hﬂ@&@iﬁ
Project

impact Centre IMPACT is an economic and demographic tesearch project
The University of Melbourne conducled by Commornwealth Government agencies in
153 Barry Street, Carlton association with the Faculty of Economics and Commerce at
Vic. 3053 Australia The University of Melbourne, the Faculty of Economics and
: the
Phones: (03) 344 7417 Commerce and the Departments of Economics in
Telex: Aﬁ(k 35{185 UNIMEL Research Schools at the Australian National University and

Telegrams: UNIMELB, Parkville  the School of Economics at La Trobe University.

AUSTRALIAN ESTIMATES OF WORKING'S MODEL

UNDER ADDITIVE PREFERENCES:

Estimates of a Consumer Demand System
for Use by CGE Modelers and
Other Applied Economists

by

Ching~Fan Chung
University of Florida

and

Alan A. Powell
IMPACT Research Centre
University of Melbourne
and
University of Florida

Preliminary Working Paper No. OP-61 Melbourne April 1987

The views expressed in this paper do

not necessarily reflect the opinions

of the participating agencles, nor
of the Commonwealth Government

ISSN 0813 - 7986

ISBN O 642 10144 2



This paper is issued simultaneously by the
University of Florida as McKethan-Matherly
Discussion Paper MM24 of the McKethan-
Matherly Eminent Scholar Chair within the

Graduate School of Business Administration



AUSTRALIAN ESTIMATES OF WORKING'S MODEL UNDER ADDITIVE PREFERENCES
by
Ching~Fan Chung and Alan A. Pcwell*

University of Florida
Gainesville, FL 32611

Abstract: In 1943 Holbrook Working postulated a declining linear
relationship between the share of food in a household’s budget and
the logarithm of its {(real) income. In a monograph to be pub-
lished this spring,. Theil and Clements (forthcoming (1987)) show
how Working’s empirical generalizaticq can be integrated into a
complete system of demand equations su;table both for time-series
and for cross-sectional work, Empirical evidence from both types
of data lends overwhelming support to the relationship fitted by
Working, with food’s budget share consistently estimated to de-
cline by 0,13 to 0.15 percentage points for gach one per cent in-
crease in real per capita income. Against this backdrop the
current paper wuses annual Australian time series data, 1933-54
through 1983-86, to fit Working’s Model under additive preferences
to a six commodity classification of consumption. It is found
that to obtain consistency with Working’'s Model, the quantity of
‘Rent’ (i.e., the services of the housing stock, largely
owner—occupied in Australia) must be treated exogenously, and the
(shadow) price treated as the. endogenous variable. The results
for food are broadly consistent with those found by Theil and

co~workers,

*Powell was on a special studies program from the University of
Melbourne, Australia, when this paper was written. Research
supported in part by the McKethan-Matherly Eminent Scholar Chair,

University of Florida.
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AUSTRALIAN ESTIMATES OF WORKING’S MODEL
UNDER ADDITIVE PREFERENCES:
Estimates of a Consumer Demand System for Use by
CGE Modelers and Other Applied Economists
by

Ching—Fan Chung and Alan A. Pcwell*

1. Introduction

The ORANI model (Dixon, Parmenter, Sutton and Vincent (1982)
—— hereinafter DPSV) has been used extensively as an aid to policy
analysis in Australia. (For 2 review of applications, see Powell
and Lawson (1986).) Most applications have been based on Johansen
{i.e., log~linearized differential) solutions of the model under
various policy shocks. Full non-linear solutions of ORANI have
been computed much less frequently. The latter are advisable when
the simulated economy is subjected to large shocks of a type
likely to cause major compositional changes in it. When full
non-linear solutions are computed, the functional farm of the
underlying consumer demand system assumes an importance which it

does not have in Johansen solutions —- for the latter,s; all that

*Nith the wusual caveat, the authors are very grateful to
Henri Theil for critical discussion and comments. Powell
acknowledges support of the University of Melbourne and the
McKethan-Matherly Eminent Scholar Chair at the University of
Florida, where this paper was written during Powell’s tenure of a
McKethan-Matherly Senior Research Fellowship.



matters is the local (viz., initial) values of the various demand
elasticities.

The consumer demand coefficients in the standard ORANI param-
eter file were obtained by Tulpulé and Powell (1978) using the
twice-extended linear expenditure system (within which the linear
expenditure system —-— the LES -- is nested). The QRANI model
itself is not tied to this specification (although the theory as
presented in DPSV does assume preference independence). Clements
and Smith (1983) have demonstrated the feasibility of allowing
ORANI to encompass mare general utility specifications in situa-
tions in which the available data will permit the estimation of
specific substitution parameters.

The aim of the present paper is to lay out a consumer demand
specification for the ORANI model which is suitable for use glob-
ally. By ’globally’ here is meant:

(a) both for Johansen and for full non-linear solutions of

the model;

(b} both for contemporaneocus comparative static (i.e.,

policy~analytic) and for forecasting solutions of the

models

and

(c) both for short-run and for long-run simulations.
As well, the specification sought is one sufficiently general to
allow the orderly accretion of information about specific substi-
tution effects into the para@eter file if and when reliable new
data make this possible. Finally, since the larger matrix of

parameters into which such new information is to be imbedded can,



with convenience, only be changed once every S or so years, the
specification sought is one which

{(d) is valid over substantial variations in income;
and

(e} 1is amenable to the modeling of demographic change.

Working’s (1943) Model provides a parsimonious yet empirical-
ly successful parameterization of Engel responses, and has been
incorporated successfully into modern approaches to the analytics
of demand systems by Deaton and Muellbauer (1980) and by Theil and
Clements (forthcoming (1987)). Theil has demonstrated the ro-
bustness of Working’s relationship between (average) budget shares
of broadly defined commodities and real per capita income. Marry-
ing an additive preference postulate to Working’s model, and hence
making due allowance within this expanded framework for variation
in pricess he estimated a complete system of consumer demand
equations from the following data set:

(AY a cross section of 30 countries from the international

comparisons project (Kravis et al. (1982)).

With co-workers (Finke et al. (1984); Flood et al. (1984)) he
estimated the same model also from

(B} =& timé—series of annual Japanese data (1931-1972).
These two data sets produced estimates of the flexibility of the
marginal utility of total expenditure in fairly close agreement
(-0.9526 and ~0.642, respectively). The method was sucressful in
capturing the variation in marginal budget shares over the very
wide disperginn of real income per head within these two samples;

in particular, the marginal share of food in total household



expenditure was estimated from data set A to decline by 0.134 Tor
mach 1| per cent increase in real income per head, and by 0.153
from data set B. This represents a substantial advance in intui-
tive appeal and empirical performance over models (such as those
in the LES family) in which marginal budget shares are parametri-

cally constant.

The remainder of this paper is structured as follows. In
Section 2 Theil’s development of Working’s model is briefly
recapitulated. Sections 3 and 4, respectively contain a descrip-
tion of the Australian data base and an outline of the proposed
methods of estimation. In Section 5 we report initial estimates
of our demand system for & broadly defined commodity groups.
Section & contains a discussion of difficulties associated with
estimating a demand equation for the services of the housing stock
(’Rent’), which in Australia is largely owner-occupied. In Sec~
tion 7 the Rent equation is respecified to reflect more nearly the
realities of the Australian data. Then in Section B8 revised
estimates are presented. In the ninth, concludings sections we

offer our final remarks and a perspective for future research.

2. Working’s Model under Additive Preferences

This section recapitulates the development of the topic by
Theil in Theil and Clements (forthcoming 1987). Working’s (1943)
model is chosen to represent the response of the consumption of

broadly defined commodities to changing real income levels mainly



because of its outstanding empirical success. Apart from the
evidence mentioned above under (A) and (B) in Section 1, this
success is documented:

ta) for a 1970 cross section of 15 countries by Theil and

Suhm (1981)3
(by for a 25-year Dutch and a 2i-year Belgian time series,
by Finke and Flood (1984);
(c) for estimates based separately on three cross sections
comprising 14, 34 and 58 countries in 1970, 19735 and
1980, respectively, by Fiebig, Seale and Theil (forthcom-
ing 1987)3
(d) for a pooled subset of the above data based on 30
countries which are common to all three cross sections,
by the same authors (ibid.).
Mareover, the results mentioned above for the budget share of food
were confirmed by Musgrove (1985) who fitted Working’s Model to a
1976-77 survey of some 4,000 households in’ the Dominican Republic
the found -0.14, rather than -0.15, however, for the coefficient
in question). Applying the AIDS model to American time-series
data, Blanciforti and Green (1983) report a slightly lower fall
(0.13) in the budget share of food per one per cent increase in
real ewpenditure levels.

We adopt the notation set out in Table 2.1. For the moment
we deal with the behavior of one representative agent on whom we
will impose the demand-theoretic constraints associated with the
behavior of an jindividual consumer, (For some arguments in favor

of the validity of such aggregation, see Barnett (1979).) Apart



Table 2.1

Notation Used for Working’'s Model under Aadditive Preferences

Prices:

p. Price of broadly-defined commodity i (i = 1,..., n)
(observation subscript suppressed).

Pit Price of broadly-defined commodity 1 at observation t.
P(t) The set of prices (dit’ I pnt) prevailing at t.
P Column vector format of P(t).
(1) . oty
P A reference set Df prices; P = (piT, PR pnw}'
n
dlog Pt Divisia price index at t: dlog Ptjzii wjt dlog pjt'

dlog Pé Frisch price index a t: dlog Pé

T (w, + f Ydlo L.
i it 3 9 Pse

w3

1
P A consumer price index.

Total Expenditure:

Mt Total per capita consumer expenditure at observation t.

M'r A particular reference value of Mt'

Qt’ QT Real per capita total ewpenditure indexes corresponding,
respectively, to Mt and MT: Qt = Mt/Pt; D'r = MT/P1.

Quantities:

] Q See above.

t’ T
954 Per capita quantity of commodity i consumed at t.

dlog Qt Divisia volume index: dlog @

w3

- z wjtdlog th‘

3=1

.. -continued



Table 2.1 (continued) 7

Shares:

Share of commodity 1 in consumer’s budget at t:

it
Wig T P9y My
;it An average of the budget shares at t and (t—-1):3
Wig TR ey vy
" Budget share of commodity i1 at real expenditure level B

a?q)at relative prices prevailing in the reference set
P

.

Operators, Functions:

log ¢ ) Natural logarithm.

d Ordinary differential.
A Ordinary backward difference operator.
D Discrete approximation to dlog ( )5 e.g.,
Dp.%t = jlog Pig = log (pit/pi,t~1)‘ Note that DG.‘t ig
defined by:
n -
DQt = ‘f th Alog qjt.
j=1
bar _
over See Wit above under ’shares’.
symbol
Parameters:
ai Intercept in Working’s Model: See equation (2.1).
Bi Change in budget share of i (in percentage points) per one
per cent change in veal expenditure per head: see

equation (2.1).




from random errors which will be appended later, the Engel rvre-

sponse of our representative agent is assumed to be:

(2.1) Wo = ooy + ﬁilog Q (i=1,...s n commodities),

which is Working’s model. Egn (2.1) is supposed to hold at fixed

relative prices; here we suppose that (2.1) holds at the relative

prices prevailing in the reference set P(T) = (piT, Po teess pnT}.
Let M'r be the nominal value of total expenditure which vields a
real value of Q¢ when prices are asgs in P(T). If Wy is the value

of the budget share for commodity 1 at some arbitrary set of

. (t)y _ : . .
prices P = (plt’ pat,..., pnt) and nominal income Mt in the

neighborhoods of P(T) and M,r respectively, then the deviation (wit

- wi7) by construction is a differential equal to the sum of the
income and substitution effects involved in the movements from

(t), M, }. The differential in the ith budget

(7))
(P ) Mw } to (P €

share can be written:

(2.2) dwi = (W, - w, ) = d(piqi/M)

il

Ni[d log p, + d log q, - d log M}

#

n
wi[(d log pi —'f Wjd log pj)
j=1

n
- {d log M - % wj d log pj) + d log qi}.

i=1



We note that the Divisia aggregate quantity (or real total expen-

diture) index is:

n
(2.3) d log @ = d log M - L

w,d lo e
P j g DJ

If, in moving from {P(T), MT ¥ to {P(t), Mt }, we sterilize any

real income change by giving an increment dM to total expenditure,

where

(2.4) aM/M =
3

[ ]

w.d log p.>
19 J

then (2.2) becomes?

