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ESTIMATES OF HOUSEHOLD DEMAND
ELASTICITIES FOR THE ORANI MODEL
by
Ashok ecwﬁcum and Alan A. Powell *

1. INTRODUCTION

The purpose of this paper is to provide estimates of consumer

1

demand elasticities for the ORANI® model using up-to-date data on

consumer expenditure in Australia. Estimates of expenditure elasticities

are made using wmnmnnozﬁﬁ.mm Twice Extended Linear Expenditure System
(TELES) . (For a derivation of Betancourt's system using mosm.mw short~
cut method, the reader is referred to a recent paper by H:chwma.u In the

present paper the TELES system is estimated for eight commodity groups using

Australian time-series data for 1964-65 to 1975-76. Estimates of parameters

of the eight commodity TELES model are used to obtain expenditure elasticities

for the 109 input-output industries.

The plan of the paper is as follows. In Section 2 a brief

account of the consumer demand specification in ORANI is given.  Section 3

contains a notation for the TELES model, with the aid of which a strong prior

*  The authors would like to thank Tony Lawson for helpful comments
which materially improved our presentation. Responsibility for
remaining flaws rests with the authors.

1. P, Dixon, B. Parmenter, G. Ryland and J. Sutton, ORANI, A General Equili-
brium Model of the Australian Economy : Current Specification and
Illustrations of Use for Policy Analysis - - First Progress Report of
the IMPACT Project, Vol. 2 (Canberra : Australian Government Publishing
Service, 1977).

2. R. Betancourt, "Household Behaviour in a Less Developed Country : An
Econometric Analysis of Cross-sectional Data,' University of Maryland,
August 1973 (mimeo).

3. H. Howe, "Development of the Extended Linear Expenditure System from Simple
Saving Assumptions," European Economic Review, Vol. 6 (1975), pp. 305-310.

4. A. Tulpulé, "Empirical Estimation of Labour Supply Elasticities," Impact of
Demographic Change on Industry Structure in Australia, Preliminary Working

Paper No. BP-12, Industries Assistance Commission, Melbourne, July 1978
(mimeo) .
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COMMODITY GROUP NUMBER

IND.NO.

11 12 13 14 15 TOTAL

10

0.89 0.104

16

0.139 0.583 0.199

0.033 0.046

17

1.000

18

1

0.018

0.020

0.962

19

0.003

0.997

20

0.025

0.975

21

1

G.159

0.342 0.066 0.308

0.125

22

0.884 0.116

1.000

24

1.000

25

1.000

26

27

1.000

28

1.000

1.000

30

CONTD.

where < is the average budget share in total consumer expenditure of

the wﬁ: input-output commodity, €.

i is the expenditure elasticity for the

wﬂr input-output commodity, and w is the Frisch @m%msmﬂmﬁu. These

formulae are based on a directly additive utility specification which is
assumed, in the ORANI model, to underlie the behaviour of the representative
consumer.

Below we narrow down the specification further, making the

assumption that the utility function is Klein-Rubin.

3. THE TELES MODEL

3.1 HNotation

Our TELES model consists of the following set of ten equations

‘8
(3.1) v o= PiXy = Py v By @ - Mmp PiY; YWy (i=1, ..., 8 ;
8
(3.2) s = Boqa- I Py twyy 3
. i=1
and
8
(-3 IR T G CRE TR R
where

1. R. Frisch, "A Complete Scheme for Computing all Direct and Cross
Elasticities in a Model with Many Sectors," Econometrica, Vol.27
(1959), pp. 177-96.
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APPENDIX 4 : PROPORTIONS MATRIX

Appendix 4 shows the distribution of the product of
each industry (local production plus imports) to the
15 consumption categories. A list of 109 industries
is included in Appendix 3 and the 15 commodity groups
are shown in Appendix 1. The figures in Appendix 4
are based partly on data supplied by the Australian
Bureau of Statistics and the 1962-63 classifier.

These figures have no official status : they
incorporate approximations and other judgemental
elements which are the sole responsibility of the

authors.

5.

H = hours worked per working person per year ;
wH = after tax labour income ;
w = average after tax hourly wage rate ;

a = after tax non-labour income .

