.2526 1.3797 1.2629 1.5269
1874-75 1.6230 1.6271 1,7101 1.8596 1.4252 1.6499 1.4373 1.8343
1975-76 1.7875 2.0190 1.9807 2.1782 1.5348 1.9438 1.5907 2.1229

Note: Price indices are derived from estimates of consumer expenditure at current and constant (1966-67)

prices given in Australian Bureau of Statistics, Australian National Accounts, National Income and
Expenditure 1975-76, Canberra, 1977.
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5. CONCLUSION

In this paper the hours offered for work by a typical consumer/
worker/saver :w<w been modelled as responding to commodity prices, the
;rocxww wage rate, and non-labour income. The twice-extended linear
expenditure system has been fitted by full information methods to national
time series data spanning 1964-65 through 1975-76. As expected, the >wm+w>n%
results yielded the classical 'backward-bending supply curve' for hours
of work offered by employees. From a comparison with comparable U.S.
work, it appears that the marginal ﬁwmmmamnnm of Australians for leisure

Tulpulé, Ashok, Revised Estimates of Labour Supply Elasticities
considerably exceeds that of their American counterparts. .

In this paper a demand analysis framework has been
used to study the effects of changes in wage rates, incomes and
commodity prices on the supply of work hours. , The supply of
hours worked by a representative consumer/worker is viewed as
the counterpart of the demand for leisure. Demand equations
for a number of commodities and leisure are derived using Betancourt's
Twice Extended Linear mxﬁowmwncwm System (TELES). The system
is estimated empirically using Australian time-series data to

yield numerical estimates of labour supply elasticities.
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= - e
(4.16) ey - By oE .
Evaluation of m“ (and the asymptotic standard error) at the mean values

1
of y and wH yields

ww = - 0.3056
(0.0321)

Price elasticit : The uncompensated price elasticity of hours worked,

T ¥ gives the percentage change in hours worked due to a one per cent

change in the hourly wage rate, when all commodity prices and non-labour

R 2
income remain constant; i.e., from (4.12)

. i W
"W T W CH
Yh
4.17) = g @-8p-1 .

The elasticity of hours supplied evaluated at the mean value of H is

obtained by substituting the estimated values of mr s and

"h
f = 2000.58 in (4.17).. The estimated elasticity value (and the standard error) is

n = - 0.0648
hh (0.0069)

* * . s
1. zoamnrmnmwuwnmnmmouwnwnwwwwonmﬁmsmﬂwmamﬂwoemﬂodmuw:noamﬁowmvocuwsooao.

As both these estimates have been Mm<wmma downwards, the revision wawmm
to a substantial reduction to the mromﬁwamﬂn as compared to the previous

estimate (Ashok chvcpm' op. cit., p. 22).
2. Substituting for H from (4.12) the elasticity can be expressed as
8
L

(4.17a) "Wh = mm.ﬁm P Y - a) .

REVISED ESTIMATES OF

LABOUR SUPPLY ELASTICITIES
by

Ashok echCHm

1. INTRODUCTION

The supply of labour in an economy depends on workforce
participation rates and on the number of hours which those working, or
actively seeking work, are prepared to offer. Since any individual's
propensity to work additional hours is the counterpart of his demand
for leisure, it is natural to model the supply of hours worked using

classical demand analysis. In the present paper, the hourly wage rate

This paper supercedes an earlier paper (Ashok Tulpule, "Empirical
Estimation of Labour Supply Elasticities,'' IMPACT Preliminary Working
Paper No. BP-12, Industries Assistance Commission, Melbourne, July
1978). There are two major changes :

(a) 1In the previous paper, non-labour income included all the
income from unincorporated private enterprises including
farms. In this paper a very large part of this income is
included in labour income and the estimates of non-labour
income are reduced accordingly.

(b) In the earlier paper alternative commodity aggregation schemes
that yielded different estimates of the Frisch parameter, o ,
were tried and the one that gave an acceptable value was used.
In this paper the value of the Frisch parameter is estimated

exogenously using results from an international cross sectional
study.

