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ABSTRACT

We generally consider that the price elasticity of the energy demand is quite small. But it
appears that strong increases in gasoline price lead to modifications in consumer behaviours.
The high volatility of petroleum prices and thus gasoline prices and the strong increases since
the beginning of 2000 justify an analysis of price effects on gasoline consumption.

Thus, in this paper, we estimate the effects of price variations on gasoline consumption, in the
short and the long-term, in two countries: the United States and India. We use a co-integration
modelling to test for long-run relationship between gasoline consumption, income, price and
vehicle ownership in the two countries. We use an error correction model to test for short-run
prices effects and more precisely for asymmetric effects on demand of increases and
decreases in gasoline prices. The main conclusions are the following.

- The United States: (1) The long-term price elasticity is relatively high for an
industrialised country because gasoline taxes are low (2) Households are more
sensitive to a price increase than a price decrease.

- India: (1) Price elasticity in the long-run is quite high but is quite small in the short —
run. It is not surprising for an emergent country (2) It seems that there is no
asymmetric effect of price variations on gasoline consumption.
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1. Introduction

The transport sector still uses more than 95% of petroleum products, principally gasoline
and diesel fuels. This consumption generates carbon dioxide emissions, which are partly
responsible for climate change. Today, road transport, and especially passenger vehicles,
emits approximately 60% of the transport sector's carbon dioxide emissions (WBCSD 2004).
Thus, the development of this kind of transport could be a real problem, in terms of fuel
consumption and pollutant emissions, particularly in the developing countries. There are some
policies to reduce CO, emissions: new standards, emission quotas and fiscal policy on the
vehicle or/and on the fuel. The first two policies are especially directed towards industry,
whether to reduce the emissions of the production process, or to stimulate the development of
new technologies, despite there being a repercussion on the consumer. The third one, for its
part, acts directly on households' behaviour, principally in the short run, changing their habits
(in the long term, fiscal policy has also an impact on vehicle manufacturers). Therefore, we
are particularly interested in policies directed towards consumers. So, in this way, it is
important to analyse demand sensitivity to price variations, and more precisely its sensitivity
to price increases and price decreases. In terms of economic policy implications, this can lead
decision makers to choose between increasing the tax on pollutant fuels and decreasing the
tax on more "green" fuels for example.

To bring this analysis to a successful conclusion, we cannot generalize economic policies to
every country in the world. It seems that these fuel price policies to reduce carbon emissions
will be different in the industrialised world from emergent areas. In fact, economic and
technical characteristics, as well as socio-cultural and transport behaviour, are really distinct
depending on the country studied. Moreover, if it is important to reduce fuel consumption to
decrease carbon dioxide emissions in the industrialised regions, in an emergent country,
policies have to help the development of a sustainable transportation system, which can slow
the progression of fuel consumption and pollutant emissions. In this way it is very interesting
to compare two different countries: the first one industrialised, and the second emergent. We
chose to analyse the United States and India. We can compare these two countries because
they are great with large populations and big urban centers, so the need for motorised mobility
is really important, even if the kind of mobility is different. The US has a very large fleet of
personal vehicles: about 230 million cars in 2005, which is the biggest fleet in the world.
Potentially, India, which has a large and increasing population plus strong economic growth,
can reach in the future the US vehicle fleet level. Moreover, individual vehicles still use
mainly gasoline fuel, while diesel is starting to be developed. In these two countries, there are
some new standards, called CAFE' in the US and Bharat Stage in India, concerning fuel
efficiency or conventional pollutants, which show that both countries' policies focus on the
engine or fuel to reduce emissions rather than travellers' behaviour. About carbon dioxide
emissions, there is not yet any clear environmental policy. However, despite these common
points, it is clear that consumer behaviour is really different, because of the level of national
income, the composition of the vehicle fleet (cars in the US, both cars and two-wheeled motor
vehicles in India), the new technologies, the kind of motorisation and the quality of gasoline
used (fuel specifications)