For later use we define :

v = total consumption expenditure divided by the number

8
of working persons = M v

The TELES system consists of equations (3.1}, (3.2) and (3.3).
One of the equations must be deleted before estimation to keep the variance-
covariance matrix of the stochastic errors which are appended to the
behavioural equations :ou|mw5mchH.H In this case, equation (3.2) is

deleted. Thus there are eighteen parameters (Y's and B's in (3.1)

and (3.3)) to be estimated simultaneously.

1. See Anton Barton, "Maximum Likelihood Estimation of a Complete Set of
Demand Equations," European Economic Review, Vol. 1 (1969), pp. 7-73 ;

Richard Parks, "Maximum Likelihood Estimation of the Linear Expenditure
System," Journal of the American Statistical Association Vol. 66, No. 36
(December 1971), pp. 900-903 ;

Alan A. Powell, "Aitken Estimators as a Tool in Allocating Predetermined
Aggregates,' Journal of the American Statistical Association Vol. 64,
No. 327 (September 1969), pp. 913-922 ;

B

Luigi Solari, "Sur L'estimation du Systeme Lingaire de Depenses Par La

Méethode du Maximum mw Vraisemblance,'" Centre m<mno:oamﬁwwmv Cahier
7\mmau 1/3, Faculté des Sciences Economiques et Sociales, Universite
de nm=o<m. Mars 1969 ﬁ5p5m0u p. 40 , and Theori des Choix et Fonctions

de Consommation Semi-Agregées, zommwmm Statistiques {Geneva : Dros, 1971).

Arshad Zaman, "Formulation and Estimation of a Complete System of Demand
Equations,' Department of Economics, Michigan State University, Econo~
metrics Workshop Special Report No. 3, September 1970, pp, vi+ 227,
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Industry number M:m:momwﬁﬁcw Industry Name rwwmwwwwwx
049 27.04 PHARMACEUTICALS 1. 19500
050 27.05 SOAP + DETERGENTS 1.19500
051 27.06 COSMETICS, TOILETRY 1.19500
052 27.07 CHEMICAL PRODS NEC 1.19500
053 27.08 OIL + COAL PRODUCTS 1.19925
054 28.01 GLASS 1.56896
055 28.02 CLAY PRODUCTS 1.57600
056 28.03 CEMENT 1.38500
057 28.04 READY-MIXED CONCRETE 0
058 28,05 CONCRETE PRODUCTS 1.19500
059 28.06 NON-METAL MIN PRODS 1.19500
060 29.01 BASIC IRON + STEEL 1.19500
061 29.02 OTHER BASIC METALS 1.198500
062 31.01 STRUCTURAL METAL 1.33281
063 31.02 SHEET METAL PRODS 1.56900
064 31.03 METAL PRODUCTS NEC 1.37698
065 32.01 MOTOR VEHICLES,PARTS 1.20081
066 32.02 SHIP + BOAT BUILDING 1.57600
067 32.03 LOCOMOTIVES 1.57600
068 32.04 AIRCRAFT BUILDING 1.19500
069 33.01 SCIENTIFIC EQUIPT 1.35347
070 33.02 ELECTRONIC EQUIPT 1.57600
071 33.03 HOUSEHOLD APPLIANCES 1.57600
072 33.04 ELECTRICAL MACHINERY 1.48524
073 33.05 AGRICULTURAL MACH. 1.57600
074 33.06 CONSTRUCTION EQUIPT 1.57600
075 33.07 OTHER MACHINERY 1.57600
0676 34,01 LEATHER PRODUCTS 0.49951
077 34.02 RUBBER PRODUCTS 1.20189
078 34.03 PLASTIC PRODUCTS 1.41223
079 34.04 SIGNS,WRITING EQUIPT 1.19500
080 34,05 OTHER MANUFACTURING 1.23813
081 36.01 ELECTRICITY 1.19500
082 36.02 GAS 1.19500
083 37.01 WATER , SEWERAGE 1.19500
084 41.01 RESIDENTIAL BUILDING 0
085 41.02 BUTLDING NEC 0
086 46,01 WHOLESALE TRADE 1.19500
087 48.01 RETAIL TRADE 1.19500
088 48.02 MOTOR VEHICLE REPAIR 1.19300
089 48.03 OTHER REPAIRS 1.19500
090 51.01 ROAD TRANSPORT 0.20513
091 52.01 RAILWAY TRANSPORT 0.40358
092 53.01 WATER TRANSPORT 0.30000
093 54.01 ATR TRANSPORT 2.39971
094 55.01 COMMUNICATION 1. 19500
095 61.01 BANKING 1.19500
096 61.02 FINANCE + LIFE INS 1.19500

