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The Ecological Economics Program (EEP) was established in CRES as the result of a
successful application to the Institute of Advanced Studies 1994 Strategic Initiatives
round. EEP's objective is to promote the development of ecological economics by

conducting research and acting as a focal point for ecological economics activities in

the Canberra region. To this end, EEP:

- hosts the office of ANZSEE, the Australia New Zealand Society for Ecological

Economics
- runs a seminar series
- runs a working paper series on the World Wide Web
- can serve as a host for individuals wishing to do ecological economics

research as visitors to the ANU (Contact Jack Pezzey for more information).
- supervises research students. People interested in doing a research degree in
ecological economics should contact Jack Pezzey or David Stern for more

information.

The working paper series reports on research conducted in EEP by academic staff,

visitors, and students, and invited seminar presenters.
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Residential Energy Demand in Australia:

an Application of Dynamic OLS

Abstract

This paper reports estimates of the long-run eadticities of resdentid demand for eectricity, natura
gas and other fuds for Audrdia. The dynamic OLS (DOLS) framework is used to edtimate
logarithmic demand equations with previoudy unpublished nationdl-level quarterly data. Significant
subgtitution possibilities are found between dectricity and gas and between dectricity and other
fuels. However, the cross-price dadticity of gas with respect to the price of resdud fuelsis negative.
Our results are smilar to other Austraian and North American estimates but are more theoretically
consgtent than previous Audtraian estimates. We confirm that Austrdian resdentid energy demand

is much more price respongve than North American resdentia energy demand.

1.  Introduction

Despite having ggnificant policy implications for issues ranging from competition policy to
environmenta  management, resdentiad energy demand and, more precisdy, the estimation of
demand dadticities for the various energy sources has not attracted much attention in Austraia. Not
only is the literature on the subject very limited, but it is dso not very recent. Hawkins (1975), for
ingance, employed single equation methods to estimate the demand for dectricity in the Audtrdian
Capitd Territory (ACT) and New South Wales (NSW). Donndly (1984) and Donnelly and
Diesendorf (1985) dso estimated an dectricity demand function for the ACT using single equation
procedures and Donndly and Saddler (1984) for Tasmania Rushdi (1986) modeled the
interrelated demand for dectricity, naturd gas and heeting oils in South Audrdia using a trandog
demand system. Considerable recent attention has, however, been paid to study the demand for
energy a the level of specific end-uses, such as cooking, cooling, space hegting, and water heating
(Goldschmidt, 1988; Bartels and Fiebig, 1990; Fiebig et al., 1991; Bauwens et al., 1994; Bartels
et al., 1996; and Bartels and Fiebig, 2000). However, to the best of our knowledge, no study, at
least in the recent past, has made an attempt to determine inter-fud subgtitution possibilities at the
nationd leve.



The objective of this sudy is to fill that gap. We divide domestic per capita energy use into
consumption of dectricity, natura gas, and a miscellaneous category, residud fuels using nationa-
level quarterly data for the period from the third quarter of 1969 to the second quarter of 1998. We
test for the existence of an underlying long-term equilibrium relationship in each case with the help of
the unit root test suggested by Perron (1989) and the trace and | ., tests developed by Johansen

and Jusdlius (1990). The equilibrium parameters characterising the three demand equations are then
obtained using the dynamic OLS procedure developed by Stock and Watson (1993).

The rest of the paper is organised as follows. The econometric methodology is explained in
Section 2. A brief description of the data and its sources can be found in the next section. Results of
time-series andysis of the variables involved in this sudy are presented in Section 4. Regresson
results are reported and discussed in Section 5. Section 6. compares our results to previous
Audraian esimates and two North American sudies. Finally, some concluding remarks are made in

Section 7.

2. Mode

As mentioned above, we use a single equation approach to modelling the resdentiad demand for
electricity, gas and the other fuels. We postulate that the demand for the ith fuel source depends on
the price of the ith fud, prices of subgtitute fuds, prices of complementary goods and income.
Energy consumption is aso greatly influenced by temperature and seasond effects are very
important in amode for quarterly data.