Thus, our question concerns the reaction of consumption to a variation in price. Starting with
the classical principle that fuel consumption in passenger motor vehicles depends on national
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income, fuel price and the stock of passenger cars, the aim of this paper is to estimate long
and short run responses of energy demand to variations in its major determinants and
particularly price, because this has important implications about reducing motor vehicles'
carbon emissions. In this way, we think that it is very important to test the asymmetric effect
of price variations. This means that households have not the same sensitivity to price rises or
to similar falls. To do this analysis, we use an econometric model of fuel consumption based
on a co-integration relationship. Some recent studies (Eltony & Al-Mutairi 1995 for Kuwait
Samimi 1995 for Australia, Ramanathan 1999 in India) have confirmed the existence of a co-
integration relationship between gasoline demand and macroeconomic variables. They have
shown that there is a long term relationship between gasoline consumption, gasoline price and
income. In our analysis, we have added a variable of vehicle ownership (per adult aged 15 or
more, as in Lescaroux, Rech 2008). Thus, we first estimate the long run price elasticity, in
comparison to the long run income elasticity, and the importance of the stock of passenger
vehicles. Then, through an Error Correction Model (ECM), we estimate especially short run
price behaviour and we analyse whether variations in price have symmetric effects on fuel
consumption in passenger vehicles.

Results show that in an emergent country such as India income elasticity is high in the long
run, but low in the short run, especially for two-wheelers. Moreover, the effect of price
variations on fuel consumption seems to be symmetric in the short run. For the US, long run
income elasticity appears to be higher than price elasticity. In the short run, households seem
to be particularly sensitive to a strong price increase. This asymmetry is partly because of the
irreversibility of technological progress.

The outline of this paper is as follows. In Section II, we describe the bibliography and
theoretical explanations for asymmetric effects. In Section III, we specify the long run
demand equation, and the short run ECM. Thus, we analyse the different decompositions of
price series borrowed from Wolffram 1971, Traill et al. 1978 and Gately 1992. Section IV
presents the econometric results for the US and India and section V summarizes and
concludes with the policy implications of this analysis.

IL. A survey of literature and theoretical explanations for asymmetric effects

It is generally admitted that there is a form of asymmetry of the effect of price variations
on energy demand. This discovery results from the attempt to anticipate energy demand after
the oil price collapse of the mid 1980s. Energy demand previsions were over-estimated,
because we thought that if price recovered its initial level, demand would also find once again
the standard of the early 1970s. However, this was not the case and so it showed that there
was a form of asymmetry in the reaction of demand to price increases and decreases.
Moreover, households seem to be more sensitive to a price rise than a similar fall. The
asymmetric effect of price variation was defined by Dargay in 1990: "the demand response is
"asymmetric" if a given price increase results in a decrease in demand that is either larger or
smaller than the increase resulting from an equivalent price fall".

Theoretical explanations were given by Wirl 1988 and Walker, Wirl 1993 in different
economic sectors that use energy, and particularly in the transport sector. This means that the
irreversibility of technological progress, price expectations and the existence of fixed costs are
partly responsible for asymmetry. The first explanation is understood as the improvement of
vehicle efficiency. Thus, when fuel prices increase, the industry triggers research and
development efforts to make more fuel efficient equipment. Consumers move to another
demand curve. Then, when the price falls and finds its initial level, the technology exists,
vehicles are more efficient, and the energy demand is not restored to its initial level. Thus, the
irreversibility of technological progress brings asymmetry. The second explanation is price



expectations. If we consider that consumers are not myopic, so, when prices are low,
households decide their consumption patterns anticipating that prices will increase. But, when
prices are high, they react in accordance with this price. Thus, it seems that consumers react in
function of high prices (real or anticipated), and not low prices, which brings asymmetry to
consumers' behaviour. The third explanation is the existence of a fixed cost when households
decide to change their equipment. Thus, if there are few variations in price, a small increase
for example, consumers do not change immediately their equipment because the fixed cost is
high. However, if the price variation is strong, it can be cost effective to change the
equipment. This conclusion depends on whether a fixed cost constitutes a significant amount
in the consumer's calculation.