CONTD.

on the level of disaggregation used, and, at a fixed level of disaggrega-

tion, on the particular aggregation scheme used. Consequently, the

estimates of the Frisch parameter w are unstable and in all cases

higher than a recent estimate given by EwwuwwEmH.

Sato has interpreted (- 1/w) as the average elasticity of

substitution among nosgoawmwmww. Because (as in the case of production

analysis) there is some difficulty to be expected in estimating such a
mmHmSmﬁmHo. it is important to ensure that the estimate of w is consist-

ent with the weight of the evidence on this matter. Therefore, following

a procedure analagous to that used by wwmza» we enforced the following

condition on the demand equations (3.1) to (3.3) :

8
(3.4) ~w o= 182 = v/ ¥ - ] p

The value - 1.82 is a weighted average of values of w for different types

5

of Australian households as reported by Williams”. His estimates in

turn are based partly on pooled international m<wmm:nwm.

1. Ross Williams, "The Use of Disaggregated Cross-Section Data in Explain-
ing Shifts in Australian Consumer Demand Patterns Over Time," Impact of
Demographic Change on Industry Structure in Australia, Preliminary

Working Paper No. SP-13, Industries Assistance Commission, Melbourne,
May 1978 (mimeo).

2. Kazuo Sato, "Additive Utility Functions with Double-Log Consumer Demand
Functions," Journal of Political Economy, Vol. 80, No. 1 (January/Febru-
ary 1972), pp. 102-124,

3. See Alan A. Powell, Empirical Analytics of Demand Systems (Lexington,
Massachusetts : D. C. Heath, 1974), p. 70.

4. David Ryan, "Effect of Ethnic Origin on Household Consumption Patterns
in Australia,"” Impact of Demographic Change on Industry Structure in
Australia, Preliminary Working Paper No. SP-10, Industries Assistance
Commission, Melbourne, June 1977 (mimeo) .

5. Ross Williams, op. cit..

6. C. Lluch, A. Powell and R. Williams, Patterns in Household Demand and
Savings (New York : Oxford University Press, 1977), pp. 74-81.
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32.

Table A2,2 : Other Fares

Sub-group
1-0 Industry 13 14 Other Toral
Air Transport Public Transport
1 to 89
90 153.9 153.9
91
92 116.5 116.5
*
93 201.8 201.8
94 to 109

Notes * Based on estimated number of air passengers

Figures are in 1971-72 $ million.

The last series is required to calculate the various averages {expenditure,

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

(i) Consumer expenditure : Disaggregated data on private final

consumption expenditure at current prices for 1964-65 to 1975-76 are given
in the Australian National >nnoc=nwm. For the purposes of this paper the

commodities are grouped into the following eight major groups :

1) Food

2)  Drink and Tobacco

3) Clothing and Footwear
4} Housing

5) Household Durables

6) Private Transport

7) Public Transport

8) Other Goods and Services .

(ii) Price indices : The Australian National >nno=:ﬁmm (ANA) also

include estimates of private final consumer expenditure at average 1966-67
prices. Price indices for the eight consumption categories are obtained
by dividing the current price expenditure estimates by the corresponding

constant price estimates.

(1ii) After tax income from wages and salaries : Data on after tax

wages and salaries are not available for 1964~65 to 1975-76. Estimates of

before tax income from wages, salaries and supplements and of income from

1. The increased workforce participation of married women over the period
1964-65 to 1975-76 raises the question of validity of the concept of a
typical or representative consumer/worker.