The reasons for making these revisions are discussed in sections 3
and 4 respectively. Data for two additional years are now avail-
able. However, the up-to-date data series includes a number of

revisions to the previous series on consumption, income and popula-
tion and the constant price consumption series are revalued at the

1973-74 prices. These revised data series have not been used in
this paper, and as before the analysis is based on years 1964-65 to
1875-76.

I am grateful to Alan Powell for his help, advice and comments on this
paper. Tony Lawson and Lynne Williams made valuable comments on
earlier drafts of this paper.
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22.

When y changes as a result of equi-proportional changes in a and w,

H will change by 6&H , where

8 8
L ,a
(4.13) SH = Sw ta - P;Y; w Wyl ot (= + <su Sw .

-W W

z
i=1

Substituting from (4.11) into (4.13), taking the limit as 6y +~ 0 , and

converting into elasticity terms, one ovnmwnmw H

-8 Py, W
L, i'i

(4.14) e, = M ¥ . i=1 r
(-8 (ayw)

For 1964-65 to 1975-76 the mean values of the variables on the right hand

side are :
Yy = 4639.19
a = 940.81
W o= 1.8486
H = 2000.58
and from (4.3)
8
.m PyYy = 1901.79
i=1

1. Substituting y = a + wH in (4.14) the elasticity can also be expressed
as 8

z P; vy P
(4.14a) e = izl 1+ MWQ .
-8+ YW v

lwr

2. 'THE MODEL

The celebrated Linear Expenditure System (LES) of Richard
mno:mH was extended into an inter-temporal framework by Lluch who
formulated the consumer/saver's choice as a control problem in con-
tinuous nwsw.m This enabled the savings function of an individual con-
sumer to be modelled simultaneously with his allocation of expenditure
among commodities. Hadar has demonstrated that inter-temporal consumption
problems under assumptions of continual replanning 'collapse' into

equivalent ‘as if' ome period wﬁovuwam.m An example of this is Howe's

short-cut for deriving ruuow.m Extended Linear Expenditure System Amrmwu.h
Betancourt, working in discrete time, further extended ELES to endogenize
the number of hours sonxmm.m In the treatment below, Betacourt's system
(TELES) is mmww<ma<cwW=m Howe's short-cut method. This involves treating
saving as if it were just one additional commodity for which the 'minimum

necessary quantity' is zero.

1. R. Stone, '"Linear Expenditure System and Demand Analysis : An Appli-
cation to the Pattern of British Demand", Economic Journal, Vol. 64,
No. 255 (September 1954), pp. 511-527.

2. C. Lluch, "The Extended Linear Expenditure System", European
Economic Review, Vol. 4 (April 1973), pp. 21-32.

3. J. Hadar, Mathematical Theory of Economic Behaviour (Reading,
Massachusetts: Addison-Wesley Publishing Company, 1971), pp. 224-228.

4. Howe, op. cit..
S. Betancourt, op. cit..
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20.

Income elasticity : The income elasticity of hours supplied measures

the percentage change in this variable resulting from a one per cent

change in income. In practice, it is unlikely that income will change
without a change in the wage rate. Consider a situvation in which both
the non-labour income and the hourly :wmm rate change by the same pro-

portion., That is, assume that

(4.5) —_— = =

Total income y is given by

(4.6) y = a+wH ( = non-labour + labour income) ,
and
“4.7 y = v +s { = total expenditure + savings) .

The income elasticity of hours supplied is defined as

_ 3
m&.mu e = M’VM

The demand equations for commodities (2.11) and for mw<w=wm (2.12)

appropriate to an 8 commodity model are :

mw,:.
(2.11) vi T Py v Bgje - me PyY; * WY, (i=1,...,8)
and
.8
(2.12) s = mm a- I PiY; * WYy, .

w = after tax hourly wage rate ;
(T-H)w = implicit value of leisure ;
T = maximum possible hours that can be worked if no time
is spent on leisure ;
H = hours worked ;

a = after tax non-labour income .