(2.3) dwi = (w,, — w, )

i

n
Wy (d log Py~ E

w.d lo )+ ow.d lo L.
o1 j g PJ R 9 q,

In eqn (2.5), the first right-hand term is the change in the ith
budget share which we would observe as the result of the change in
relative prices in moving from P(T) to P(t) if there were no
quantity adjustments to these changes. The second right-hand term
is due solely to the adjustment of guantities demanded as a result
of relative price changes at the constant real total expenditure
level Q. By construction, therefore, the (d log qi) are substitu~

tion effects. Under additive preferences these may be written

(see, e.g., Theil (1967), pp. 197-198):
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n
2 .
(2.8} wid log g; = ?# a(piql {? log Py - z 3(quj)d log p,}.
3 M ;=1 8 M J
An alternative way of writing (2.1) is:
(2.7) Py, = MTQi + aiMT log DT (i=ly.u.s NI,

Hence the marginal budget shares are:

(2.8) B(piqi)/aﬁ = u, o+ ﬁi log @ + Mﬂi 3log Q/3M.
(where the 7 subscript is implicit). But, by definition
(2.9) Q= M/P.

With prices fixed (as they must be in evaluating the marginal

budget shares), 3log 0/9M = 1/M; and so

(2.10) 3(p,a)/3M = w, + 6.

Substituting (2.10) into (2.6}, the substitution component of the

differential in commadity i’s budget share may be written

(2.11) wid log qi = ¢(wi + Bi) fd log P; ~ (wi + ﬂj)d log pj].

N M3
-

3

Substituting from (2.11) into (2.5), we obtain



n
(2.12) dw, = (w,, = w, ) = w.(d logp, -~ L
i i i 5=1

+ Fi(wi + ai)[d log By -

Finally substituting for Wi from (2.12) into (2.1)s; we obtain:

(2.13) Wop T oy + ﬂilog Qt + wi(d log P, - d

i1

.d 1 )
w5 °g P

L o

i=1

log P)

+ ¢(wi + ai)(d log Py - d log P’}

where we have abbreviated the notation for the

(w, + 8. ) d log p,]
J 3 3

Frisch and Divisia

price indexes as in Table 2.1, and have used the fact that Qt

{by construction). Equation (2.13) tells us the following:

(i) if, at observation t, relative prices are as in the

()

reference set P s the budget share of commodity i is

simply linear in real per capita expenditure Q -~ no

explicit price terms appear (Warking’s model).

Q
r

(ii) if, on the other hand, relative prices at t differ from

(T}

those prevailing in P by é ’small’ differential

vector, dp, then to the component (i) we must add the

corrections C, (dp) and € (dp), where;

1 2

il

(2.14a) C, {(dp) wi(d log Py - d log P)

i

and

]

(2.14b) Cytdp)

¢(wit + ai)[d log pi - d log
In (2.14), Cl(dp) (which is just the third
(2.13)) represents the direct effect of the

budget shares before any allowance is made

p’].

right;hand term

of

price changes dp on

for adjustments

by
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consumers to guantities demanded; Ca(p) represents quantity ad-~
justments by consumers at given @3 i.e., substitution effects.

How can we make (2.13) operational? The most obvious method
is to apply this equation directly to discrete data. In that
case,; (2.13) is replaced by:

n
it f

(2.45) w, = & + ﬁi log Qt + wit[log (pit/piw) - wjt log (pjt/pjT)]

=1

n
f (N't + aj) log (pjt/pjT)]

+ ¢(wit + ﬁi)[lcg (pit/piT) - \ j

3

+ €, (i=1ly ...,

The following points about this operational version should be

noted:
1. The budget shares on the right of (2.15) ideally would

be evaluated at suitable average values such as w;t,

o1
(where Wy =5 [wit + wiql).
2. Differentials in logs of prices have been replaced by
differences.
3. The money flexibility # has been treated as a constant,

since the empirical evidence in favor of its variation.
given (2.1}, is so weak (see Theil, Section 2.13 in Ch.
2 of Theil and Clements (forthcoming 1987)).

4. Stochastic errors eit have now been appended.

S. To guarantee that budget shares sum to unity, it is

sufficient that:



i3

n
(2.1éa) Lo, = 13
. i
i=1
n
(2.16b) Z R, = 03
. i
i=1
and that
n
(2.14c) £ €, = 0 for all t.
i=1 it

We require these three restrictions to be satisfied in
all that follows.

6. In consequence of (2.16c), at any t, the variance-

covariance matrix among the‘€it is of rank n-—-1.

In fact, (2.15) is the form of uorkihg’s model fitted by
Theil (in Ch. 2 of Theil and Clements (forthcoming 1987)) to
international cross—-section data. The reference set of prices
chosen, P(T), was the set of geometric means {(across countries) of
commodity prices. NMNote, however, that since the W, are unobserv-
able, the means w?t were not available for use in (2.13); the Wit
were used instead. ‘

For time eeries work, we can commence with (2.13), whose

discrete analog is:

n
(2.17) & = f.DA, + w - i
wi ﬂi . wit(Dpit i w . Dp ) Ccontinuedl
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|11 e

+ ¢(wit*.ﬂi)ﬁmit - <wjt+-ﬁj)npj4 >

i=1

(i=1y..45 N}

where the wit’s on the right have been treated as constants and
set egqual to their average values at (t — 1) and t. From the

development following (2.2) we have seen that:

Nj d log pj) - d log @ + d log qi].

1)
-
1]
o
£
L}
b3
o
™
[l
pt
o]
0
o
t
M3

i

(2.19)

z
b
o

!
b4
b
o
=]

o
-
o+

i
WMo

3

Using (2.19) in (2.17):; we obtain:

2]
TRl YA NDR T E LW T RPDR et By

(2.20) Yig ﬂiDQt ) &
j=1

in which

(2.21) Yig = wit(int - DQt)’

and it is a random disturbance. Egn (2.20) is the form of Work—

ing’s model used by Theil and colleagues to analyze time series

data (e.g., Finke, Flood and Theil (1984)).



15

3. The Australian Data

In this paper we report estimates based on national time-
series data; these estimates are later compared with synoptic
evidence from the 1984 official Household Expenditure Survey
(Australian Bureau of Statistics (19846)). It was desirable that
tha time-series data be as long as possible: first, ;n order to
provide a wide measure of variation in real per capita expendi-

ture; second, in order to provide a workable sample size for

maximum likelihood estimation. Disaggregated constant-price
consumption data first become available ~- at the six—commodity
level —- in 1953-543 disaggregation to the sixteen-commodity level

is possible from 1969-70 onwards. The process of knitting these
data together will only be described briefly here; full details
are available in Appendix 1.

The principles behind our data handling were these: (AY all
index numbers should respect the (price) x {quantity) = (value)
identity. (B) Price indexes, to be computed as implicit deflators
from data on expenditures in current prices, and in constant
prices, should be computed pnly from setrictly matched series;
i.e., from data for these variables published in the same issue of
the same publication. (This is required because substantial
revisions of these data are made over time. Mismatched series
would produce spurious apparent price variations.) [§59)] Where the
relevant price information can be inferred from more than ﬁne

matched pair of series, the most recently published matched data
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are used. (D) Series requiring linking are spliced using an OLS
regression through the origin which utilizes all the available
overlapping observations. (E) The current-price expenditure data
in the final data base is taken from the most recently published
statistics. (F) UWhere accuracy in the value of the level of a
variable, and accuracy in its percentage change over time, beccome
competing goals, the latter objective is given precedence (after
all, our model is in log changes}.

The assembly of our time series data base proceeded in the

following stages:

(1} The identification of matched series on expenditure,
disaggregated as fully as possible, in current and
constant prices. Three such pairs of series,; each based
on constant prices of a different year, were required to
sﬁan our sample of 33 annual observations, 1933-354
through 1985-86.

(2) The conversion of all of the constant-price expenditure
data to the basis of the same year (1979-80) via a
simple index—linking procedure. Notice that the data
converted in this way are still matched against their
original nominal expenditure series.

(3) The imputation of a time series of ccmmodity—specific
price indexes (base 1979-80 = 100) from the matched
series (where the level of commodity disaggregation
varies throughout the sample in line with the maximum
number of constant-price expenditure series available).

(4) The aggregation of these price index numbers to the
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tevel of the six commodities available throughout the

33-year sample;i namely:

1. Food

2. Tobacco, cigarettes, alcoholic drinks
3. Clothings footwear

4. Household durables

5. Rent

6. All other expenditures

In line with principle (A) above, component price
indexes were aggregated using their shares in the value
of the budget in 1979-80.

(S) The aggregation of the most recently published
curfent—price expenditure data to the six commodity
categories listed above, and the computation of budget

shares {(w Y.

it ot Vet

(&) The division of the six current-price expenditure series
from step (5) by the corresponding price index series
from step (4), followed by the further deflation of
these commodity-specific gquantity indexes by an estimate
of population, to obtain per capita quantity indexes
(qlt’ e qbt}'

Further details of the manipulations performed, citation of

primary sources, and tabulations of the data can be found

Appendix 1.
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4. Estimation Methods

The estimation method employed was conventional maximum
likelihood. Following Barten (196%), we note that the maximum
likelihood estimation of a complete system of demand equations is
easily handled by the deletion of an arbitrarily chosen equation
(we chose i = &, Other ), and that the MLE’s are invariant to this
choice. The likelihood function may be written (see, e.g., Theil,
p. 54 in Theil and Clements (forthcoming (1987)) as:

1

(6.1 L = constant + 16 log | 5 |
1 32 - -1 ~
-3 § vy —v? T 7ty =y b,
t=1

where
(4.2) Yy = ‘ylt' PRPR ySt) [see (2.21)1]
and

yt = (ylt’ es ey YSt)
(4.3) = DQta + sﬁdiag(X)(;st + ) ~ (;t +a)(at+ f¥’X3,
in which
(4.4) fi o= ({31: R (35)’5
(4.5) diag {(vector) = diagonal matrix made from that vector,

= — — - r

{4.6) X (Dplt prt’ Dpat Dpét’ ey DpSt prt) 3
and

= .- - ,
(4.7) We (wlt 3 esen wSt) .

Notice that (4.3) is just a matrix notation for the non-stochastic
part of the right-hand side of (2.20).
The asymptotic standard errors of the estimates of the

model’s six free parameters ﬁl’ ey “5 and @ (recall that
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)

ﬁé = - #.) are obtained from the information matrix in the con-
i=t

ventional manner (see, e.g.»> Theil in Theil and Clements {(forth-

coming 1987), p. S4).

5. Initial Results

The results of our estimation of (2.20) are shown in Table
5.1. Also shown there are implicit estimates of elasticities with
respect to total expenditures; as well as estimated first serial
correlation coefficients. The complete set of residuals is shown
in Table 5.2.

The first noteworthy feature of these results is the estimat-
ed ai for Food,; and its apparently low asymptotic standard error.
This point estimate of ~0.12 is somewhat less in absolute value
than those commonly found (around -0.14 to -0.13) from tbe wide
variety of data sources mentioned'above in Sections 1 (see points
(A)Y and (B)Y) and 2 (points {(a), by, {(c), tdyy and (e)). The
Australian data, however, include restaurant meals,; while the
other data sources apparently do not. (Certainly the Internation-—
al Comparisons data do not.) Since the total expenditure elastic-
ity for restaurant meals presumably exceeds unitys; the Australian
QFOOD should be less than estimates based on just food for eating
at home.