2. Australian Bureau of Statistics, Australian National Accounts, National
Income and Expenditure 1975-76 (ABS Ref., No. 7.1), Canberra, 1977.

3. Ibid.
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30.

APPENDIX 1 : COMMODITY CLASSIFICATION.

Eight Commodity

Expanded TELES

ANA  Goods,

ﬂmrmm : Classification ABS Classification
Classification
1. Food 1. Bread § cereals 1. Food
2. Meat § fish
3. Dairy & eggs
4. Sugar, preserves,
confectionery
5. Fruit § vegetables
6. Other food
2. Drink & 7. Drink § tobacco 2. Cigarettes § tobacco
tobacco 3. Alcohol
3. Clothing § 8. Clothing § footwear 4. Clothing § footwear
footwear
4. Housing 9. Housing 6. Rent including imputed rent
5. Household 10. Household durables 8. Furniture § floor coverings
durables 9. Electrical goods
10. Hardware § other
6. Private 11. Private transport 16. Purchase of motor vehicles
transport 17. Operation of motor vehicles
7. Public 12. Rail, tram § bus 14. Rail, tram § bus
transport fares 15. Other fares
13. Air transport
14. Other public
transport
8. Other goods 15. Other goods § 5. Health
& services services 7. Gas, electricity § fuel
11. Newspapers, books, etc.
12. Toys, travel and sporting
goods
13. Other goods
18. Postal § telephone
services
19. Education services
20. Life insurance
21. Entertainment
22. Other services
23. Expenditure overseas

11.

(vi) The hourly wage rate : Estimated as the ratio of after

tax wage and salary income to total hours worked. As the hours worked
are over-estimated, the hourly wage rate is under-estimated. Moreover,
since the definition of employed persons includes persons other than wage

and salary earners, this produces a further downward bias in the wage rate

series.

(vii) Number of working persons : For this variable a simple average

of the four quarterly figures is used as the annual value.

5. EMPIRICAL ESTIMATION OF EIGHT COMMODITY TELES MODEL

When the value of the Frisch parameter w is fixed, one of
the 18 parameters in equations (3.1) and (3.3) becomes a function of the
other parameters as shown in (3.5). Therefore there are only 17 para-

meters ﬁmu. cees Bg s B3 Yyo eees Yp 5 <rv to be estimated. Thus,

Yg o i.e., the subsistence parameter for 'other goods and services' does not

appear as a coefficient but can be obtained from (3.5). Similarly, B

s
can be recovered from the normalization condition (footnote 1, page auu.
The system was estimated using the RESIMUL wmnwmmmm. The
solution gives numerial estimates of mw which represents the marginal
budget shares out of _mcpww:noao._u

cities of interest in the ORANI model, viz., the 'total expenditure’

elasticities, defined as follows :

1. In ELES (and TELES) Y is identically zero -~ - see Howe, op. cit.,

and Tulpule, op. cit..

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

3. See page 4.

They can be used to estimate the elasti-
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from industry 1.05 directly to household consumption in 1968-69 (and
1971-72) were predominantly eggs. Therefore the elasticity estimate
for industry 1.05 is assumed to equal the elasticity for the food sub-

group dairy and eggs, namely 0.0170.

For three more industries, 11.01, 23.01 and 32.03, the
procedure gave an elasticity estimate of zero. This is because according
to the Q matrix there were no sales from these industries to final
consumption in 1971-72, But the Q matrix was derived from mapping the
vector of household final consumption expenditure from a commodity x
industry input-output table at purchaser's prices with imports allocated
indirectly into 23 consumption groups. Since it was based on a commodity x
industry (absorption) table, there were no problems with secondary production.
However the input-output data base for the ORANI model is derived from
industry x industry input-output tables. In the case of these three
industries there was some very minor secondary production, part of which was
sold to household consumption. Therefore the ORANI model required elasticity
estimates for these three industries. The estimates shown in Appendix 3 are
guesstimates based on the likely composition of the secondary production in

these wnmcmﬂawmm.H

Non-Competitive Imports

The 109 input-output categories do not include non-competitive
imports, the value of which in 1971-72 was $155.2 million. The break-down
of this into 5 of the 23 commodities is given in Table 6 along with assumed
total expenditure elasticities. (The elasticity values are established by
comparing the types of goods in ecach category with one of the 15 commodity
groups in Table 5.) The weighted average elasticity for non-competitive

imports is 1.439.