Temperature is typicaly represented in energy consumption models by two climate varigbles:
cooling degree-days (CDD) and heating degree-days (HDD). For a nationa level study that uses
aggregate data, country level measures of CDD and HDD are needed. A potentia problem with
these aggregate or average estimates is that a subgtantid amount of information is lost during the
process of aggregation or averaging. We constructed national-level measures of CDD and HDD but
found thet their regresson coefficients were inagnificant. Ingead, we use quarterly dummy variables
to reflect the impact of temperature on energy consumption. Assuming a log-linear functiond
gpecification, the long run or equilibrium demand relationship for the ith fud is, therefore:

3 o
log(q,) =ay +a a; log(p,) *+ b log(y,) + @ did, + (@)
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s is per capitared consumption in average 1990 dollars of theith fudl;
P, isthe price index of theith fuel relative to the consumer price index;

Yi is per capitared household consumption expenditure in average 1990 dollars;
d,  aequaterly dummy variables; and
Uit isarandom error term.

We employ the dynamic OLS method developed by Stock and Watson (1993) to estimate the
parameters in (1). DOLS, as opposed to many other estimators, does not require that dl the
individua series in a long-term relaionship be integrated of order one, thet is, 1(1), as it is dso
goplicable to systems involving variables of differing orders of integration (Stock and Watson,
1993:783-4). In the case of 1(1) series, this technique involves regressng one variable on the
contemporaneous levds of the other variables and on the leads and lags of their firg differences and
aconstant term.

We expect there to be some smultaneous equation bias in this relaionship as we use average
prices rather than the margina prices of the different fuds The existence of multi-part tariffs and
different tariff sructuresin different regions of the country at a given point in time implies that prices,
in turn, are expected to be influenced by the corresponding fuel quantities. Though cointegrating
regressons are condstent esimators in the presence of smultaneity there may be bias in smal
samples. As Stock and Watson (1993) show, the presence of lead and lag values of the differenced
vaiadles in the etimating equation of a cointegrating vector deds with this Imultanaity bias dong
with smdl sample bias. Assuming that the individua variables of the modd are dl 1(1), the DOLS

estimating equation can be written as

log( 6) =2 + A & log( )+ Rlog(y) + A d.d,
j=1 gq=1
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We use OL S to estimate the above equation for each of the three fuels. We determine the number
of lags and leads in each equation, K, using a Wald test procedure. K, is adlowed to vary across
equations.
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3. Data

We obtained unpublished data on residentid energy consumption and prices from the Audrdian
Bureau of Statistics (ABS). The data are quarterly (seasondly unadjusted) spanning the period from
the third quarter of 1969-70 to the second quarter of 1998-9 for atota of 116 quarters. Data for
tota household consumption expenditure, household expenditure on energy, and the population
were obtained from various issues of the ‘Audrdian National Accounts Nationa Income,
Expenditure and Product’ (ABS Catdogue No. 5206.0). Both nominal and constant values of
expenditure, a average 1990 prices, were obtained. The break-up of the energy category into
expenditures on dectricity, gas, and other fuels was aso obtained from the Bureau on request, as
these data are not published.

The price deflators were constructed by dividing the nomind variables by the corresponding resl
ones. We used average as opposed to marginal prices. Marginad prices, which are gppropriate from
the viewpoint of economic theory, were not consdered due partly to data limitations and, more
importantly, due to the complications associated with the existence of multi-part tariffs and different
tariff sructuresin different regions a agiven paoint in time.

4.  Time-Series Analysis

Red per capita expenditure on dectricity, gas and the resdud fuels is plotted in Figure 1 and the
corresponding price (redl) time-paths in Figure 2. Energy consumption is clearly seasond. Electricity
consumption, for ingtance, is highest during the third quarter, the coldest quarter. It fals sharply
during the next quarter and to a lower leve during the firs quarter. This pattern of seasond
vaiations indicaes clearly that Austrdian households consume a lot more dectricity during winter
than in summer. Thisis not surprising because summer is relaively mild in the regions where mogt of
the population resides. The demand for space cooling and thus eectricity is not very high as a result.
Because winter is dso mild in much of the country, by the standards of temperate countries, many
Audrdians use dectricity for gpace heating as well as for water heeting despite its high cost. Gas
and residua fuels consumption is characterised by more or less the same kind of seasond patterns.
A cursory look at the figure shows that ectricity and gas consumption rose and consumption of
miscdllaneous fuels fell in a fluctuating fashion over the past three decades. A closer look &t the

figure, however, reveds another behaviour that is consstent across the three fuels. The second ail
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price shock, which hit the Austraian economy during the third quarter of 1978-9, permanently
changed the pattern of fuel consumption. The shock, for example, dowed the growth rate of
electricity consumption and increased the dope of the trend in gas consumption. In the case of the
resdud fuds it seems that the mgor supply-sde event permanently lowered the level without
greatly adtering the dope of the trend.