Notice that savings provides the numeraire for the system and has price

indentically unity. Equation (2.2) can also be written as

n-2
(2.3) Hw+a = s+ I .mw X -
i=1
The Lagrangean (F) is
n-2
(2.4) F = U+ 2 ﬁw +Hw - I p. x, - MM .
jop 7R

The first order conditions comprise equations (2.3) and those equations
aF oF 3F

obtained by setting T (i=1,...,n-2) , 5q and 3s to zero; viz.,
i
mw
2.5a = Ap. i=1,...,n- H
(2.52) I P; 1€ n-2)
8
(2.5b) = = Al
BL
(2.5¢) T = Aw .
(v



©*310 'do ‘xe3yjojusysy pue 110qqy T

*MOTOqQ POATIOP oXE
suorldunsse dtFroeds owos uo paseq sernmioy LITOTIseIy  ‘oSuBYyd SeIqBIIRA
snousBoxe 9yl MOY 3JUNODDE OJUT 9B O [BIIUGSSS ST 3T sofuryd yons

01 asucdsex syj Suranseow uy ra3ex ofem L1anoy syl ur sefueyd o3 enp
1Byl pue swodur sfem-uou ut ss3ueys o3 enp eyl : sixed oMl JO S$ISTSUOD
swoout ur s8uBys TBIO3 USALS Y *93ex afes L1Inoy 9yl pue ‘SOTITPOUMOD
o0 sootxd ‘swoout afem-uou ‘Aroweu fsoyqeiiza snousfoxs oyl ur

sodugyod 03 asuodsex ur porrddns sinoy Jo SOTITOTISEIO 9IBINOIBD 03 pasn

oq ued Tepow SITIL SY3: 3O srolemexed Syl JO SOIBWTISS SYL

S93BUTIST AIIOLISBIY

**geQ] OY3 UT UBY] IOMOT 1ByM

-owos oxe (S93BWIISS oyl 03 JUIpIoode) SIUSWAITNDOL SINSTOT UNUTUTH oYl
‘y3Ty ST BITRIISAY UT SINSTAT Sunsuod o031 L3rsuodoxd TeurSrem oyz oyTyM
snyy *rgtQ oYyl I0F [STAOY LSET FO 93BUTIS up umnwdwm se xpek xeod
sanoy ¢/yz ST (1 91qEL 995) BITBIISNY I0F 2IBUTISO g ayg, *sanyeA
UL oy3 3unoooe ojutr Suryea InOYaTA senfea 1y oy1 axedwod ou pinoys
suo osnedeq 9andTy *S°M 9yl Yata erqeredwod A1301XIS J0U ST ‘IaAeMoy
‘PITRIISTY 10J OIBWTISS Iy ydty Axea oyy *3xediojunco uestioury

STy 03 pexedwod se sanste] Ioy sousreyord TeurBrew ySty Ax0A B SMOYS

I9yIOM uBYiEIlsSTY oBvIoA® 943 Jeyl BUTIBOTPUT ‘OnlEA 'S'f] 9YI SOWIL T

2q 01 pelBwTiSs ST pI{eilsny ur ¢ 1y ¢ 2ansTe | sunsuod o3 L3rsusdoxd

‘61

(01°2) woxy vy xoy Surinitisqns £q smopN *poUMSU0d ST 2Insia] AXBSS8OsU
unmrutw ayy Afuo FT pauxes aq ued eyl awodur ofem oyqrssod ummrxem

pue swoout a8BM-UOU JO ums dYy3 ‘°9°T f,0WO00UT TINF, ST ms>3+mu aIoYM

H ﬂ
.a>=+ﬁ».mw-m \\ﬁ u« ﬁoﬁ.wv
Z-u

SpISTL (8°2) ojur (£°2) Fo wOIINITISQNS

TPOUMSUOD ST @InsTo] AIBSSo00U wnuTuIm 8yl ATuo FT

podIom 5q uBd 1BYl Sinoy o{qrssod TRETXEW oyl se poloidioqur oq ues A

- - = W (6°2)

axaym
¢ AUy, T T s T, Ty . .
M- A d g -lgn-s+ xd 7 I = (8-2)
u u

T
LT 7 - ﬁq>nziku M+ S+ X

-u z-u

T

(L°2)

p-:-l
12 o
\--—V-—-J
—
H]
-~

‘axoyaxayy

i
: M-n mess F-Toy fa g Y = T = ‘93 (9°2)
-u

=1
(o fq ‘eg-z) suorienbs u oyl Jurumns pue I= ﬂm

ks
u
UOTITPUOD 8Y3 Jo osn Furyem Aq psurelqo oq ued y JI0F uorssaxdwe uy

‘9



18.