Other aspects of Table 5.1 cause concern. The errors are not

remotely well-behaved, as a glance either at the last column of
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Table 5.1t

Maximum Likelihood Estimates of Working’s Model under
Additive Preferences from Australian Data
1953-54 through 198586

Ratioc of Implied Demand Estimated
MLE to Elasticity with First
Asympto~ Respect to Tot?é) Serial
Commodity MLE tic Std Expenditure in Correl-
i of Error 1933~ 1969~ 1985~ ation of
ﬁi 54 70 86 Residuals
LES! Ni17 ni33
1. Food ~0.1211 .7 0.348 0.367 0.239 C.B34
2. Tobacco,
cigarettes,
alcohol -0.0387 ~4.3 0.690 C.642 0.518 0.447
3. Clothing,
footwear ~0.0265 ~2 .4 0.802 0.708 0.572 0.532
4. Household
durables 0.06%96 4.2 1.872 1.902 2.030 0.682
5. Rent ~0.0101 ~0.3 0.860 0.91% G.954 0.797
6. Other 0.1208 1.8 1.355 1.284 1.2885 0.335

MLE of ¢, the reciprocal of the elasticity with respect to total
expenditure of the marginal utility of total expenditure: -0.4926.
Ratio of MLE of # to asymptotic standard error: 7.5,

(a) Computed as {1 + (MLE of Bi)/(actual wit)J'
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Residuals from Fitted Equations Corresponding to Table 5.1

vear Food Tobacco, Clothing, House- Rent Other
cigarettes, foot- hold
alcohol wear durables

1953~-55 -0.0019 0.0006 0.0020 -0.0037 0.0002 0.0029
1954-56 0.0000 0.0001 -0.,0020 -0.0011 0.0020 0.0012
1955-57 0.000% 0.0004 ~0.0038 ~0.0005 0.0024 0.0006
19356~58 ~0.0011 ~0.0004% -0.0037 0.0033 0.0017 0.0001
1957-59 -0.000%9 -0.0020 ~0.0021 0.0016 0.0024 00,0011
1958-60 -0.0043 ~-0.0022 00,0000 ~0.00285 ~0.0040 0.0130
1959~61 -0.0046 00,0000 -0.0001 ~-0.0043 00,0040 0.0051
1960~-62 0.0036 -0.0009 -0.0038 ~0.0043 0.0041 0.0013
1961-63 0.0011 -0.0020 ~0.0020 -0.0031 0.0011 0.0050
196264 -0.0024 -0.0002 0.0084 ~-0.0024 00,0003 0.0023
1963-65 ~0.0003 0.0003 ~0.0001 -0.0004 0.0013 -0.0008
1964-66 0.001%9 0.0004 ~0.000%9 -0.0041 0.0028 0.0000
1965~67 0.0023 00,0000 -0.0010 —0.0043 0.0023 0.0005
196668 -0.00153 0.0013 -0.0002 -0.0008 0.0028 -0.0018
1967-69 -0.0018 -0.0003 -0.0007 0.0018 0.0011 ~-0.0002
1968-70 -0.0013 0.0004 -0.0011 -0.0024 0.0041 00,0002
1969~71 0.0003 0.0001 -0.0003 -0.0018 0.0035 =-0.0018
197072 0.0028 -0.0013 -0.0012 -0.0004 00,0024 ~0.0019
1971~73 00,0004 0.0005 0.00&22 0.0002 0.0011 -0.0044
1972~74 -0.0023 0.000%9 0.000&6 0.0067 =-0.0004 ~0.0052
1973~-73 0.0028 -Q.0014 ~-0.0038 00,0021 0.0013 -0.0011
1974-76 0.0032 ~-0.0019 ~-0.0049 0.0011 0.0030 ~0.0005
1975~-77 G.0027 0.0005 -~0.0034 -0.0033 0.0063 -0.002%9
1976~-78 00,0084 0.0001 -0.0007 ~0.0070 0.0079 =-0.0027
1977-79 0.0010 -0,0029 ~0.0013 -0.0066 0.0047 00,0053
1978-80 0.0000 -0.0007 -0.,0013 ~0.0031 0.0043 0.0010
1979-81 o.002%9 ¢.0004 00,0008 0.000& 0.0032 ~0.0078
1980-82 0.0015 -0,0005 -0.0003 -0.0029 0.0048 ~0.0084
1981-83 -0,0008 -0.0036 ~0.0003 -0.0047 0.008%9 0.0007
198284 -0.0018 ~-0.0026 ~0.0010 -0.,0013 0.0076 ~0.0009
1983-85 0.0000 -0.0018 -0.000% ~-0.,0032 0.0074 =-0.0013
1984-8646" 0.0057 -0.0005 ~0.0001 ~0.0024 0.0084 ~0.0111

*
For example,; 1973-75 refers to the first
for the fiscal vyears 1973-74 and 1974-73.

(2.20)

differences in equation
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Table 5.1, or at the residuals displayed in Table S.2, will con-
firm. In Theil’s extension of Working’s model, in the absence of
strong countervailing relative price effects the total expenditure
elasticities of luxuries ("it > 1) approach unity as real per
capita total expenditure grows without limit (Dt—ém), while those

of necessities (nit < 1) decline as the living standard improves.
Table 5.1 gives two cases (Household durables and Rent) wherea,

apparently either

(1) the model was not consistent with the datas

or,
(ii) the relative price effects were very strong,s causing the
budget shares of an apparent luxury (Household durables) and
of an apparent necessity (Rent) both te increase over the
sample period.

Relative price effects indeed are strong in our sample. The

ratios of values of commodity-specific price indexes in 1985-86 to

their initial values in 1953-54 (taken from Appendix Table Al.&)

are:

Food Clothing Tobacco, etc. Household Rent Other
durables

5.679 7.686 5.212 3.939 15.870 8.017

Thus the two anomalous cases relate,respectively, to the relative
price which has risen most (Rent) and to the price which has
fallen most (Household durables). Note, however, that in neither

case is the price movement countervailing: the share of Rent



23

increased too fast in relation to changes in income before any
account is taken of the massive increase in the relative price of
Rent over the sample; while the share of Household durables de-
clined despite an expenditure elasticity in excess of one and a
big fall in price relative to other goods. UWe shall pQrsue fur—
ther of the puzzling case of Rent in Sections & and 7.

At a more general level, considerable disagreement is evident
between the Table S.1 estimates of total expenditure elasticities
and earlier estimates based on the linear expenditure system and
its extensions. These conflicts are displayed in Table 5.3. They
are serious for Rent, Clothing, and Household durables, in that
order.

As a test of the specification (2.20) this equation was modi—
fied to include autonomous trends in budget shares; thus instead

of (2.20); we fitted:

(5.1)  y,, = 6,+ £,DQ.+ ¢(Git+ (li)[Dpit —jgl(‘;jt«» (&j)Dpjt} +oeiy
where yit is as defined in (2.20) and ei is the autonomous change
in i’s budget share (100 ei is the percentage point change per
annum). The results are shown in Table 5.4. '

Key features of these results are as follows:
(i) An asymptotic likelihood ratio test (Theil (1971), pp.

3946~7) of the joint restrictions

vields a Xg value of 62.6, which is highly significant,
indicating that the trend parameters are playing an

important role.
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Table 5.3

Estimates of Expenditure Elasticities
Compared with Earlier Estimates

for Australia

Source of Estimate/Approx. Year to Which
Estimate Applies

Commodity Present Study
A/1961 B/1961-62 C/196%-70 1961 ~462 1969-70

Food 0.45 0.34 0.47 .37
Tobacco,

cigarettes, 0.43

alcohol 0.48 0.97 0.&67 0.64
Clothing, 0.52 0.45 0.29 .75 0.71

footwear
Household

durables 1.ee 1.06 1.38 1.91 1.90
Rent (a) 1.89 1.73 1.89 0.90 0.95
Other 1.35 1.43 1.18 1.31 1.28

Sources: A. Powell (1973).
B. Lluch, Powell, and Williams (1977). p. 312.
C. Tulpulé and Powell (1978).

ta) Reaggregations from the original results are necessary to
obtain the first three items in this row. These are done using
budget share data derived from Appendix 1,



Table 5.4

Maximum Likelihood Estimates of Working’s Model Under
Additive Preferences from Australian Data with

Autonomous Trends, 1953-54 through 1985-86

Implied First
Ratio of MLE Demand Serial
to Asymp-~ Elasticity Corre-—
totic Std  with respect lation
MLE of Error for to Total of
Commodity i ExpenQi§ure Resid-
_in % uals
ei Qi 61 ﬁi 1969~ 1985~
70 86
1. Food ~-0.0001 -0.0961 -0.3 ~5.6 0.498 0.396 0.249
2. Tobacco,
cigarettes,
alcohol ~-0.0006 -0.0282 -2.3 ~3.2 0.4691 0.593 0.2%96
3. Clothing,
footwear -0, 0083 0.0342 -6.0 2.5 1.377 1.333 0.004
4, Household
durables ~0.0080 0.0864 ~2.5 3.5 2.113 2.878 0.542
5. Rent 0.0037 ~0.0556 8.0 ~3.2 0.582 0.747 0.706
&. Other 0.0015 0.05%92 1.4 1.6 1.139 1.140 0.230
MLE of @, the reciprocal of the elasticity with respéct to total

expenditure of the marginal utility of money = -0.5126.
Ratio of MLE of ¢ to asymptotic standard error = 9.2.

ta) Computed as [1 + (MLE of ﬂi)/(actual wit)].
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(i1) The estimated values of the Bi are sensitive to this
specification; Clothing (reckoned in Table 5.1 as a
necessity) now appears as a luxury.

(ii1i) The serial properties of the residuals improve only
slightly, except for Clothing, where the improvement is
spectacular.

(iv) The Frisch parameter ¢ is relatively stable under the
changed specification.

(v) The results for Rent are even more difficult to reconcile
with earlier work.

&, The Strange Case of Rent

The category Rent’ in our data base consists of housing rental
payments and imputed rents by home owners. The latter are guanti-
tatively much more important than the former: in the 1984 House-
held Expenditure Survey (Australian Bureau of Statistics (1986a)
more than 71 per cent of respondents either owned their dwellings
outright, or were purchasing them. The budget share of Rent has
increased consistently throughout the sample (Figure 6.1): on
average, each 1 per cent increase in real expenditure per head led
to an increase of 0.17 percentage points in the budget share of
Rent. Within the framework of Working’s Model, these stylized
facts would imply that the total expenditure elasticity of Rent at
the sample midpoint is (.12 + .17)/(.12)3 namely 2.4. This is
gqualitatively similar to results obtained with the Klein-Rubin
utility function from earlier Australian data (e.g., Tulpulé and

Powell (1978) report a value of 1.9.
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Of course, in the results reported above in Table S.i, the
response of Rent’s budget share is measured by fitting Theil’s
extended version of Working’s Model in the first-difference form
{(2.20). The sign of the point estimate of -0.01 for ﬁRENT is
surprising. That this sign is not simply the result of the
differencing operation can be verified by fitting a regression
through the origin of the changes in Rent’s share, WoenT? OF the
changes log @ in the logarithm of total real expenditure per
head: the resultant estimate of ﬁRENT is +0.11 (nominal t value =
3.02);s yielding a total expenditure elasticity of 1.9 at the

 sample mid-point. It seems, then, that the negative sign for

I has been produced by the price effects in egn (2.21). Yet

RENT
as we have seen above, these strong price effects are an embar-
rassment 50 far as consistency with Working’s Model goes.

Can information from other sources be of help? Unfortunately,
the 1984 Household Expenditure Survey (Australian Bureau of Sta-
tistics (19B6a)) cannot shed definitive light on the question,
since the survey data contain records only of market expenditures,
but no information on the value of the rental services consumed on
own account. However, it is possible to make an imputation of the
value of rental services of houses which are owned by occupiers
(see Appendix 2). The synoptic cross section data give average
values for deciles of the income (NOT the total expenditure)
distribution; thus it was possible to fit regressions which,
apart from an additive error term, were of the form:

(6. 1) de = % + ﬂslog Qd. (d = 1, ...s 1035 deciles)
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Results are given helow for two bases of imputation of
owner—-opccuplied rent:

(i) with mortgage payments on fully owned housing imputed
simply on the ratio of housing "owned outright" to
"heing bought” in each decile;

(ii) in a manner similar to (i) but, with imputed mortgage
payments scaled by a multiplier which reconciles the
Australia-wide budget share for Rent so obtained to
ite value in the time-series database in 1984.