Seasona patterns are not obvious in the price graphs. This might be expected, as seasond
variations in energy demand, especidly those of dectricity and gas, are not managed through price
changes to any sgnificant extent. It is, however, clear that the oil shock of 1979 dso dtered the
price paths. The event reversed the sharp downward trend in the real dectricity price, a least for the
time being. The index has been fdling snce the early 1980s but at a mild pace. The gas price, in
contrast, has become more or less stable after settling down from the shock, while it too was
declining during the early 1970s.

The price of resdud fudsrose very sharply during the late 1970s and early 1980s in response to
the shock but subsequently declined. It seems that the oil price shock of 1973 dso influenced the
price of miscellaneous fuels. Theimpact is, however, very minor relative to that of the second shock.

The presence of a structura bresk in the series suggests that the standard Dickey-Fuller and
Phillips-Perron tests for unit roots would be biased towards the null hypothes's of non-stationarity.
Perron (1989) has shown that the standard type of unit root testing procedures significantly lose
power to regect the null hypothess of a unit root againg the dternative hypothess of a trend
dationary process if the underlying data generating process is trend dationary with a Structura
break.

For the purposes of this study, it is assumed that the oil price shock of 1979 changed not only the
level but aso the dope of the underlying trend function. Under the null hypothesis of a unit root the

data generating processis represented as.

Y =a+Y., +(& - )DL +a,DP +x 3

where DP = 1if t = fourth quarter of 1978-9 and zero otherwise; DL = 1if t 3 fourth quarter 1978-

9 and zero otherwise; as are parameters and X, is the error term. Under the dternative

representation of a trend sationary process with a one-time break in the level and dope, the

equaion is



Y =a+(a,- a)DL+at +(a;- a,)DT +Xx 4)

wheret isalinear determinidic trend; DT = t-37 for t > 37 and zero otherwise. The third quarter
of 1978-9 is the 37th observation.

One way to implement this procedure is to estimate the dternative formulation first, Equetion (4),
and then apply the standard Dickey-Fuller procedure to the resduas obtained from this stage. This
two-step procedure, however, implicitly assumes that the oil shock influenced the economy
ingtantaneoudy. This is an assumption that does not hold in generd and definitely not in this case as
is gpparent from Figures 4.1 and 4.2. In order to avoid this potentia problem, we follow Perron

(1989) and use the following specification:

=3
%D

Y =b, +hY,_, +bt+b,DT +b,DL +bDP +a c,d, +a DY, +z, (5

g=1 i=0

where d, is adummy variable for quarter g as defined previoudy and z, is arandom error term.

Lags of the first differenced varigble are introduced to dlow for the likely serid correlation
problem. As suggested by Perron (1989), we choose m as the lag length for the cointegrating
equation if the t-score associated with f, is larger (in absolute terms) then 1.6 and all subsequent i's
have a t-ratio of less than 1.6. The maximum lag length consdered is 12. Three quarterly dummies
are introduced in the above unit root equation due to the fact that quarterly data are used. However,
the dummy variables were inggnificant in the equations for the price variables and so were dropped
from those equations.

Perron (1989) shows that the critical values of the t-gtatistic depend upon the proportion of the
sample prior to the structura bresk. In our case this proportion is roughly equal to one third so that
(Perron, 1989) the critical value &t the 5 per cent sgnificance leve is-4.17. The null hypothesis of a
unit root is rgected if the absolute vaue of the t-score associated with b, islarger than 4.17.