This approach in terms of an asymmetric effect of price variations on energy consumption
was developed in the 1990s. In this way, Dargay 1992a, 1992b, Gately 1992 and Hogan 1993
showed the evidence for an asymmetric effect of price variations on motor fuel demand in
European countries such as France, Germany and the UK, in all OECD countries or in the US.
Conclusions were that households are more sensitive to strong increases in price. Moreover,
Gately 1993, Gately and Huntington 2001 enlarged this analysis to different groups of
countries such as non-OECD countries. Conclusions were more heterogeneous, depending on
the model used, or on the kind of OECD countries analysed (oil exporters, countries that
experienced steady growth in per-capita income ...).

In their different models, these studies pointed out the dynamic aspect of the relationship
between energy consumption, price and income. Gasoline demand, for example, cannot react
immediately after a price or income variation because of the existence of a vehicle. Thus, if
gasoline prices increase, consumers will not change their equipment for a vehicle which uses
another fuel because there is inertia in households' behaviour, because of the existence of an
expensive equipment and because vehicle fleet turnover is long. It is necessary, in this
context, to construct a model with a form of adjustment between the short and the long-term.
These analyses have generally used a Koyck-lag model (Hogan 1993, Gately and Huntington
2001, Griffin and Schulman 2005), a partial adjustment model (Gately 1992, 1993), or an
Error Correction Model (ECM) (Dargay 1992b, 1993). We have chosen to follow Dargay's
methodology in particular because our series are not stationary and a co-integration
relationship does exist between them. Also every co-integration relationship can be written, in
dynamic specification, with an ECM (Engle and Granger 1987)%.

Today, it is really important to once more analyse this asymmetric effect. We have entered a
period of dramatic increase in gasoline price. Moreover, because of this structural rise, fuel
markets will be very tight in the future, which increases the price volatility. Thus, an analysis
in terms of asymmetric price effect is justified.

III. A demand model of fuel consumption in passenger cars

To construct a demand model of fuel consumption in passenger cars, we have to point out
the main determinants of this demand. We assume that fuel consumption depends on fuel
prices, income and passenger vehicle fleets. To analyse the asymmetric effect of price
variations on gasoline consumption, we have first to decompose price series, second, to look
for the co-integration relationship between the different variables, and then, to build a short
run ECM.

? It is the Granger's representation theorem



1. Price decomposition

Our starting point is the decomposition of the price series. We use, more precisely, three
different specifications of price series. The first one was employed by Wolffram 1971, which
distinguishes between a demand response to price rises and price falls. The second was used
by Traill, Colman and Young 1978, who criticize Wolffram's decomposition. They proposed
to divide price series in two: one for the maximum historical price, and the other for all small
variations. Gately 1992 took into account the first two forms (Wolffram, Traill et al.). He
proposed to split up the price series into three different parts, one for the maximum historical
price, the second for other positive variations in price and the third one for negative
variations. Thus, we generate seven variables, P_max, P_rec, P_cut for Gately's
decomposition, P_wl, P_w2 for Wolffram's and P_tI, P_t2 for Traill et al. They take the
following form, in logarithms as in Hogan 1992 or Dargay, Gately 1995:

Decomposition 1: Gately (1992)

P_max, =max(P,...., P)

P_rec, = émax{O, (P_max, - B_l)— (P_maxl.— E)}
i=0

P _cut, = imin{O, (P_max, —P_,)—(P_max,— P)}
i=0

Decomposition 2: Wolffram (1971)

P_wl, =P_max,+ P _rec,
P_w2,=P_cut,

Decomposition 3: Traill et al. (1978)

P_tl, = P_max,
P_t2,=P_cut,+P_rec,

As an example of the price decomposition technique, Fig. 1 shows the real gasoline price in
US Dollars in the US, in logarithm, with its different decompositions. So, we see two jumps
in P_max (or P_t1). The first one is in 1973/1974, and the second one in 1978/1979, which
represents the two oil shocks. The last peak in this period is reached in 1981. It confirms that
P_max (or P_t1) is always positive and non-decreasing and it rises only when price increases
above a previous maximum. P_rec, which is the cumulative series of positive variations in
price, is also positive and non-decreasing, but the jumps are frequent and small because they
include all small positive variations in the price. P_wl is the sum of P_max and P_rec, and
thus represents all price rises. P_cut (or P_w?2) is the cumulative series of negative variations
in price. The graph shows that it is negative and non-increasing. We can see a big cut in the
1980s, which represents the price collapse, and small cuts afterwards, up to 2005. Finally,
P_12 is the sum of P_cut and P_rec, and thus represents all small variations, both positive and
negative.