The form (&.1) was modified to the extent of including an
additive dummy for the lowest income decile group, which was an
extreme outlier (although (6.1) was fitted first). The apparent
reasan for the anomalous behavior of fhe lowest income decile is
the very high proportion of dwellings occupied by one person only
(the average number of persons per household for the decile is
only 1.33; the next jowest value for any decile is 27 . The re—
sults are shown in Table 6.1.

The results in Table &.1 lend support to the negative sign of
the BRENT value estimated from the time-series; they are not of
help, however, either in

{a) reconciling the behavior of the time-series data on

Rent to Working’s Models
or in

(b) reconciling the earlier high estimated total

expendi ture elasticities of Rent with the values
ectimated in the present study.

Evidently, a more radical reappraisal of the method is required.
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Table 6.1

Estimates of Working’s Model for Rent from Synopsis of

1984 Househo

1d Expenditure Survey¥

Status of
Imputed
Rent Data:

1. Regressions of form: Wey = X + ﬁslog d

2]

(i) scaled
for consis-
tency with
the time-—
series

(ii) not so
scaled

w, =

5d

e

!t’ values

W

Sd

Itl values:

0.8709 - 0.1318 log @

4

4.75 3.54 RZ = o0.226
0.6992 - 0.1062 log @,

10.01 7.42 RE = 0.345

2.

. (a) |
Regressions of the form: Wey T oog * std + leogms

(1) scaled
for consis-
tency with

the. time-
series

(ii) not so
scaled

w =

Sd

ltl values:

¥sg

lt! values:

= 0.6387 + 0.1010 Xd

0.9008 + 0.15B4 Xd - 0.1411 log Qd

118.17

RE = 0,975

153.07 201.05

- 0.0959 lag @

211,71

193.34 141.74
2

R™ = 0.969

* Based on the official 1984 Household Expenditure Survey,

Australia.
tics (1984).
Appendix 2.

For
Regressions are

Primary source of data is Australian Bureau of Statis-
a description

of data handling ‘“methods see

across values of variables for the

ten deciles of the distribution of cash income per household.

(a)

= 0 otherwise.

1 ifd =1

(the decile with the lowest income);
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7. Treatina Rent as ’Rent’

7.1 Background Theory

The demand system (2.20) was estimated above on the conven—
tional assumption of exogenous market prices. Exogeneity,; there;
was invaked in two contexts: first, an underlying microbehavioral
postulate: households take prices as given, and maximize utility
sub ject to a budget constraint; second, as an econometric assump-
tion allowing the identification of our data as tracing out a set
of demand functions. The latter assumption, which ig a statement
about market (rather than household) data, does not necessarily
follow from the former} its main justification is the pragmatic
one that wuswally it vyields sensible estimates on the basis of
aggregative time-series data.

The above approach is not the only one which has been used
successfully to identify demand equations. For instance, there is
a voluminous literature in applied agricultural economics in which
the guantity of commodity i available on day t in a given market
is predetermined (reflecting, among other things, prices prevail-
ing on days t-1; t-2;5 ...>» etc.). Daily prices then adjust to
clear the market. Day to day movements in quantity thus trace out
a demand curve. This is the polar extreme from the assumption of
exagenous current prices. The two proceduress however, are very
much alike: in one case, the supply schedule is depicted as
horizontal; in the other as vertical; in either case,; movements
of the supply schedule trace out demand curves.

In the- case of year to year movements in the Australian

market for the services of the housing stock, the situation is
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better approximated by one in which the stock of housing is prede-
termined rather than by one in which the price of rental services
is predetermined. This holds at both levels aof the argument:
first, the majority (more than 70 per cent) of households own the
domicile they inhabit, and therefore, in the short run, face a
predetermined quantity; second, the aggregate housing stock
adjusts only slowly to relative commodity prices. We therefore
feel that ocur data are better handled by departing from the simple
"endogenous q, exogenous p" paradigm in favor of one in which the
prices of commodities other than Rent are treated exogenously (as
before), but in which the quantity rental services (rather than
its price) is treated exogenously. That is, at the micro level,

we postulate that Problem A, now described, underlies our data:

Problem A Choose (q1; PR qé} to maximize
[

(7.1) utg) = £ U _{q.)
j=p 93

subject to

5
(7.2) L g.p, = M%,
5=1 3
and
(7.3 O, = Qg0
where M° is a predetermined total (’cash expenditure’}!; where Pys

seey ps are predetermined prices; where 56 is the predetermined
quantity of housing services consumed; and where U is strictly

quasi-concave.
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Notice that in (7.1) we have continued to maintain, as in
Section 2, that the utility function is additive. Also notice
that, in order to simplify notation in what follows, we have reor-—
dered the commodities, for the rest of the paper, so that "Rent"

comes last (i=&6).

Problem B Choose (ql, PRI qé} to maximize
&

(7.4) Ulg) = £ U, _(g.)
j=1 o3

subject to

&

(7.5) L gq.p, =M
3:133

where M (total expenditure) and Py eees Pg are predetermined;
and where U is strictly quasi-concave.

Problem B is important because it provides the context in
which Houthakker’s (1960) result on additive preferences was de-
rived: this is the result which allowed the simplification (2.6)
above. Does this result apply equally to Problem A? Fortunately,
other than the requirement that q6 be treated as an exogenous
variable, Problems A and B have identical first order conditions;
this in turn implies that the result (2.6) is available to us
under formulation B, since this restriction was obtained simply by
manipulating the first-order conditions for Problem A (for details
of these manipulations see e.g., Phlips (1974) pp. 60-63 or Powell
(1974) pp.24-29).

To see the equivalence (in the sense defined above) of Prob-

ljems A and B, write their respective Lagrangeans as:
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(7.6) Lafas Ay pys Mo prs wees pos 56>
3
= o 0 - o -
Utg) + A%«(M 5§1qu3) + p6x (q6 qé),
and
&
(7.7) LB(q,X 3 M, Pys =ees pb) = Ulg) + A (M —jzlquj).
LB is straightforwards; LA requires some explanation. A is the

Lagrange multiplier on the S~commoaity budget constraint on cash
expenditure, while (p6A°) is the Lagrange multiplier on the stock‘
of housing constraint (7.3). Equivalently, Py is the Lagrange
multiplier on

(7.8) ¥a, = Na, s

since (because of the non-satiation axiom, itself covered above by
strict quasi-concavity) »® > 0, (7.8) 1is eguivalent to (7.3).
Handling the multiplier on (7.3) this way has advantage that Pg is

the shadow price (in the most literal neo-classical sense, the

"rent") of the given housing stock expressed in dollars (rather
than in utils). The marginal utility of cash expenditure, A%,
being dimensioned as wutils per dollar, when multiplied by p6

produces a multiplier whose dimensions are wutils per unit of

housing stock.

Let U; dencte the partial derivative of U with respect to g
The first-order conditions for Problem A are:

(7.9 SLA/qu = U; - Mpi = 03 ti=1, ..., &)

6
(7.10) T AL,/3 0 = MO+ p,g,) - Zpa; =0



33

and

= a, - A°® =
(7.11) aLA/ap6 x°q, Ata, 0.
The first of these, (7.9), looks very much like the first of the

first—~order conditions for Problem B, which are:

(7.12} BLB/aqi = Ui - A pi = Q 3 (i=ls ... 6)
and
&
(7.13) 3L /3y =M - Zp.q. = 0,
B j=1pJqJ

Indeed,; the anly difference between (7.9) and (7.12) is that & in
the latter replaces A° in the formeri however, each is interpret-
ed as the marginal utility of a dollar optimally spent. If we
define M as the sum of cash expenditures on commodities 1, ...» 3
plus the imputed expenditure on Rent, reckoned at the shadow price
of housing Py then (7.10) and (7.13) are equivalent. (7.112
merely states that q6 must assume its given value aé -— @quiva-—
lent, in terms of manipulations of the system, to erasing the bar
and treating q, as an exogenous variable. This result; of course,

also applies in the case when all of the prices are endogenous,

and all of the quantities exogenous ——- sSee e.g.» Theil (197&),'
p. 122}
1f 100 per cent of the Australian housing stock were

owner-occupied, the above arguments would not be of much benefit,
since p6 would be an unobservable variable. However, the 30 per
cent of the market in which cash rental transactions take place
renders pé observable provided we assume that these prices are
equal to the shadow prices of owner-occupied stock ( a market

equilibrium condition). This is the assumption underlying the
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imputation used to construct the official data with which we are
working.
lLest there be any confusion over the context in which
exogeneity of 9 is invoked by us, let us state explicitly:
(a8} our ‘representative’ agent is an owner-occupier who
takes 0, 2% fixeds;
and
(b) the market data reflect a total housing stock which is
exogenous.
Also notice that even if we replace (a) with the conventional
theory (applicable to the 30 per cent of households which rent
accommodation), (b) would still justify our treating qb as
exogenous in our econometric work with market data. Finally, to
recapitulate, there is no conflict in the form of the behavioral
relations induced by (a) and by the more conventional alternative.
A final result needed below 1is the fcllcwing: given the
additivity of U, the conditional demand function for commodities 1
through 35, given the quantity of Rent consumed, may be found as

the solution to:

Problem C Choose {ql, e qs) to maximize
% 5
(7.14) u ==z Uj(qj)

i=1

sub ject to
5
{(7.15) L p.q. = M%,
j=1 33
where M? is the total expenditure which would be found as the

optimal amount to spend on items 1 through S by solving Problem B.

It follows that if M° (total cash expenditure, in the case of our
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database) is exogenous, the demand system may be consistently
estimated in two steps:

(i) fit é subsystem of 3 equations in which guantities are

endogenous, and prices pi, cees p5 and cash expenditure
M? are exogencuss’
(ii) fit a single equation in which Pg is endogenous and M°,
pl, PR p5 and q6 are exogenous.
To be sure, it might be possible to improve efficiency of estima~-
tion by handling the two steps simultaneocusly, but this did not
prove to be feasible.

The development in the next section of the rental price
equation is able to go a long way just on the basis of additive
preferences; finally, however, this equation’s parameterization
depends on the form of the S-commodity expenditure subsystem. UWe
shall fit Theil’s extension of Working’s Model to the subsystem

(not to the system as a whole) in ocur empirical work.

7.2 Deriving the Rental Price Equation

We start with Houthakker’s (1940) result on additive prefer-
ences, which may be written as:
(7.16) Gij = —¢ninj, (i % 33 1s J = 1y .0 &)
in which Gi‘ is the Allen-Uzawa partial substitution elasticity
between i and j; @, as before, is:
(7.17) $p = 1/(3log A/3log M);
and ni is the elasticity of demand for i with respect to total
spending:

.18} A : .
7 nx dlog qx/ 8 log M =] saes Py constant

1)
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(Note that equations (7.16) and (2.4) are equivalent.) Next we
note that the ordinary uncompensated cross-price elasticity of
demand for i with respect to the price of j is:

(7.19) nij = wj (aij - ni) (i # i),

In (7.19), chij may be interpreted as the compensated cross
elasticity of demand for i with respect to the price of §j (see
e.g.s Powell (1974), p. 1333 summing such terms over j corre-
sponds to the thought experiment in which all prices rise by one

per cent with a simultaneous one per cent relaxation of the budget

constraint; thus
&
(7.20) T wo.. =0, (i = 1y ...9 &)

which implies

&
(7.21) 2n.,="'n‘ . (i = 1, ...s 6)
RS i
j=1
Hence
5]
b6 = Ty v E L0
i=1
[from (7.19)1
3
= -[N .
£ + v? w (ij né)l
j=1
S
(7.22) = —Cwbn6 +‘§ Njcbj]'
i=1
Under additive preferences we may use (7.16), obtaining:
5
(7.23) neé = —[nbwé - ¢n6 i wjnj].

j=1
However, the weighted average of all elasticities with respect to

total expenqiture must be unitys therefore,
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3
(7.24) Zwn, =1 -w H
j=t 33

substituting this expression into (7.23), we obtain:

(7.29) = n6(¢ - wb(vﬁn6 + 133,

et

For finite differentials we can write, in the context of

Problem B,
)
(7.86) dlog a, = 521“65 dlog pj + nbdlog M.
Therefore,
=]
(7.27) dlog Py = {dlog qQ, - nb dlog M — 5§1n63 dlog pj)/nﬁb.