The firgt two columns of Table 1 present the resulting unit root satistics. Clearly the null of non-
dationarity is rgected only in the case of the price of residud fuels as the asolute vaue of the t-
datigtic is greeater than the corresponding 5 per cent critical value. The last two columns report the
standard type of Dickey-Fuller procedure performed on firgt differenced variables. Here, the null of
a unit root is rgected easily at the 95 per cent leve of confidence in each case. It is, therefore,
concluded that dl variables are 1(1), except for the price of resdud fues, whichis1(0).
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We test for cointegration in the long-run relations using the Johansen methodology. We estimate
a vector autoregressive model for each of our behaviourad equations. The vector of variables for
each of the three VARS includes the log of the quantity varigble on the left hand side in (1), the log
prices of dl three fuels reative to the generd price index and log expenditure.

We choose the order of the VAR using Akalke s information criterion. The maximum order, P,
considered is five following the smple rule of P= N3, where N is the sample size (116). Residud
autocorrelations from the selected VARS were examined and found to be insignificant.

Thetrace and | . test Satistics are reported in Table 2 for the three energy demand equations.
The case of dectricity is conddered first. Here, the null of no cointegrating vector againg the
dternative hypotheses is rglected by both test Satistics at the 5 per cent levd. In order to determine
the number of cointegrating vectors the remaining hypotheses need to be tested. Thenull of r £1 is
not rgected againgt the dternative of r >1 (or r +1). The same is true with respect to the
remaning Hes. It is, therefore, concluded that a unique cointegration vector characterises the
postulated dectricity demand relation.

The case of gas is consdered next. Here, the null of no long-term relationship againg the genera
dternative hypothesis is rgjected using the trace test procedure with a probability vaue of nearly 5
per cent, as the corresponding 5 per cent critica value is 69.977. The hypothessof r =0 versus
r =1, by contras, is rgected a dmost the 10 per cent sgnificance levd with the help of the
maximum eigenvaue procedure (10 per cent criticad vaue, 30.818). All the subsequent null
hypotheses are not regjected even at the 20 per cent level of significance. Therefore, it is concluded
that there exigts a long-term relaionship in the case of gas as podulated in (1) and that the
relaionship happens to be unique. Findly, the maintaned hypothess of no cointegration in the
resdud fuels case is rgected with overwhelming support from the deta. There is, at the same time,
no sensble way to regject the remaining null hypotheses. This, again, leads to the same conclusion of

a unigue cointegration vector.

5. Regression Results

The estimates of the long run demand eadticities and the estimated coefficients of quarterly dummy
variables are reported in Table 3 dong with the t-ratios, the adjusted R-square, and some residua
diagnogtic tests. The coefficients, and hence t-scores, of the lead and lag varidbles are not
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presented, primarily because individud (lead and lag) parameters lack economic interpretation of
any sgnificance. The dectricity and resdua fud demand functions are estimated with five leads and
lags and, therefore, twenty additiond variables. The gas demand function, in contragt, includes two
leads and lags. The adjusted R is fairly high across the three regression equations. Variations in fuel
use during the past 30 years or S0, therefore, are mostly explained by fue prices, per capitaincome,
the weether proxied by quarterly dummy variables, and lead and lag variables of prices and income.

A Lagrange Multiplier test for first order serid correlation shows that there is not sgnificant seria
correlation of this type in any of the equations. However, the Q-datistics provide evidence of
ggnificant serid correation a longer lags. For eectricity, the Q(11) is the first sgnificant Q datitic.
This coincides with the partid autocorreation with the largest absolute value of -0.34. This suggests
the presence of an MA(11) component in the residud. For gas the Q-datigtics, autocorrelations and
partial autocorrelations suggest the presence of an MA(4) component. The pattern for the other
fuels resduds is harder to interpret with two spikes in the autocorrdation function at two and 9x
lags. These patterns would be very hard to accommodate with the small feasible number of lags and
leads possible in the DOLS approach. The Jarque-Bera gatistics indicate that the residuals of the
firs two equations are normally distributed but the resduas in the third equation are not normally
distributed. Separate tests of skewness and kurtosis indicate that kurtoss rather than skewnessis a
problem in the latter case.