1. A good indication of the secondary production can be obtained from Table 1
of Australian Bureau of Statistics, Australian National Accounts - - Input-

output Tables 1968-69, Catalogue No. 5209.0.

When a and w change as above then the total expenditure v will

change by &v.

An expression for 6v can be obtained from (5.2).

™t

(5.5) Sv = (8a + «: Swy

i
™ 2

a
mﬂs» + .<,—._w Sw .

When the total expenditure, v , changes by &v , let expenditure on the
.th

i commodity change by m<w. Using (3.1}, §v; can be expressed as
(5.6) m<w = mw Sa + mw Yo Sw
(from (5.4))

= =

=BGy v

Substituting from (5.5) into (5.6), taking the limit as 6v + 0, and converting
into elasticity terms , the required total expenditure elasticity in (5.1)

will be given by

[N

N V.
(5.7) = Y. . %.

mtlm

et

\\mmzmammm budget share of ith commodity) .

l
mtim

A value of B = 0.56756 was obtained by fitting the eight commodity TELES
model to Australian data for 1964-65 to 1975-.76, Estimates mm B. , the aver-
i

age budget shares, and the expenditure elasticities calculated from (5.7) are
2

shown in Table 1.
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26,

The 109 x 15 Q matrix converted into a proportions matrix
is shown in Appendix 4. This proportions matrix is used in estimating
the 109 elasticities as follows:

Let
X = quantity index (viz., base period dollar value) of

[y
(oS

consumption of type j originating in industry i

Ad=1, ..., 109

(G =1, ..., 15) ;
xw = consumer demand for the products of industry i ;
8X; = change in consumer demand for goods produced by

industry i due to a change in total consumption

from C to (C+8C) .

Now we can write

15 axw o
(7.1) 8 = I = SJ. (i=1, ..., 109 ,
=177
where
xw = total consumption expenditure in consumption category § (j=1,...,15),
(7.1) can be written as
7.2) 8 = Iy w ¢,
J ol
and
5X. 3%, X7 xS
(7.3) S P S R A
. . axg X, 3 x% C
1 3 J 1 J

Now, taking limits as 6C - 0 , and converting into the elasticity form,

(7.3) can be written as

31 . . 9x?
(7.4) o8 % = I m@z 1 L,
: 3 log C_ ; X, [ X, ’
o
= I E.. . . e, .
13 J

15.

Comparison of TELES Results with Other Estimates

In Table 1, B, dis the marginal propensity to consume the

i
wmr commodity out of full income. To obtain the marginal propemnsity u
to consume out of actual income, these mw values are summed and renormalized
to yield
8
o= 1B /0 -8 .
i=]

The marginal propensities to consume and to save as obtained from this study

. 1
and an earlier one” are compared below.

TELES ELES
This study Earlier study
Marginal propensity to 0.784 0.796
consume , |
Marginal propensity to 0.216 0.204

save , {1 - y)

Clearly, the two models yield highly compatible results, even though the

sample periods differ no:mwamumvwwm.

In Table 2, estimates of expenditure elasticities obtained in
previous Australian studies based on data up to 1966-67 are compared with the
TELES results. The classifications used are not exactly the same but most

commodity groups are roughly comparable.

1. C. Lluch, A. Powell and R. Williams (LPW), Patterns in Household Demand
and Saving, op. cit,

2. Sample periods were : For LPW, 1955-56 to 1966-67 ; for the present
study, 1964-65 to 1975-76.
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24.
17.