7.
TABLE 2 : COMPARISON OF ESTIMATES OF MARGINAL BUDGET SHARES into (2.5a), {2.5b) and (2.5c¢), the following demand functions are
obtained :
Marginal Budget Shares
. * * . z n-2
Commodity mw ww Normalized Values, mw (2.11) v, = p.X. = Pp.Y. t+B. ja~- L p.y. * z<r ;
Other . i it i'i i PR
memm. Estimates® amwmm. u.s. :&.
ELES this R
study study Estimates n-2
(2.12) s = B |a- m PyY; oWy, ;
Food 0.0643 0.0455
0.143 0.1630 . - n-2
Drink § Tobacco 0.0521 0.0368 (2.13) whL = Wy, + mh a~- I PiY; WY, .
i
Clothing § Foot-
wear 0.0276 0.050 0.0195 0.1340
Housing 0.2464 0.220 0.1744 0.0755 Substituting Y, ® manxru into (2.13), yields
Household Durables 0.1252 0.082 0.0886 T 0.2380
s -2
Private Transport 0.1311 0.0927 - _ n
0.224 0.0997 (2.14) ko= Wy ¢ By e Eopgyy vy
Public Transport 0.0275 0.0194
Other Goods &
Services 0.3258 0.280 0.2306 0.1674 Given that L = T-H, (2.14) implies
Leisure -- - 0.2924 0.121
. n-2
Marginal Propen- (2.15) -wH = -wy, * mr a- I PyYy WYy .
sity to Consume, 0.7795 0.796 - - i
u
Marginal Propen- . . . . : :
sity to Save, 0.2205 0.204 — . . The TELES system estimated in this paper consists of equations (2.11),
1-w ’ (2.12) and (2.15) .- To keep the variance - covariance matrix of the
stochastic errors which are later appended to the behavioural equations
Sum 1 1

non-singular, one of the equations must be deleted before estimation.

In this case, equation (2.12) has been deleted. The model is estimated
(a) Lluch, Powell and Williams (Table 3.6, p. 44-45, op. cit.).

(b) Abbott and Ashenfelter, op. cit..
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16.

The simultaneous system of nine equations (2.11) and
(2.15) was estimated using Wymer's RESIMUL computer wmnrwmm.u The

resulting parameter estimates are shown in Table 1.

TABLE 1 : ESTIMATES OF PARAMETERS OF THE TELES MODEL

Parameters and (estimated Asymptotic
Standard Errors) .

Commodity
Minimum Necessary Marginal Budget
Quantities, ' Shares, mw
Food 530.74 (5.6562) 0.0379 (0.0021)
Drink & Tobacco 212.37 (1.6795) 0.0307 (0.0015)
Clothing & Footwear 256.57 (7.5882) 0.0163 (0.0030)
Housing 0.11 (7.3884) 0.1453 (0.0062)
Household Durables 51.19 (12.5492) 0.0738 (0.0031)
Private Transport 125.39 (9.6336) 0.0773 (0.0048)
Public Transport 61.76 (1.7193) 0.0162 (0.0006)
Other Goods & Services 311.13 au.wmmuu 0.1921 (0.0073)
Savings 0@ 0.1668 (0.0103)
Labour Supply/Leisure N.Aqw.moaaﬁmu.mmmuu 0.2436 (0.0256)
Sum 1.0000

{a) A priori restriction.
(b) Maximum possible work hours per year.

The first eight y's are 'subsistence quantities.® By themselves, these
are not very meaningful; however, p; Y; can be interpreted as the cost
at current price P; of purchasing a socially accepted minimum quantity of

good 1 . On the other hand Y, can be interpreted as the socially

1. C. R. Wymer, Computer Programs: RESIMUL Manual, (Washington, D.C.:
International Monetary Fund, 1977), (mimeo).

3. THE DATA

The following data series are required for estimating

the TELES model described below :
(i) Consumer expenditure at current prices on (n-2)
commodities mvwwa.
(ii) (n-2) prices indices ﬁmwvg
(iii) After tax labour income (wH),
mw<u Total disposable income (y).
(v) After tax non-labour income (a),
(vi) Total wocﬂm worked (H),
{vii) Hourly wage rate (w), and

{viii) Number of working persons .