The intercept for dectricity and miscdlaneous fud consumption is not sgnificantly different
between the first quarter and the fourth quarter. However, gas use is found to be markedly lower
during the January-March period in relation to the base period as the respective dummy varigble
coefficients are negative and gatigticdly sgnificant. Thisis not unexpected because gas consumption
for space heating is dmaost non-existent during the first quarter but some demand is expected during
the base trimester, especidly during the early part of the quarter.

Use of wood, heating ail, and other miscdlaneous fuds and the consumption of eectricity are
esimated to be higher during the second quarter than in the previous two quarters. The finding with
regard to dectricity is, however, less sure as the rdlevant dummy variable coefficient is sgnificant
only at the 10 per cent leve. Gas use, by contras, is roughly smilar between the second quarter and
the base period. Demand for space heating is essentidly the same between the two quarters because
of rdaively amilar temperatures.
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Findly, there is dgnificant evidence that dectricity, gas and miscdlaneous fuds consumption
increases very sharply during the third quarter, the coldest quarter. This is hardly surprising as the
demand for space heeting and hence fuel demand is highest during this quarter. Consumption of
electricity and gas is expected to be highest during this quarter while that of the resdud fuels is
estimated to pesk during the third quarter as the second quarter dummy coefficient is larger than that
of the corresponding third quarter in the miscdlaneous fuels demand eguation. Quarter-wise
averages of red per person expenditures of the three fuels are reported in Table 4. The figuresin this
table tell roughly the same story with regard to the energy consumption patterns across quarters
with, however, some exceptions. This is not unexpected because smple averaging according to
quarters does not take into account the impact of price and income information.

It seems that the Audtrdian residentia sector is quite sengtive to price variations as far as the
demand for energy is concerned. The own-price eadticity of the resdua fuels, for example, is
greater (in absolute terms) than unity and that of eectricity is nearly unity. The estimate of the gas
price eadticity is-0.70 but the null hypothesis of a unitary astic demand is not rejected even at the
10 per cent level. The same is true with regard to the other two dadticities. The two cross-price
eladicities between gas and dectricity are podtive and highly sgnificant, implying that the two fuels
are srong (gross) subgtitutes. Gas demand is, in fact, found to be more responsive to eectricity
price variations than to gas price changes. This result is in line with expectations and is good news
for policy makerswho aim to control carbon emissions associated with energy use.

The demand for resdud fuelsis not only own-price eagtic but dso is very sengtive to changesin
the prices of the two other fuels. The income sengtivity of resdud fuels, by contrad, is very low.
Obvioudy, the households that use these fuds condgder them a necessary expenditure. These
sengtivities hep to explain why the per capita consumption of this fud has declined during the past
three decades or s0. The red prices of the two competing fuels, dectricity and gas, declined by 16
per cent and 24 per cent, respectively during the last 30 years. The own-price of the resdud fuels,
by contrast, increased by dmost 100 per cent during the same period. As a result of these
unfavourable price movements, the demand for resdua fuels declined in absolute terms despite an
impressive risein per capitaincomes.

There is, however, one sgnificant problem with this set of results. Gas demand is estimated to
decline with an increase in the price of the resdud fuels, holding other factors congtant — a finding
that is contrary to theoretical expectations. It is generaly believed that gasis a very close subgtitute
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for wood and hegting ail in the areg, a least, of space heeting, though the resdua fuels would rarely
be used for cooking or water heating in Audrdia. It dso is a generdly hdd belief that the share of
gas in residentid energy use has been increasing, primanily at the expense of resdud fuds (AGA,
1992).

6.  Comparison with Other Studies

In Table 5 we present the dadticity estimates from previous studies of Audraian residentid energy
demand as well as the estimates from two North American studies by Dumagan and Mount (1993)
and Ryan and Wang (1996). Of the previous Audtrdian studies, only Rushdi's study (Rushdi, 1986)
is comparable in scope as the others al ded with eectricity demand aone. However, as we Sated
in the introduction our study is nationd, while the other studies ded with the Audraian Capita
Territory (highland temperate climate), Tasmania (mild maritime temperate climate). South Audtrdia
(Mediterranean climate) and New South Wdes (mostly sub-tropicad  summer-rainfal-maximum
climate). The North American studies cover temperate regions with cold winters in New York and
Ontario quite unlike any climates found in Audradia Only the Dumagan and Mount study estimates
income eadticities for dl fuds, though severd of the Austrdian sudies estimate income eadticities for
eectricity.