The elasticity estimates obtained so far are summarized in
The TELES results are similar to the earlier estimates

fable 8. with two major exceptions. Thus the elasticity of Clothing and

Footwear (0.291) is much lower than in previous studies and so is the
TABLE 5 : ESTIMATES OF TOTAL EXPENDITURE ELASTICITIES
elasticity for private transport. In the case of clothing the decrease
Ttem of Consumption Elasticity in the elasticity may be due to a change in taste. In the case of private

transport the decrease could be partly due to an approach towards a satura-

1. Bread and Cereals 0.131

2. Meat and Fish 0.520 tion level of car ownership and also due to a change in taste.

3. Dairy and Eggs 0.017 The small increase in the elasticity for durables could be

4. Sugar, Preserves and Confectionery 0.429

5. Fruit and Vegetables 0.474 due to the introduction of several new types of consumer durables that have

6. Other food items 0.458 been introduced on the market in the last decade.

7. Drink and Tobacco 0.565

8. Clothing 0.291

9. Housing 1.888

10. Household Durables 1.576

1. Private Transport 1.193 6. DERIVED ESTIMATES FOR FOOD AND PUBLIC TRANSPORT

12. Rail, Tram and Bus Fares 0.100 SUB-GROUPS

13. Air Transport 2.500

14. Other Public Transport 0.300

15. Other Goods and Services 1.19% The elasticities obtained for the eight broad commodity

groups are used to derive separate estimates for the 109 commodities produced

by the 109 input-output industries in two stages. Firstly, the elastici-~
ties for the food and public transport groups are expanded into six estimates
for items in the food category and three for items in the public transport

7. ELASTICITY ESTIMATES FOR THE INPUT-QUTPUT INDUSTRIES category respectively using estimates obtained in other studies, and

secondly, these fifteen estimates are expanded to give separate elasticities

The 15 elasticity estimates are expanded into 109 commodity for the 109 input-output industries, The second of these stages is covered

groups produced by the 109 input-output industries on the basis of the below in Section 7.

contribution of each industry to each of the 15 consumption categories. The

procedure adopted in estimating the 109 elasticities is as follows :
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found to range from 0.08 to 0.57. In view of these estimates it is
reasonable to assume a very low total expenditure elasticity for rail,

bus and tram travel. A value of 0.1 is assumed here.

Air Transport
Data on internal (i.e., within Australia) passenger miles by
fare paying passengers and number of passengers are available onm a time

1,2 but the share of government or business travel is not known.

series basis
Between 1967-78 and 1975-76 passenger miles in Australia increased by 120 per

cent and the number of passengers doubled. A crude estimate of the total

expenditure elasticity without taking into account the own price effect or the

cross price effects and assuming that the share of government and business

travel is constant, can be obtained as follows :

1o air travel in 1975-76
& | Gir travel in 1967-68

elasticity =

Total expenditure at constant prices in 1975-76

log m

If passenger miles are used as a measure of air travel the above
formulae yields an estimate of elasticity as 2.13 , and the use of number of

passengers as a measure of air travel gives an estimate of 1.86 . A longer
3

series is not available for Australia but similar calculations on US data” on

1. Australian Bureau of Statistics, Commonwealth Year Book, op. cit..

2. Australian Bureau of Statistics, Pocket Compendium, op. cit..

3. U.S. Department of Commerce and Bureau of Census, Statistical Abstract
of the United States 1975, Washington, 1975,

Total expenditure at constant prices in 1967-68

-

)

19.

Making use of (6.1) and (6.2) , (6.3) can be written as

mxH¢ *

(6.4) ﬁwu Tl muu mp .

Multiplying both sides of (6.4) by —  yields
15 713

v, . ax, . "
(6.5) wa coL - Lm,w o= BB e
1j 1j 3 i
where
PyiXyy th .
(6.6) muu = .LPJWH = average budget share of 1j*" item out of total
expenditure v .

.th

Thus the elasticity of demand for the j ~ sub-group within the food category
with respect to total expenditure is given by (6.5).

*
The estimated value of mu given in Table 1 is 0.06410. It is

not possible to obtain estimates of mww and the average budget shares

within the food group from recent national accounts. Instead, estimates

1

given by Powell for 1955-56 to 1966-67 are used. The elasticities for

the food sub-groups thus obtained are given in Table 3.

1t

1. A. Powell, "A Linear Expenditure System for Australia ...", op. cit..
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