(7.27) is the equation needed to complete our demand system. We
need not attempt unconstrained estimation of the linear combina—
tion of prices on the right,; as we will know a good deal about the
values of the n&j coefficients from step 1 -— i.e., from our
eztimation of the five-commodity subsystem. In particular, we
will have estimated demand elasticities with respect to subsystem
total expenditure M@ i.e., estimates of the coefficients

(7.28) n¢ = 3log qi/alog Me (i=1, ..., 9)

; Pyt sy Pg const.

will be available. We can find the elasticities with respect to
total expenditure M using the chain rule:

(7.29} ni = (3 log qi/ 3log M°3(3 log M°/3 lag M), (i=1y ... D)
where the partials are taken with all prices held constant (and we
are, therefore,; in the world of Problem B).

In fact

(7.30) Mo = M - PA, }

since
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3log M° ™ aq6
(7.31) — @ = (] - Py, —
dlog M Me M
= (1 - w,) 1(1 - w )
& s"e’?
thus

i}

o - —
(7.323) g = 001 = w, n /00 = W)
(7.32b) = n;n* , (say) (=1, ...5 5)

where n* is the elasticity of demand <for the subgroup (qla cees

qS) as a whole with respect to total expenditure. Using (7.32}
and (7.16) in (7.19), for i = & we obtain:
#*
(7.33) n, . - w. n, tn%n + 11. (j#6)
63 i # ’

Now we substitute from (7.33) into (7.27), obtaining:
(7.34) dlog Py = dlog qél{qbt¢ - w6(¢n6 + 133133

-~ dlog M/[g - w6(¢n6 + 133

5
+ ‘E wjdlog pj/[¢ - wb(wsn6 + 1)1
i=1
® 3
+ #n I w_n° dlo L - w ign, + 1)3.
g j=1wJ J o Py g 6%
Recalling that
(7.35) W, = Wo(l - w, ),
i b} 6

where wg is the share of commodity j (3;=1, ...,5) in the budget
for the five-commodity subsystem, and recognizing that (wgng) is
just the marginal budget share of commodity j within the subsys-
tem, we can see that the last two terms om the right of (7.34),
respectively, involve the Divisia and the Frisch price indexes for
the five-commodity aggregate. Writing

5

(7.36) dlog (P°) = X

w® dlog pj [Divisia price indexl
=1

and
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5
(7.37 dleg (Pe)’ = I (wint)dlog p
5=1

i {(Frisch price index]

(7.34) after clearing fractions becomes:

(7.38) g - w6(¢n6 + 1)1 dlog Py

[

(dlog qb)/n6 - dlog M

+

- ¢
(1 wb) dlog (P*°)

+ g {1 - wn

0,0 dlog (P,

Notice that (7.38) possesses the following homogeneity property:
if g is held constant and each of pl, e pS and M increases by
one per cent, then so also do the rental price and M°, thus leav-
ing relative prices and all quantities undisturbed. Notice also
that once the estimation of the subsystem is complete, (7.38)
contains only observable variables plus # and nb.

To this point, our results have not wutilized any information
on the form of the Engel curves. However, given that we have
adopted Working’s Model for the subsystem; the operational analog

of dlog (P?)7 is:

(7.39) D(Poy? =
3

(R

(we + @°) log p.

P 3 9P
in which @#9° is estimated from Working’s Model applied to the
subsystem. For the sake of explicitness; we note that the

latter’s operational form is:
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o = o
(7.40) yit Bi DQ %
- ~ S ~
0w o — -2 o
+ @ (wit + (li)[Dpit ;El(wjt + 6j)DpjtJ
L]
tethe
in which
8 w0 - °
(7.41) y$, = w¢, (Dg,, - DAL).

In these equations DQ% is the Divisia volume index Tfor the
five-commodity aggregate, while #° is the reciprocal of the elas-
ticity with respect to expenditure totalled over the five commodi-
ties of the marginal utility of money.

How does ¢ relate to ¢°7 Since, at fixed prices, a one per

: : . * . :
cent increase in M° translates into an 1I/M per cent increase in

M, we have that

(7.42) # = [31log A /3 log M1~}
= [(3log A/3log M®)(3log M°/3log M1 ™1
#
= = — o —
@/ (1 - wBe/(1 = W,

Notice that with ¢° assumed globally constant (from step 1), ¢
must be treated as a variable. Once #° is estimated in step 1,
substitution from (7.42) into (7.38) yields an equation whose only
unknown is nb’ It is our task to estimate it. At this stage we
musty therefore, specify how the shares W, and (1~ wé) vary with
income at constant prices. Again we adopt Working’s Model (which
consequently now is nested two deep). Then

Wely = ¥y T By
To obtain the final form of our estimating equation from (7.34) we

(7.43)

must do the following:
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(i) Make substitutions from (7.42) and (7.43) to obtain an
expression in which the only parameter not already
known from the subsystem estimation is 66.

(ii) Restore the data-point subscript t to all variables.

(iii) Replace logarithmic differentials with differences of
logarithms, and replace commodity six’s share; Wep by
its average values Gét.

{iv) Express DMt in terms of exogenous variables and Dpét.

(v} Append an error structure.
The result of steps (i) - (iii) is:
o - =
(7.44) [go (1 wét) wét]Dpét
= Ewbt/(wbt + {36)]Dq6t - DMt
...‘- <
+ (1 th)D(Pt)
o _'— DYy 2
+ ge (1 wbt)D(pt)
But
= Q
(7.45) DMt E Alog (Mt + pétqét)
o~ - °
z {1 wét)Alog Mt
+ wét(Alog Qe * Alog pét) H
that is,
~ _—_ (-3 - o
(7.46) DMt (1 wbt)DMt + wéthét + wthp6t .

Ignoring second-order approximation errors, we see that (7.44) and

(7.46) jointly imply:

1

(7.47) BODp, . = (w, Dlw, o+ 8,0 " = 13/41 = w, )3Da, .

- o ° o »
DMt + DPt) + @ D(P%) .

An ideal estimation procedure would take account of the fact that

B, D(P%) and D(P%)’ have sampling errors generated by the subsys—

tem disturbances (e%t} in (7.40)3 here, however, we will simply
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append an additive zero mean error Ve to (7.47), and compute a

(non—-linear) least-squares estimator of aé which minimizes the
criterion
3

g
(7.48) ARV
t=1

3e
- 2
= - - go 0y
i C¢°DpEt f(wét, B&) Dq6t + D(Qg) & D(Pt) 17,

2
¢ t=1

where f(abt’ B&) is the expression within curly parentheses on the
right of (7.47). If we assume that Vi is normally distributed
with classical serial properties, then, conditional on the values
of the subsysteﬁ parameters, we can compute an asymptotic standard

error for our estimate of 66 from:

a2 .

(7.49) s,, = [6o/ 32¢ £ ¢rriap,281%
g6 E Ve 6
t=1
where
~n 38
(7.50) ¢ = £ %32,
t=1 °©

Some of the properties of the estimator defined by minimizing
(7.48) can be inferred a priori. First; when the marginal budget
share of Rent passes throﬁgh zero {(the dividing line between
normal and inferior goods), there is a positive infinite disconti-
nuity in the criterion function. From (7.47) it can be seen that
T experiences such singular points whenever “6 is set equal to the
negative of any of the sample values of aét' However, since in
the world of additive preferences inferiority is ruled out, when
eptimizing “5 we need only scan the half line whose lower bound is
minus the minimum sample value of th (namely, 0.0742), This
constraint then places immediate prior bounds on the total expen-

diture elasticity of Rent at any date. Consider 1985, for
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example, where the relevant th (also the sample maximum) is

0.2136. Then the above proposition establishes that Ny, 1985 lies
¥

in the interval (1 - 0.0742/0.28136, ) = (0.465264, w). The corre-
sponding bound for 1954, which is both the start of the sample and
the point at which the minimum value of aét pccurs, is  just the
positive half line (0, w®). WNotice that the estimates of Bé ob—
tained in Section & from the synoptic cross~section data would, in

light of the early time-series values of w imply that Rent were

st
an inferior good in the early part of the time-series. But our
maintained hypothesis ~-- additive preferences -— rules such an

eventuality out.

8. Revised Estimates

8.1 Five~Commodity Subsystem

Subsystem estimates of Working’s Model, with and without
trends are given in Table 8.1. Although serial correlation re-
mains a problem, these estimates are satisfactory in that broadly
they conform to Working’s Model, although the elasticity of demand
for Household durables (a luxury) still increases slightly over
the sample period. Collectively, the trends are still significant
at the five per cent level according to the asymptotic likelihood
ratio test (Xz = 18.77). Notice, however,; that relative to the
earlier results, these trends provide less conclusive evidence of
misspecification, Clothing being the only case in which the expen—
diture elasticity is still very sensitive to their inclusion or
exclusion. Because unexplained trends are not viable in CGE

modeling ,» from this point on we work with the trend-free esti-

mates. It is to be hoped that further econometric work might
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unravel the mechanisms responsible for the remaining trends (espe-
cially in the case of Clothing), so that they can be incorporated
explicitly into the modeling exercise.

8.2 Rental Price Equation

The price-of-Rent equation (7.47) has only one parameter, Bé.
The sum-of-squares function, conditional on the subsystem estima-
tion without trends, is shown in Figure 8.1. The estimated value
of ﬁb is 0.40075 with an estimated conditional asymptotic standard
error of 0.143997. There is, however , evidence of
misspecification in the residuals (Table 8.2), which have a
first-order serial correlation of 0.363. The sign pattern of the
residuals indicates that eqguation (7.47) underpredicts price
changes in the early years of the sample {1953-54 through
1961-62), overpredicts in the middle (1962-63 through 1975-76) and
underpredicts in the last part of the sample (1976~77 through
1985-86). The increasingly deregulated nature of housing interest
rates in the ’eighties might explain the last episode, but is of
no help in explaining the “fifties. Nevertheless, the residuals
from (7.43) are much better behaved than those for Rent displayed
in Table 5.2, and now are qualitatively comparable to the residu-
als from the other fitted equations,

The point estimate of 66 implies very high income elastici-
ties for housing by Australians. If we take Working’s Model in
the outer nest of our 2-tiered system literally, then the total
expenditure elasticity for Rent in 1953-54 had the extraordinarily
high value of 6.5; by the end of the sample it had declined to

the still very high value of 2.8. And of course, these values are
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Table B.2
Residuals from Fitted Rental

Price Equation

Vear* Residual vear © Residual
1933-55 -,0020%93
1954-56 -,015587 1969~71 -.004816
1955-57 -, 0280537 1970~72 . 003847
1956-58 ~-,013419 197173 .0124602
1937-59 -.019167 1972~74 . 036622
1958~-560 .0328733 1973~73 . 021520
193961 -.052299 197476 .003343
1960-62 -.031232 1975~77 -.081372
1961-63 .014063 197678 -.0288320
1962-64 .019891 197779 -,000089
1963-65 .02e738 1978-80 . 007855
1964~-66 -.001863 1979~-81 .012244
1965-467 .0149350 1980-82 -.0028409
1966~-68 L017471 1981-83 ~.031007
1967-69 L.024917 1983-84 -.019340
1968~70 . 018363 1983-83 -.015533
198486 -, 01946467

First-order Serial Correlation Coefficient: 0.343
Mean Residual: .000831

Mean of Absolute Value of Residual as Proportion of Left-hand

Variable {(per cent): 44.8

For example, 1964-66 refers to the data point generated by
the differences in the relevant variables between 1964-65 and
1965-b6b.,
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widely divergent from the Australian synoptic cross~sectional
evidence of Table 6.1, which suggests a total expenditure elastic-
ity for Rent in 1984 in the range 0.30 to 0.53.

We should not take the point estimate of g literally,

6
however. The two standard-error band spans the interval (0.1128,
0.6887). The weight of external evidence favors a lows; rather
than a high value; for example, using data from the International
Comparisons Project, Theil in Theil and Clements (forthcoming
(1987), p. 32) finds & value of 0.032 for the category *Gross Rent
and Fuel’; and as we have seen above, our preliminary examination
of the 1984 Household Expenditure Survey points to a negative
value of f for Rent.