Fig. 1: The different decompositions of gasoline real price in the US
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2. A long-term relationship

We attempt to point out a long-term relationship between gasoline consumption, gasoline
price, income and motorisation rate. Thus, we build an econometric model based on a co-
integration relationship. We use this kind of model because our series are not stationary, so
we look for a co-integration relationship between them to estimate the following equation:

Cr :a+IB'Vr +7Yr +77Pr +¢&, (1)

where C, V, Y and P are the logarithms of the long-run fuel consumption of passenger
vehicles per adult, of the vehicle ownership per adult, of the real national income per adult,
and of the real fuel price. The demand specification in logarithms has implications in terms of
constant elasticities and especially for income elasticity because we use another specification
for price elasticity. Y and P are generally used, and this is easy to understand, but V is never
used in models with asymmetric effects of price variations. However, fuel is not demanded
for itself, but to sustain a piece of equipment, thus the vehicle ownership is an important
determinant of fuel consumption. So, if we miss out this variable, price and income
elasticities would be overestimated. Moreover, using this variable adds robustness in the
modelling.



3. Dynamic specification

Our concern is about equilibrium relationship. However, it is necessary to introduce a
dynamic component into the modelling. In fact, the effect of price and income variations on
fuel consumption is not instantaneous, because of present constraints, and notably those
imposed by the existence of a stock of equipment. So, there is some rigidity and inertia. We
can admit the existence of an adjustment process between the short and the long-run, which
formalizes the passage from the present to the future. There are different forms of adjustment
processes used in the Koyck lag model or the Error Correction Model, for example. Thus, our
series are not stationary (C, V, Y and P), and a co-integration relationship exists, so the
adjustment process from the short to the long-term can always be represented by an ECM.
This can be written as:

t t t t R
ACt =a'+ 5i 'ACt_i + = ﬁ'i.AVt—i + = VlHAYl‘—i + = n'i.APl‘—i +A- Er tuy (2)

All variables are in logarithm form and in first differences, to make them stationary, (for
example, AC; = C, — C.; ), so that the change in gasoline consumption is specified as a
function of current and lagged changes in price, income and vehicle ownership and lagged
changes of gasoline consumption. The formulation &,_; represents the error corrector term: all

the short-run shocks will be rectified to return to the long run equilibrium. In fact, for co-
integrated non-stationary series, a linear combination of the variables can be stationary, so it
is exploited in the short-run, utilising the co-integration relation's error term estimated, with
one lag, as the error corrector term, because it is stationary. Thus, A is always negative and
can be interpreted as an adjustment coefficient. Another piece of information is that #’
represents the short-run price elasticity and 7', the short-run income elasticity. In this basic
form, price elasticity is single for one year ¢, which specifies a symmetric effect of price
variations. In our analysis, we also use the three decompositions presented, replacing 7"APF,
by:
1/ n'1-AP _max,;+1n'y-AP _rec; +1'3-AP _ cut,

2/ 01 AP_wl, +7 2-AP_w2,
3/ 1-AP_tl, +7 2-AP_12,.

So, we have to test if variations in price have an asymmetric effect or not. In the asymmetric
modelling, where we use the different price decompositions, we have to test if, in the Gately
case, 1'; = 2 = '3 and in the Wolffram or Traill et al. cases "', = "> and "', = n'">. So, we
use a Wald test where the null hypothesis HO is the stability of the coefficients and the
alternative hypothesis is the non-stability. If the probability of the test statistic is under the
fixed threshold (5% maximum), we reject the null hypothesis and accept the asymmetric
effect.

IV.  Empirical results
1. Data

Equations (/) and (2) were estimated for the US and India, using annual data covering the
period 1978-2005.