Comparing our results firg with the other Audrdian results for dectricity we find a broad
gmilarity. The own price eadticity of eectricity varies from -0.56 to -0.86 in the other studies and
our estimate is-0.95. The cross price eagticity with the other fudls varies from 0.20 to 0.46 with our
esimate of 0.38 within this range. Our estimate of the cross-dadticity with gas is a bit lower than
Rushdi's. The dectricity income eadticity ranges broadly from 0.32 to 1.13 and the range
encompasses our estimate of 0.52. Interestingly, the income eadticity islowest in the two studies for
the ACT, which is both the richest state and has the coldest winter.

The dadticities for the other two fuels have amilar Sgns and magnitudes to Rushdi's estimates
with the exception of the cross price eadticity for the effect of gas prices on resdud fud use. We
find it to be pogtive, while he finds it to be negative. A postive sgn is more consstent with
theoretically expectations.

However, there are huge differences between our results and the North American estimates.
The price dadicities in the North American sudies are mostly very smdl especidly for New York
with many close to or equd to zero. The income eadticities for the New York study are of a

ressonable Sze but are al less than one unlike our estimate of the gas-income dadticity.
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7. Conclusions

In this paper we examine a previoudy unpublished data set on nationa resdentid energy
consumption in Audtralia. A prior examination of the variables detected the presence of a structura
break in roughly dl time-series that was associated with the oil shock of 1979. The unit root
andyss, which took that shock into account, found al variables, quantities used, prices, and
expenditure to be integrated of order one, except the price of the residua fuels which was found to
be trend dationary. Usng the Johansen procedure we found evidence for a unique long-run
relaionship for each postulated demand equation. The resduds from the DOLS egtimates were
normally distributed and free of first order serid corrdation though there was evidence of higher
order componentsin the resduas.

Demand for the three energy categories was found to be fairly (own) price respongve as the null
of unit eagtic demand is not rgiected in any case. The study found sgnificant subgtitution possibilities
between different categories of fuels. Interestingly, the demand for gas was found to be more
sengtive to dectricity price variaions than to gas price changes. Also, dectricity and resdud fuels
were found to be necessities whereas gas was a luxury. However, we found the cross dadticity of
gas demand with respect to the residua fud price to be negative, which is theoreticaly unexpected,
athough the cross-price dadticity of resduad fueds demand with respect to gas price was postive
and sgnificant.

Our results are broadly smilar to previous, more limited Ausgtrdian studies, though dightly more
in line with theoretical expectations. However, they are dramaticdly different to the results of two
North American dudies. Both those sudies found consumer energy demand to be very
unrespongive to price. This means that caution should be taken in trandferring eagticity estimates
from such sudies to the Audradian context. Some generd equilibrium smulaion models, such as G-
Cube (McKibben and Wilcoxen, 1999), employ US eadticity estimates for their equations for other
developed countries. Use of such models could over-exaggerate the impact of environmenta
policies on the Audtrdlian economy.

We note, however, that the demand dadticities presented in this paper are long-run eladticities. In
the short-run, when energy appliances are fixed, the price sengtivities are expected to be rather

amal and it may take a number of years for a sgnificant adjustment to take place in response to a
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given price change. Changes in dectricity consumption, and therefore in carbon emissons, might be
minor in the short-run in response to any policy change.
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Tablel

Unit Root Test Results

Vaidble Vaidblesin levd form Firg differenced varigbles
L‘r’gs ta L@S ta
PeLecTRICITY 12 -2.87 3 -4.23*
Peas 4 -2.91 3 -5.17*
PresibuAL 0 -6.42* 2 -4.25*
y 4 -2.80 3 -4.44*
OeLECTRICITY 12 -2.43 3 -7.86*
OJcas 3 -2.35 2 -27.80*
OResIDUAL 7 -3.38 4 -4.17*

* Sgnificant at the 5 per cent leve.