We take the lower bound of our two standard error band as

our preferred estimate of @ Thiss, in conjunction with the

RENT *
subsystem estimates (estimated without trends) of Table 8.1, leads
to the results displayed in Table 8.3.
The results in Table 8.3 exhibit the following (relative-
ly) satisfactory characteristics:
(a) The behavior over time of the total expendi ture
elasticity for Rent is consistent with Working’s Model.
(h) Although Frisch’s money flexibility @ necessarily
varies over time in our treatment, this variation i;
minimal (2.7 per cent in 33 years).
NMext we turn to the integration of the results at the two
levels of estimation into a single set of systems estimates. The

total expenditure elasticities for the five commodities of the

subsystem are found simply by multiplying their elasticities with
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Table 8.3
Estimated 2-Level Working’s Model:
Main Characteristics of

Outer Nest

Total
Budget Total Total Expen- Substi- Ouwn Price
Expen- Expen— diture tution (e
Share diture diture Elasti Elas Elasticity

Elasti- Elasti- city of ticity

city for city for M.U. of between )

of Rent Rent Rest(a

Year Rent Rest'®) Money Rent %
t W x #, Rest'®’ *

6t Not et t & Moo, t  Menyt

19353-54 0.0724 2.538 0.8784 ~-0.5146 1.16 -1.26 ~0.90
1969-70 0.1241 1,909 0.8712 ~0.511 0.85 -0.98 -0.87
1985-846 0.2194 1.514 0.8355 -0.502 0.65 -0.84 ~0.81

Descriptive measure of goodness of fit (d): C.411
(e "Rest” is the S-commodity subsystem aggregate whose

volume is measured by (23 its components are the commodities
listed in column 1 of Tab¥e 8.1.

tb) Minus the product of the previous three columnsj see
eqn (7.16).

(€)' gee egn (7.25).

td) The RE from a simple regression of the left-hand vari-
able in egqn (7.47) on its estimated values.
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respect to M° by the elasticity of M° with respect to M:

= pno
(8.1) nit nitnt
= ° -

qit(l w

Yi-w (i=1, ..., 5)

st et st!
Own and cross price elasticities for the system may be worked out

using equations (7.19), (8.1), (7.21), and (7.42). We obtain:

(8.2a) nijt = 3log qit/31°g pjth = const
* * 2
== — ° 0 ) -] - 3 s 3 <
ntnitwjtw(nt njt+13 H (i, % &y 1 #& j)
(8.26) n = -nine w, (g nin,, + 11 3 (i # &)
. i6t Mt 7 N et
(8.3a) 1 = 000 (po 0%t - w,, - w. . 0?00 ~ w
: iit thit t &t ittt it
#*
o 3 .
+ w&t¢ ntnét) H (i # &)
(8.36) n =on, L 0A%n, - w,, (#°nF + 113
bt st t bt t
and
(8.4) n = =N W (AN T, 4 1] . (3 # &)
bt 6t it t! M

These formulae contain only #°, elasticities with respect to cash

expenditure M? or total expenditure Mt’ and observed shares in the

t
total budget. The elasticities are obtained directly from the
latter and the estimated parameters from Working’s Model at the

appropriate level:

3 ¢ = o /w0 s F
(8.35) nit 1+ (&i/wit H (i=1, ...; 35)
(8.&6) nét = 1 + ﬁé/wét.

Putting i = 1 in the above formulae and t = 33, we can, for exam-—

ple; compute the estimated own and cross-price elasticities for

Food in 1985-84. We abtain:
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Estimated Elasticities of Demand for Food in 1985-86 with respect
to Price of:

Food Tobaccos Cloth- H’Hold Other Rent Sum Total
cigs; ing Dura- Prev- |Expen—
Alcohol bles ious diture
Columns M
-.1789 ~-.0148 -.0133 -. 0054 -.0%530 -.0147| -~.2801; .a801

Note that the own and cross price elasticities sum, as they
should, to minus the total expenditure elasticity.

How do our estimates for Food compare with the commonly found
result mentioned in Section 17 Recall that when Working’s Model
was fitted at a single level of commodity disaggregation, the “1
parameter for Food was estimated variously at values from -0.13
(Blancifqrti and Green (1983), from U.S5, time series 1948 through
1978) through -0.15 (Theil and associates -- see Sections 1| and 2
for references -- from Japanese time series 1951 through 1972, and
from a cross section of 30 countries from the International Com-
parisons Project). HBecause we have used a nested version of
Working’s Model, there is no directly comparable “i for Food.
However , whereas in the standard model described in Section 2, the
marginal budget share of every commodity takes the form (wit +
ﬂi), in our nested model the marginal share of component i of
major commodity s in the total budget Mt becomes:

(s) ()
" Eai (65 * wst) * ﬁswit 1o

(s ()
(8.7 APy 93y VM T Mg it

. . ) ( . . .
in which p;i and qi:),respectlvely,are the price and guantity of

is the share in the total budget of

o nt i withi 3 .
component w Win s3 w(s,x)t
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the ith component of 53 Q:S) is the f parameter for i as estimat-
ed from the subsystem in which the quantity index log Q(S) for the

group s as a whole appears on the right as the "income" variablej
fi_ is the corresponding parameter for the major group s as a whole
as estimated from the outer-nest Working’s Model, in which log @

appears as the “"income" variable; Wy is the budget share of

major group s3 and finally, w;z) is the share of component com-

modity 1 within the subsystem expenditure total for s: in our

example, Mg. In our application s = 2 indicates the miscellanecus
commodity comprising everything except Rent; thus 62 = —31 =

2y ,. _ . : _
GRENT’ and the ai (1 = 1y ..., 5) are just the B; in the nota

tion of Section 7, while the subsystem shares written above as
wfi) were, in the notation of the latter Section, written w;t'
The expression in square parentheses on the right of (8.7),

although a variable, is the entity most directly comparable with

the corresponding parameter Bi in an unnested system. Call this
expression ﬁ?t. Then the values of G:t implied for Food (i = 1)
by our 2-level estimates are as follows:

* #* *

19353-54 61t= ~0.1445 1949-70: Bit= ~0.129; 1985~86: ﬂltz ~-0.11¢4
Given the existence of restaurant and take~away (viz.,
"carry-out") prepared food in the Australian data, and the in-
creasing share of this compornent in total Food, these Australian

estimates are thus consistent with the weight of international

evidence. The results also point to the greater flexibility of
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the Engel responses possible under a nested specification of

Working's Model.

8.3 Further Disagqregation ~— An Illustration

Finally, there is the possibility of wusing the results ob-
tained from the S-commodity subsystem and the Rental price equa-
tion to estimate further subsystems. Data are available at the
16-commodity level of disaggregation for the most recent 17 years
of the sample (Australian Bureau of Statistics (198é4b)). "For a
selection of some of these commodities, and of some aggregates
thereof which are still finer than the broad &é-commodity level so
far employed, it would be reasonable to continue to maintain the
additive preference postulate. To make matters concrete, consider
the disaggregation of Tobacce, cigarettes and alcohol into Tobacco
products and Alcoholic beverages. Under additive preferences, we
can write:

(8.8) a;f) = _¢<e>n(ia>n§a) . Gz o3
Here the notation is as follows. oi?) is the elasticity of sub-
stitution between component commodities 1 and j within major
commodity 2 (Tobacco, cigarettes, and alcoholic beverages). ¢(E)

is the reciprocal of the elasticity with respect to total spending

on commodity 2 of the marginal utility of money. The

2)

n. are the elasticities with respect to total spending on major
commodity 2 of the demand for subcommodity i (i = 1, in our exam-—
ple, is Tobacco products, while i = 2 indicates alcoholic beverag-

es). Using arguments similar to those used in Section 7 we see
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that if #° is a parameter, then ¢(2) {and more generally, ¢(S) (s
= 1, ..., &6)) is a variable whose value at t is
(8.9) ¢;8’ = £dlag M3 log (PLE)QEE))J‘I

= C2log A2 log G{2717!

— (a )\ 3 o . (2} ° -1

= [dlog A/9 log Mt) + { 3log Gt /3 log Mt>3

= o no

% N3y -

We can use Working’s Model at a third level of nesting for the
disaggregation of a major commodity into its components. In the
case of Tobacco, cigarettes, and alcohol, we would write (analo-

gously with (2.20)):

2) _ &) 2) 0.0 —-{2) (2)
(8.10) yit = ﬁi DDt + (B “at)(”it + Bi }
(2} g ~-{2) {(2) (2} {(2)
EDp, ¢ ”jfiwgt RO Dp ) e
in which
(2) —-(2) (2) (23
(8.11) it = wit (int - DQt )

The notation is as follows: the superscript within parentheses (in
this case 2) identifies the major commodity being disaggregated;
the i and j subscripts identify the components thereof (in this

case there are 2 components, but more generally, ng (say), where s

=1, ..., &), ﬁ;a) is defined such that <J;f’ + 3;2)) is  the
X -(2
marginal share of i in the value of major commodity 2, where wit)
is the corresponding average budget share (in the microeconomic
2) 2) : . : :
sense) . Dpit and int y respectively, are the logarithmic first
differences of the price and quantity of component i of wmajor
commodity 2, while Daéa) is the (operational version of) the

Divisia index for the quantity of major commodity 2.
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The price elasticities for the components of major commodi-
ties can be derived using methods analogous to those underlying

equations (8.2) to (B.&). In general, we can use (7.19); namely,

n =W, (

it it aijt‘— nit) (i #F i)

where cijt and nit have to be computed using the appropriate

choice of parameters from the different levels of estimation. In

general:

(8.18) oijt = -¢tnitnjt ?

where ¢t is defined by (7.42); i.e.,

(8,13) ¢t = (1 - wét)¢°/(1 - wbt“&t);

and, for Rent:

nbt = (1 + ﬂélwét) H

while for other major commodities i, which are not Ffurther

(8.14)

disaggregated, (see (7.32b)),
- - - *
= — [ 1] - = ° .
(8.15) nit (1 wbtnét)(l + Bi/wit)/(l wét) qeng, 3
and finallys for commodities i which themselves are components of

major commodities s at the S~commodity level,

_ sy . % .
(8.16) Nieg = Nig Moy ? (i € s)

- (s)
o 3 o ° 3
where nst is (1 + ﬁslwst) and Ny is
{(s) _ (s)
(8.17) Ny < 3log qit/ dlog Qt
- (s),-(s) "
= (1 + ﬁi /wit y . (i € s)

Own price elasticities are computed using (7.281) (with the upper
limit of summation changed to reflect the total number of commodi-
ties finally distinguished in the 3-tiered system).

For reasons of space we do not pursue the matter further
here; we simply report the result of the estimation of our chosen

example; namely, the disaggregation of major commodity s = 2
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(Tobacco, cigarettes, and alcohol) into its components, i= 13
Tobacco products; and 1 = 2: Alcoholic beverages. We obtain
6;8) = ~0.2127 (and hence, ﬂéa) = +0.2127). The standard error is
of the order of 4.53 therefore, these point estimates are not

reliable. However, we illustrate the method by using these values
in (8.17), and thence calculating the cross elasticity of Food

with respect to Tobacco products and Alcoholic beverages separate-

ly for 1985-86. The relevant shares are w{f) = 0,2829 (the share

of Tobacco products within Tobacco, cigarettes and alcohol in

1985-84), and its complement w(a)

o {the share of Alccholic beverag-

es within the same major group). From Table 8.1 we see that nét
in 1985-86 is 0.352 (to four places, 0.5207) and from Table 8.2
that nt is 0.83355; wusing (8.16) we obtain the following values of

the total expenditure elasticities:

Estimated Elasticities in 1985-86 with Respect to

Total Expenditure for:

Tobacco Products Alcoholic beverages Tobacco, cigarettes
and alcohol

a1t Ta,2)rt nat
0.1105 0.5776 0.4433
Above, n(s,i)t is the total expenditure elasticity for component i

of major commodity s at t. MNotice that weighting these elastici-
ties by their shares (0.2829 and 0.7171, respectively) within major

commodity 2, and adding them up, we obtain a value of 0.4455 for
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nat, which is identical with the value estimated from the

S—commodity subsystem via egn (8.13). That is, in general,
(s)

(8.18) Zow,

= . (s= v j ities)
. it N(s,ilt Net 5=1, s & major commpodities

Having obtained the total expenditure elasticities for the
components of major commodity 2; we conclude our illustration by
computing the cross elasticity of the demand for Food with respect
to the prices of these components. For the first of these cross

elasticities we obtain:

(2) 2)
3 = -
(8.19) log qltlalog Pig [w1t watl L (¢tn(2,1)t + 1)
= ~0,0051;
and for the second:
2) (2)
3 = -
(8.20) log qltlalog Pay [wEt watJ Ny (¢tn(2.8)t + 1)
= -0.0097.