C represents the logarithm of gasoline consumption of passenger vehicles per adult aged 15 or
more. It comes from the Department of Energy (DOE) for the US (in gallons) and the
International Energy Agency (IEA) for India (in litres). Population data comes from the World
Bank database (WB). Y, the logarithm of the national income per adult originates from the WB
both for India and the US, in constant 2000 USD. V, the logarithm of the vehicle ownership
per adult is a result of the division between the passenger vehicle fleet (United Nations
Organisation for cars and Motor Transport Statistics for two-wheeled motor vehicles) and the
adult population, for India and the US. P represents the logarithm of the gasoline price. It
comes from the DOE for the US and is expressed in constant 2000 USD per gallon; it comes
from Enerdata for India and is in constant 2000 USD per litre. In order to illustrate the
differences between these two countries, we present first the evolution of the personal vehicle
fleet in India and in the US, and second the evolution of gasoline consumption and gasoline
price in both countries.

Fig. 2: Vehicle ownership per adult in India and in the Us?
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Fig. 2 shows the vehicle ownership, both for India and the US with very different levels. The
particular vehicle fleet in the US is, in the majority, composed of cars. It is the biggest fleet in
the world today and vehicle ownership reached 1.2 cars per adult or 0.8 cars per inhabitant.
So this has some important implications for gasoline consumption. Concerning India, the
vehicle fleet is not very high but in strong growth. This fleet is composed of two types of
vehicles: cars at about 20% and two-wheeled motor vehicles around 80%. This increase in the
vehicle fleet implies a rapid growth in gasoline consumption.

3 The left Y-axis is for Indian consumption, while the right Y-axis is for the US



Fig. 3: Evolution of gasoline consumption and gasoline price (in logarithms) in the US
and in India
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Fig 3. shows that the growth in gasoline consumption in the US has been slowing since the
beginning of the sample but more precisely since the 1990s. The strong increase in gasoline
price leads to a decrease in gasoline consumption after 1978. Then, price is volatile but low,
and consumption grows, but slowly. From the late 1990s, gasoline price is increasing
strongly, and consumption continues to increase slowly, at the same rate as before. In 2005, in
constant currency, price never increased beyond the historical maximum, reached in 1981.
Consumption stagnation can be explained by the saturation of the automobile fleet and the
increase in fuel efficiency since 1978, with the introduction of new standards named CAFE.
Concerning India, we can see that gasoline consumption is rising strongly after 1990.
Concurrently, gasoline price is increasing all along the sample. Prices were controlled, so
volatility is not so high. However the level of price is quite high. It is an Indian policy to keep
gasoline price levels high. Since 2002, prices have been liberalised, so that there has been a
rapid and strong rise since 2003.

It is important to remember that the quality of statistics in India is not the same as in the US.
There are some problems of reliability but also possibilities of fraud or subsidies (Indian
companies maintain a certain level of prices, imposed by the government) etc.
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2. Estimated results for the US

The variables C, V, Y and P (in logarithms) were found to be integrated for order one on the
basis of augmented Dickey-Fuller 1979, Phillips-Perron 1988, and Kwiatkowski et al. 1992.
They were all found to be stationary in first difference. Thus, to estimate our equation (/), we
tested for co-integration. According to the Engle Granger two-step procedure, and to the
Johanssen test, one co-integration relationship exists between the four variables. The long-run
characteristics of the model are represented by the regression equation (/). The co-integration
results appear in table 1.

Table 1: Results of the co-integration relationship

Estimation of coefficients for the following variables: | co-integration relationship
Y 0.60%**
P -0.28#%*
D86 -0.16%%*
Notes:

(1) *, **, *** indicate significance levels at 10%, 5%, and 1% respectively.
(i1) D86 is a dummy variable which equals 1 in 1986, 0 otherwise.

We estimated this relationship using the OLS* estimator. All the coefficients are significant at
1%, except for the coefficient of car ownership. We added a dummy variable D86 which
represents the effect of the mid 1980s price collapse on consumption. Its effect is negative,
which means that the fall in gasoline price led to a rise in gasoline consumption. The long-run
income elasticity is around 0.6, which is consistent with recent studies’. The long-term price
elasticity is about -0.3, which is relatively high for an industrialised country. This elasticity is
consistent with recent studies (Small & Van Dender 2007). In the long-term, income elasticity
is stronger than price elasticity (in absolute value). This means that households react stronger
after an income variation than after a price variation.