The last series is required to calculate the various averages (expendi-

. . 1
ture, income, etc.) for a '"typical" consumer/worker.

(i) Consumer expenditure : Disaggregated data on private final consump-

tion expenditure at current prices for 1964-65 to 1975-76 are given in

the Australian Natiomnal >nnocaﬂm.w For the purposes of this paper the

commodities are grouped into the following eight groups :

1. The increased workforce participation of married women over the
period 1964-65 to 1975-76 raises the question of validity of the
concept of a typical or representative consumer/worker. In a
forthcoming paper separate estimates of elasticities are made for
several types of workers classified by their demographic character-
istics : Ashok Tulpulé, "Estimation of Elasticities of Supply of
Labour Hours for Australian Workers Classified by Sex and Marital
Status, IMPACT Preliminary Working Paper, Unilversity of
Melbourne, Melbourne (forthcoming).

2. Australian Bureau of Statistics, Australian Na
National Income and Expenditure 1975-76 (Ref. No. 7. Hv.
Canberra, 1977.
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14.

The first point can be illustrated as follows: In the linear
expenditure family of models including TELES, the eslasticity of the
marginal mmede of money with respect to total expenditure (which is
Frisch's w) is, strictly speaking, a <mﬂwwcum. The empirical tradition
is to evaluate this elasticity at mmsﬁum means (v, p) as follows:

4.1) ©w=-v/({ -~ mmw ;). An implausibly high value of -w is obtained
when me <w~ i.e., the subsistence expenditure at mean

prices, as estimated from the vy parameters, is too high. The elasticity
of labour supply en with respect to the wage rate which is derived later
(see 4.17a) is given by T = :mrmm Py Y5 - a)/wH. The negative value of
this elasticity produces the traditional backward-bending labour supply
n:~.<w.H It MM clear from this formula that if - (and hence m@w <wU is
overestimated, this will lead to an over-estimation of the absolute

value of the elasticity of labour supply with respect to the wage rate.

Thus the higher is (£ p., v.) the more negative is n, .
i1 hh

The second point will be clear from an examination of (2.15).
A high value of (-w) leads to a high value of Mmu<w. Suppose that, given
an initial set of estimates of the parameters, equation (2.15) holds
without error at some realized set of values of the variables. If Mww<w
is overestimated, to correct this without disturbing the fit of the equation
it will be necessary to make compensatory changes in the estimates of
parameters mr and Ty, Errors in the estimation of w may therefore lead

to biases in mr“ Yo OF in both.

Given the importance of the Frisch parameter in estimating
the labour supply elasticities and the difficulties encountered in
estimating it, in this paper, use is made of the procedure adopted by

2

Williams. This allows one to impose an a priori value of w on the

system at the sample midpoint. Using time series data for

1, It is assumed that Ipsv; > a.

2, R. Williams, op cit., p. 18.

11.

calculated by assuming that the self employed persons and farmers,
that is, the recipients of income from unincorporated private enter-
prises, receive, on average, the annual labour income per head that is
received by the average wage and salary earner. The average for the
wage and salary earner is obtained by dividing the total income from
wages, salaries and supplements by the number of wage and salary earners.
Thus a part of the income from unincorporated private enterprises is
considered dm be labour income. In those years when the imputed value
exceeded the ﬁowmu income from unincorporated private enterprises
(usually the years when farm incomes were low), it is assumed that all

such income is labour income.

In the previous paper (Ashok Tulpulé, op. cit.) only the
income from wages, salaries and supplements was considered to be
labour income. That assumption leads to an over-estimation of non-
labour income and mo:mmncmswuw yields a high value of the income
elasticity of supply of labour hours [see formulae (4.14a)}, and a low

value of the elasticity of labour supply with respect to the wage rate

[see formulae (4.17a)].

(iv) Total disposable income : Figures are published in the Australian
1

National Accounts.

(v)  After tax non-labour income : The figures are obtained by

subtracting (iii) from (iv).

1. ABS, op. cit..
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