Notice that these elasticities add to the cross elasticity of Food
with respect to the price of major commodity 2 in the panel dis-
played after equation (8.7); namely, -0.0148. More generally if
we define:

(8.21)  m_, ... =2logaq,/log p;:’ .

where r is a major or a minor commodity and i is a component of s,
then we require:

(8.22) z
i€s

Tryts,irt =~ Mret ?

which simply says that increasing the prices of all components of
major commodity s by one per cent has the same effect on the

demand for any commodity r as increasing the overall price (index)
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of s by one per cent. This property, and (8.18), are preserved
under applications of formulae (8.12) through (8.17).

. Summary, Concluding Remarks and Perspective

for Future Work

Computable general equilibrium models are parameter hungry.
The ORANI model (Dixon et al., (1982)), for examples routinely
distinguishes a hundred or more commodities; the number of own-
and cross-price elasticities which are required by the model’s
parameter file, therefore, is of the order 104. Since the pio-
neering work of Johansen (19460), it has been the standard practice
of CGE modelers to approach this daunting requirement by first
working at a high level of aggregation at which the assumption of
additive preferences is used.k Typically, this has been done within
the framework of the Klein-Rubin utility function and the associ-
ated Linear Expenditure System and its extensions. The main
drawback of this approach is the ‘constancy of marginal budget
shares; at least in the case of Food (and, therefore, of the
complementary miscellaneocus category) there is now overwhelming
evidence to the contrary (especially, Theil, Ch. 2 in Theil and
Clements (forthcoming 1987)).

In this paper we have estimated a nested version of Theil’s
additive preference extension of Working’s Model, in which»margin~
al budget shares depend on real total expenditure per head. We
did this at the level of six broad commodities on the basis of a
relatively long time series (33 years), and suggested how the
available supply of data might support the extension of our re-

sults to cover a total of about a dozen commodities.
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A critical phase of our work was our treatment of the
commodity "Rent," which, in Australia, denotes the imputed value
of a predominantly owner-occupied stock of housing. We found that
treating the quantity of this commodity as exogenous and its
(shadow) price as endogenous produced estimates which were consis—
tent with Working’s Model, whereas the conventional treatment (in
which all quantities are endogenous) did not. Nevertheless, a
quick cross check against a synopsis of the wmost recent household
expenditure survey (Australian Bureau of Statistics (1986a)) left
a question mark on the size of the elasticity of demand for Rent
with respect to total expenditure. Hopefully this can be unrav-
eled with more extensive econometric work on unit records, al-
though the cross-section data at best will be patchy on details
suitable for imputation of the value of the services of the
owner-occupied housing stock.

Further work should proceed on two Tfronts: first,
disaggregation of our single representative consumer into several
agents representative of different household types. (Given the
dearth of Australian panel data, this will have to be based mainly
on the 1984 Household Expenditure Survey.) Second, disaggregation
by commodity. The preliminary step here is along the lines men-—
tioned towards the end of Section B above: it simply involves an
extension of Working’s Model to a third level of nestings and the
use of the available comparatively short (té-year) time series.
Further steps then require price and guantity series on a more
finely disaggregated basis, for which additive preferences would

not provide a useful framework. Possible approaches are to be
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found in Clements (Ch. 4 of Theil and Clements (forthcoming

(1987)) and Clements and Smith (1983)1}. Finally, it 1is to be

hoped that -a synthesis of the cross~sectional and time-series work

will uncover the mechanisms responsible for the unexplained auton-—

omous trends evident in the latter (especially the persistent,

frequently encountered negative trend in the demand for Cloth-

ingl.



63

REFERENCES

Australian Bureau of Statistics (ABS) (198&a), 1984 Household
Expenditure Survey, Australia: Detailed Expenditure Items.
Canberra: ABS; catalog no. 6535.0.

Australian Bureau of Statistics (1986b). Time Series Data on
Magnetic Tape and Microfiche September Quarter 1986. Catalog
no. 1311.0. Canberra: ABS.

Barten, A. P. (1969). "Maximum Likelihood Estimation of a
Complete System of Demand Equations." European Economic
Review, 1, pp. 7 - 73.

Barnett, W.A. (1979). "Theoretical Foundations for the Rotterdam
Model." Review of Economic Studies, 46, pp. 109-130.

Blanciforti, L. and Green, R. (1983). “An Almost Ideal Demand
System Incorporating Habits: An Analysis of Expenditures on
Food and Aggregate Commodity Groups." Review of Economics
and Statistics, LXV (3), pp. 511-813, August.

Clements, K.W.y, and Smith, M.D. (1983). "Extending the
Consumption Side of the ORANI Model". Impact Project
Preliminary Working Paper No. OP-38. Melbourne, Austiralia,
University of Melbourne, February.

Deaton, A. and Muellbauer, J. (1980). "“An Almost Ideal Demand
System." American Economic Review, 70, pp. 312-326.

Dixeon, P.B., Parmenter, B. R., Sutton,; J.; and Vincent, D.P.
(19682). ORANI: A Multisectoral Model of the Australian
Economy. Amsterdam: North-Holland.

Fiebigs D.G., Seale, J. (Jr), and Theil, H. (forthcoming 1987).
"Cross—Country Demand Analysis Based on Three Phases of the
International Comparison Project”. In J. Salazar-Carrillo
and D.S. Prasado-Rao, eds. International Comparisons of
Purchasing Power and Real Income. Amsterdam: North-Holland.

Finke, R., and Flood, L.R. (1984). “The Budget Share of Food in
1990: Bootstrapping for Distribution-Free Prediction
Intervals”. University of Florida, Graduate School of
Business, McKethan-Matherly Discussion Paper No. MM2,
September.

Finke, R.s Flood, L.R., and Theil, H. (1984). "Maximum Likelihood
and Instrumental Variable Estimation of a Consumer Demand
System for Japan and Sweden”. Economics Letters, 15, pp.
13~-19.




A

Flood, L.R., Finke, R., and Theil, H. (1984). "An Evaluation of
Alternative Demand Systems by Means of Implied Income
Elasticities". Economics Letters, 15, pp. 21-27.

Houthakker, H. S. (1940). "Additive Preferences." Econometrica,
28 (2); pp. 244-237, April.

Johansen, L. (1960). A Multisectoral Study of Economic Growth.
Amsterdam: North-Holland.

Kravis, 1.B., Heston, A.W., and Summers, R, (1982). World Product
and Income: International Comparisons of Real Bross Product.
Baltimore, Maryland: Johns Hopkins University Press.

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

Lluch, €., Powell, A. A., and Williams, R, A, (1977). Patterns in
Household Demand and Saving. New York: Oxford University

Press.

Musgrave, P. (1983). "Household Food Consumption in the
Dominican Republic: Effects of Income, Price and Family
Size." Economic Development and Cultural Change, 34 (1),

October, pp. 83 -~ 102.

Phlips, L. (1974, Applied Consumption Analysis. Amsterdam:
North—Hc}land.

Powell, A. A, (1973). "A Linear Expenditure System for Australia
1955~36 through 1966-67." Clayton, Victoria, Australia,
Monash University, Department of Economics, Econometric
Analysis of Protection Project (mimeo}.

Powell, A. A, (1974). Empirical Analytics of Demand Svystems.
Lexington, Massachusetts: D. C., Heath.

Powell, A. A., and Lawson, T, (1986). "A Decade of Applied
General Equilibrium Modelling for Policy Work”. Impact
Project General Paper No. G-6%. Melbourne, Australia,
University of Melbourne, August (revised November).

Theil, H. (1967). Economics and Information Theory. Amsterdam:
North~Holland and Chicago: Rand-McNally .

Theil, H. (1971). Principles of Econometrics. New York: John
Wiley and Sons.

Theil, H. (1976). Theory and Measurement of Consumer Demand,
Vol. 2. Amsterdam: North-Holland.

Theil, H., and Clements,; K.W. (forthcoming; 1987). Applied Demand
Analysis: Results from System-Wide Approaches. Cambridge,

Massachusetts: Ballinger.




&5

Theils H., and Suhm, F.E. (1981). International Consumption
Compariscns: A System-Wide Approach. Amsterdam:
North—-Holland.

Tulpulé, A., and Powell, A.A. (1978). ‘“Estimates of Household
Demand Elasticities for the ORANI Model”. Impact Project
Preliminary Working Paper No. 0P-22, Melbourne, Australia,
University of Melbourne, September.

Workings H. (1943). “Statistical Laws of Family Expenditure”.
Journal of the American Statistical Association, 38, pp.
43-36.




66



67

-Appendix 1
The Time Series Database
The general principles underlying the collation and editing of the database are
described in Section 3 of the text. Here we give full details and tabulate the data. For
future reference, we identify the following primary sources {all of which are publications of
the Australian Bureau of Statistics, Canberra) from which we extracted time series data on
consumer expenditures:

1. Australian National Accounts: National Income and Expenditure 1967-68

(published February 1969)

II.  Australian National Accounts:  National Income and Expenditure 1969-70

(published April 1971)

III. Australian National Accounts: National Income and Expenditure 1975-76

(published March 1977; reference No. 7.!)
IV. Time Series Data on Magnetic Tape and Microfiche September Quarter 1986
(Australian Bureau of Statistics Catalogue No. 1311.0)
We now proceed step by step, as described in Section 3 of the text.

The matched pairs of series, required for calculating commodity-specific deflators,
were obtained from these sources according to the scheme laid out in Appendix Table Al.l.
So far we have covered step (1) of Section 3 of the text. Next we describe how the
constant-price data for the four sub-intervals identified in column I of Appendix Table
AL}l were spliced to yield series in constant prices of a single year (1979-80). To link the
series we commenced by fitting regressions of the form

(ALD Yit = BiXjt + Ujp, (i=1,.,6)
where yj; is the value of expenditure on i in prices of 1966-67, and xj; is its value in
prices of 1959-60, for the nine years (1959-60 through 1967-68) for which we had
overlapping data. The y data for this exercise came from sources II and Il (the former

for 1959-60 through 1963-64; the latter for 1964-65 through 1967-68); the x data came from
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Appendix Table Al.1

Sources of Matched Pairs of Time Serlfes in Current and_in Constant Prices

Year of Base
of Constant

Sub-Period Source Price Series Level of Disaggrégation Available
1953-54 6 commodities; (1) Food; (2) Tobacco,
through cigarettes, alcholic drinks; (3)

1958-59 1, p.61 195960 Clothing, footwear; (4) Household
durables; (5) Rent; (6) All other
expenditure.

1959-60 7 commodities: same as above, except

through that the last is split into (6) ‘Travel

1963-64 I, p. 61 1966-67 and communication’ and (7) ‘All other
expenditure.”

1964-65

through .

1968-69 I, p. 52-53 1966-67 Same as last item.