Table2 Cointegration Test Results

Ho Electricity Gas Resdud Fuds
Trace | max Trace | mex Trace | mex
r =0 74.285%* 33.953** | 69.717%** 30.553 78.020* 42 967*
r £1 40.332 17.903 39.163 20.868 35.053 18.890
P £92 22.429 11.810 18.295 14.205 16.163 8.286
r £3 10.619 10.583 4.090 3.991 7877 7.257
r £4 0.036 0.036 0.099 0.099 0.620 0.620

Notes: 1. The dternative hypothessis a generd onein the case of the trace test but r+1 in
the case of the | s test. 2. Critical values are taken from Johansen and Jusdlius (1990): A
single asterisk (*) indicates Sgnificance of the respective coefficient at the 1 per cent levd; a
double asterisk (**) indicates significance a the 5 per cent leve; and, findly, atriple asterisk
(***) reflects the rgjection of the null hypothesis at the 90 per cent leve of confidence.




Table3 Regression Results

Variable Electricity Gas Resdua Fuels
constant 0.187 -9.497 -1.107
(0.73) (20.11) (1.51)
PELECTRICITY -0.951* 0.870* 0.987*
(12.39) (7.17) (3.01)
Pcas 0.205* -0.702* 1.295*
(2.28) (3.26) (2.74)
pRESl D 0.377* 'O. 186* - 1. 168*
(12.49) (3.20) (6.93)
y 0.523* 1.882* 0.538*
(11.37) (23.55) (4.07)
d, -0.034 -0.348* 0.359
(0.67) (2.79) (1.36)
4.72) (4.06) (3.64)
R? 0.981 0.964 0.971
LM AR(1) c?(1) 3.5592 2.7782 24251
(0.0592) (0.0956) (0.1199)
Q(20) c420) 47.2115 70.5893 49.4274
(0.0005) (0.0000) (0.0003)
Jarque-Bera 0.9655 0.3447 7.9747
(0.6171) (0.8417) (0.0185)

Notes: 1. The standard errors are due to Newey and West (1987). 2 * significant at the 1
per cent level; ** sgnificant at the 5 per cent levd; *** dgnificant at the 10 per cent levd.
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Table4 Real per Capita Energy Expenditure by Fud Type and Quarter (1990
dollars)
Fuel Quarters
Firs Second Third Fourth
Electricity 42.66 45.76 54.27 4534
Gas 5.58 8.85 12.66 7.94
Resdud fuds 4.68 11.37 14.42 6.27
Totd resdentid 52.55 65.98 81.35 59.55




Tableb

Residential energy demand elasticities, a comparison

Study Country Functional Region Period covered Elas

specification

& & & § € €&,

Hawkins Australia  singleequation  NSW, cross-section, -0.55 - - 0.93 - -
(1975) (linear) ACT 1971
Donndlly Australia  single-equation ACT 1964-82 -0.77 - 042 069 - -
(1984) (log-linear

dynamic)
Donndlly Australia  single-equation ACT 1964-82 -0.86 - 046 032 - -
(1984) (linear,

dynamic)
Donnelly and Australia  log-linear TAS 1961-80 -0.56 - 031 113 - -
Saddler (static)
(1984)
Donnelly and Australia  several single-  ACT 1964-82 -0.76 - - - - -
Diesendorf equation to
(1985) specifications -0.81
Rushdi Australia  static translog SA 1960-82 -069 049 020 - 168 -153
(1986)
Dumagan USA dynamic logit New 1960-87 -007 002 000 072 002 -023
and Mount system York
(1993)
Ryan and Canada translog Ontario 1962-89 -023 014 o004 - 019 -025
Wang (1996)
This Study Australia DynamicOLS National  1970-98 -095 021 038 052 087 -070

Notes: 1. ACT= Australian Capital Territory, NSW = New South Wales, SA = South Australia. 2. The Ryan and Wang el asticiti
the respective sample means. 3. qj = elasticitiy of the ith fuel source with respect to the price of the jth fuel, wherei,j=1, 2, 3(1

income elasticity of theith fuel.
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Sour ces; Audtrdian Bureau of Statistics, 1999. Australian National Accounts: national income,

expenditure and product, Catalogue No. 5206.0, Canberra; author’s caculations.
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Quarterly real priceindices (log)
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expenditure and product, Catalogue No. 5206.0, Canberra; author’s calculations.