1969-70

through 16 commodities: As listed in Appendix

v 1979-80 Table AL.2

1985-85




69

source 1. Notice that for the y-data it was necessary to aggregate ‘Travel and
communications® with “All other expenditure’. (This aggregation was by simple addition of

constant-dollar values). The resultant estimates of the conversion factors were:

8y B2 B3 B4 Bs B¢

1.1467 12322 1.0911 1.5365 1.0830 1.2160

Next, conversion factors for the transition from prices of 1966-67 to prices of 1979-80
were calculated from regressions of the form

(AL2) Vit = 1 Yi * Cit (i=1,.,7)
where vjy is the value of expenditure on i in prices of 1979-80, and yj; is its value in
prices of 1966-67, for the seven years (1969-70 through 1975-76) for which we had data.
The v-data required aggregation from 16 to 7 commodities. (The key to the latter

aggregation is shown in Appendix Table A1.2). The resultant conversion factors were:

2.7451 28717 2.9559 23262 35694  2.8267 3.4762

Conversion of 1959-60 constant-price expenditure data into prices of 1979-80 was achieved
simply by compounding the conversion factors f; and 7;. Because of the transition from a
maximum disaggregation level of 7 to one fewer commodities at the interface of 1959-60
and 1958-59, we need an additional 4 to implement the link for the miscellaneous category
of the first sub-period. Since expenditure data are available for 1959-60 through 1967-68
for this category in prices of both 1966-67 and 1979-80, we have no trouble in computing

an OLS value of 16/7 = 3.2255. The cumulative factors for conversion from prices of 1959-

60 to prices of 1979-80 then are «; = % fy; (i =1,., 5)and ‘:6 = 1,3\6 :‘76/7- The primary

data identified in Appendix Table Al.1, after the constant-price expenditures for the first
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Appendix Table A1.2

Commodity Disaggregation Available in Current and Constant Prices, 1969-70 and Later®

No. Description No. Description
1 Food ! 9. Other household durables 4
2. Alcoholic drinks 2 10. Fares §
3. Cigarettes and tobacce 2 11. Purchase of motor vehicles &
4. Clothing, footwear and 12. Operation of motor vehicles 6
drapery 3
5. Health 7 13. Postal and telephone service 6
6. Dwelling rent 5 14. Entertainment and recreation ’
7. Gas, electricity, fuel 7 15. Financial services 7
8.  Household appliances 4 16. Other goods and services 7
Source: Source 1V identified above,
& Aggregation to the seven commodities shown for the second sub-period of Appendix

Table A.1 is obtained by simple summation of the constant-price dollar values of the items
having the same superscript; e.g., commodities 8 and 9 in data Source IV aggregate to

commodity (4) in data sources II and III,
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sub-period are scaled by the o¢j and the data for the subsequent two sub-periods are scaled
by the 7;, are shown in Appendix Tables Al.3 and Al.4. This completes step (2) of text
Section 3.

Step 3 involves the imputation of price indexes by dividing the expenditure data in
current prices in Table A1.3 through by the matched value of the corresponding item of
expenditure in constant prices from Table Al.4. For example, since t = 5 corresponds to
1957-58, pps = 826/2986.5 = 0.2766 is the price index for Tobacco, cigarettes and alcohol
in 1957-58. Likewise, the price index for Travel and communication in 1964-65 is
1780/5314.2 = 0.3350, while the price index for Financial services in 1985-86 is 4240/2576 =
1.646.

To implement step 4, we must aggregate these price indexes from 7 commodities to 6
for the sub-period 1959-60 through 1968-69; and from 16 commodities to 6 for the sub-
period 1969-70 through 1985-86. Since (the inevitable imperfections of the linking
procedure aside) our quantity (i.e., constant-price expenditure) data are in prices of 1979-
80, in order to preserve the price x quantity = value identity among our indexes, the
appropriate weights for aggregating our price indexes are 1979-80 budget shares. These are
shown in Appendix Table Al.5. For convenience, the resultant price indexes at the 6-
commodity level (the p;; of our econometric model) are shown in Appendix Table AL6.

In step 5 we identified source 1V as the most recently published series for data on
expenditures at current prices over the sub-period 1959-60 through 1985-86. For 1953-54
through 1958-59, source I was identified as the most recent available. These data are
presented at the 6-commodity level of aggregation in Appendix Table A1.7.

Appendix Tables A1.6 and Al1.7 respectively. contain our econometric database on
prices and on values. In step 6 we obtain quantity indexes by taking the quotient of
Appendix Tables A1.7 and A1.6; for example, the value of the quantity index for household
durables in 1959-60 is 778/0.4378 = 1777.1 {$ of 1979-80 purchasing power). Notice that

although (apart from rounding error) this particular example agrees exactly with the
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Appendix Table ALS

Weights Used for Ageregating Price Indexes
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A.  1979-80 Budget Shares, 16 Commodity Level(2)

i= 1 2 3 4 5 6 7 8
0.1694 0.0205 0.0565 0.0717  0.0643 0.1666 0.0217 0.0313

9 10 11 12 13 14 15 16

0.0452 0.0286 0.0391 0.0683  0.0136 0.0399 0.0251 0.138!

B.  1979-80 Budget Shares, 7 Commodities Level(®)

i= 1 2 3 4 5 [ 7
0.1694 0.0771 0.0717 0.0765 0.1666  0.1496  0.2851

(2) For key to commodity classification, see Appendix Table Al.2.

(®)  For key to commodity classification, see Appendix Table Al.l. The numbers in Part

B can be found by aggregating those in Part A according to the scheme set out in

Appendix Table Al2.
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Current-Price Expenditure Data Used for Econometric Analysis

Appendix Al.7
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Fiscal Tobacco, ciga- Clothing, Household
Year Food rettes, alcohol footwear durables Rent Other
1953~54 1556 613 778 421 464 1979
55 1633 655 842 480 501 2208
56 1759 709 871 537 5§31 2379
57 1871 795 885 596 558 2548
58 1904 826 907 654 620 2699
59 1990 845 930 724 668 - 2854
1959-60 2088 909 1019 778 807 3435
1960-61 2226 949 1062 772 926 3650
62 2265 973 1063 758 1027 3798
63 2364 1004 1103 810 1136 4186
64 2482 1060 1199 878 1248 4600
1964-65 2666 © 1145 1271 962 1359 5005
1965-66 2838 1266 1316 973 1483 5319
67 3026 1351 1389 1021 1647 5826
68 3199 1472 1479 1121 1830 6480
69 3342 1575 1580 1313 2042 7052
1969-70 3570 1704 1690 1445 2314 7929
1870-71 3819 1880 1830 1591 2680 8818
72 4144 2037 1986 1799 3071 9882
73 4569 2243 2255 2083 3502 11056
74 5393 2581 2670 2717 4080 12949
1974-75 6213 3056 3156 3451 5017 16070
1875-76 7104 3708 3547 4222 6215 19441
77 8203 4112 3956 4670 7550 22055
78 9339 4421 4394 4770 8924 24265
79 10585 4998 4756 5001 10362 27553
1979-80 12083 5498 5114 5459 11889 31304
1980-81 13821 6098 5735 6321 13666 35114
82 15478 6799 6318 7065 16208 40121
83 17160 7426 6871 7511 19578 45570
84 18549 8060 7349 8164 22641 49979
85 19854 8657 7861 8712 26220 54860
1985-86 22399 9562 8712 9517 30891 59747
Source: 1953-54 through 1958-59, Source I.

1959-60 through 1985-86, Source IV,
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matching element in Table Al.4 (1777.2), there is no reason in principle why the two
numbers should be exactly equal. This is because revisions in the nominal value of an
expenditure item (which are reflected in differences among its recorded values in sources I
through IV) can imply revisions to the corresponding real quantity.

To complete step 6, we must obtain a suitable population series. Our population data
were taken from four publications of the Australian Bureau of Statistics:

Al Demography 1961, Bulletin No. 79 (Canberra, 1963);

A2 Demography 1967 and 1968, Bulletin No. 85 (Canberra, 1970}

A3 Demography 1971, Bulletin No. 87 (Canberra, 1974) (Reference No. 4.9);

IV Time Series Data on Magnetic Tape and Microfiche September Quarter 1986

{Australian Bureau of Statistics Catalogue No. 1311.0)

All of these sources provide quarterly estimates of population. Al, A2 and A3 form a
continuum, and we use them for the March quarter of 1954 through the June quarter of
1971. For the period September quarter 197! through the June quarter of 1986 we use
Source IV. Relative to trend, there is a jump of about 0.3 million (on a base of about 13
million) at the transition between the A3 and IV sources. This represents a new series
which (among other things) takes into account census underenumeration (discovered
relatively recently to be a problem). Since for our purposes the level of the population is
unimportant, but the annual percentage changes in it are crucial, we have converted the 1V
series to a basis compatible with the A series by multiplying each value of the former by
0.9783. This value was obtained by regressing the values of the A series on the
corresponding values of the IV series for four overlapping quarters (Sept. 1971 through
June 1972). The quarterly series were then averaged for each fiscal year; the resultant

values are given in Appendix Table A1.8.



Appendix Table Al.8
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Population Data Used for Econometric Analysis*

Fiscal Year Population Fiscal Year Population
(nillions) (millions)
1953-54 8.967
1954-55 9.117
1955~56 9.342 1970-71 12.686
57 9.560 72 12.935
58 9,768 73 13.140
59 9.975 74 13.344
1959-60 10.191 1974~-75 13.540
1960~61 10.430 1975-76 13.681
62 10.669 77 13.825
63 10.872 78 13.890
64 11.086 79 14.142
1964-65 11.306 1979~80 14.307
1965~66 11.527 1980~81 14.516
67 11.727 82 14.756
68 11.936 83 14.973
69 12.175 84 15.152
1969-70 12.433 85 15.339
1985-86 15.544
*
Sources: See text.
Note: The above values are known to underestimate the

population level, at least since 1971.

See text.
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To complete our data handling exercise, the nominal expenditure values in Appendix
Table A1.7 were divided by the population values in Appendix Table A1.8. Further division
by the elements of Appendix Table Al.6 gives the per capita quantities {q;¢} required for

modeling.
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Appendix 2
Svynoptic Cross-Section Data on Consumption of Rental Services

The 1984 Australian Household Expenditure Survey has recently become available on
magnetic tape; our scope here, however, is confined to the synoptic tabulations published in
Australian Bureau of Statistics (ABS) (1986a). The following recorded items are relevant to
housing: (i) Current Housing Costs (selected dwelling); (ii) Mortgage payments - Principal
(selected dwelling) and (iii) Other Capital Housing Costs. The first of these is an
aggregate of nine one-line items, and the last an aggregate of ten such items.

The most useful of the synoptic tables, from our point of view, is Table 2 of ABS
(1986a), which gives household averages of expenditure on several hundred items separately
for each decile of the household distribution of cash income. The latter concept, unlike
the time-series national accounts data described in Appendix 1, does not contain any
imputation for the services of the owner-occupied housing stock. The parts of the ABS
tabulation relevant to the present discussion are reproduced in Appendix Table A2.1,

Current Housing Costs (101-109) include the interest portion of mortgage repayments
for those households in the process of purchasing a dwelling; however 39.42 percent of all
households occupied premises which were owned outright by the occupiers. A crude
imputation of the mortgage interest notionally accruing to this occupier-owned stock can
be computed, for each decile, by taking the ratio of the percentage of houses owned
outright to the corresponding percentage of houses being bought, and multiplying this
quotient by item 102, Mortgage payments--interest payments.

Two other adjustments were made in the hope of bringing the conceptual basis of
these data closer to that of the time series. First, the flow represented by depreciation of
the owner-occupied housing stock conceptually is part of consumption. No data on this
item are available other than items 106-107 (the total of which seems too low); however,
the capital item 756 Internal renovations was added to total expenditure to make some

additional allowance for this depreciation. Second, as well as imputed mortgage payments
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and the last-mentioned depreciation item 711, Superanauation and annunities contributions
(i.e., the payment of subscriptions to retirement income plans) were added to the subtotal
for items 101-735 ("Total Commodity or Service Expenditure") to obtain our grand total
estimate of consumption expenditure. These adjustments, together with the imputation of
mortgage interest, are shown in Appendix Table A2.2.

1t will be noted that the data in rows e and g of Appendix Table A2.2 yield a budget
share for Rent (i.e., *Total Housing”) of 65.33/394.80, or 16.5 percent; the value in the time
series data base is 20 percent. It is a matter of simple algebra to solve for a multiplier A
for row b such that if *Total Housing’ is defined as

(row a) + ) (row b) + row ¢,

and if (row b) is replaced by A (row b) in computing Total Expenditure, the resulting
budget share is 20 percent. X turns out to have the value 2.11. Whilst such a magnitude
might be amenable to rationalization in terms of the historical and institutional features of

the mortgage market in 1984, it does seem rather high.
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