For the dynamic asymmetric modelling, we estimate equation (2) thanks to an ECM. Results
are presented in table 2.

* Ordinary Least Squares
5 Hughes, Knittel, Sperling, 2008
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Table 2: Results of the ECM

Estimation of coefficients | ECM asymmetry ECM asymmetry ECM asymmetry

for the following | Gately Traill Wolffram

variables:

AY.Du87 0.4%* 0.4* 0.927%*%*

£, -0.25%%* -0.25%%%* -0.31%*

D87 0.25%#* 0.25%** 0.25%**

AP

AP_max -0.42%%%

AP_wl -0.42%%%*

AP _t1 -0.25%**

R? 0.94 0.94 0.91

AlIC -5.30 -5.30 -5.01

BIC -5.11 -5.11 -4.82

Durbin-Watson 242 2.42 1.74

Jarque-Bera 0.06 0.06 0.42

White — F stat 1.09 1.09 1.89

Wald test Rejection of the Rejection of the Rejection of the
symmetry symmetry symmetry

Notes:

(1) *, **, *** indicate significance levels at 10%, 5%, and 1% respectively.
(i1) D87 is a dummy variable which equals 1 in 1987, 0 otherwise.
(iii) There is no significant lag

Regarding the dynamic asymmetric modelling, the Wald test seems to reject the null
hypothesis of coefficient stability of AP_max, AP_rec and AP_cut, of AP_w1l and AP_w?2,
and of 4P_t1 and AP_r2. So there is a form of asymmetry of price variations on gasoline
consumption; thus, we use a short run modelling with asymmetry. The coefficient for the
error corrector term is significant and negative, which validates the ECM. Its value is around -
0.25.

AIC and BIC criterion seem to choose the first two modellings: Gately and Traill what are the
same when we keep only the significant coefficient. Thus, we will explain these modelling.

It seems that there is a break on the GDP series in 1985/1987, which represents the new
situation in the USA with the Reagan government. Thus, after the 1982 recession, and up to
1989, GDP growth was around 3.8% per year, on average, The short run income elasticity is
significant, at around 0.4. This coefficient is consistent with the literature (Hughes & al,
2008). In fact, the estimated short run income elasticities in the US, according to different
recent studies, range from 0.21 to 0.75°.

Coefficients for the negative variations in price are always insignificant. This means that
households react more after a rise in price than after a price fall.

The coefficients for the maximum historical price are significant. Thus, households seem to
be sensitive to price increases, and more precisely, to strong increases beyond the historical
maximum, which is the interpretation of the P_max and P_t1 series. Their values are
around -0.42.

Following this analysis, there are two main conclusions. First, households are more sensitive
to a price rise than a similar fall. The theoretical reasons for such asymmetry can be the
irreversibility of technological progress because of the rapid technological development in the
US and the insertion of more efficient vehicles.

6 Hughes, Knittel, Sperling, 2008
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The income elasticities (in the long and the short-run) correspond to what we find for
industrialised countries. The US is on average a rich country, so the proportion of gasoline
expenditure out of total household expenditure is low. Thus, the income elasticities are below
1. Price elasticities are quite high, but it can be logical for a country where taxes on the
gasoline price are low because every variation is directly passed onto the consumer. However,
only the coefficient of price increases is significant, and the coefficient for the maximum
historical price is higher than the others.

Even so, the elasticity of a high increase in price is very high. The US is a big country with a
very low population density (32.35 inhabitants per km? compared to India: 368.15), which
tends to increase the need for a personal vehicle. If price varies, the use of cars will not
change. Thus, in the main a high increase in price can significantly reduce the use of private
vehicles, and hence decrease gasoline consumption.

3. Estimated results for India

Unlike the US, we estimate two different equations instead of equation (/) and two more
equations instead of equation (2). In fact, India's fleet is composed of two kinds of vehicles
and there is no reason that consumers react in the same way if they own a car or a two-
wheeled motor vehicle. Thus, we estimate the co-integration relationships as follows:

C_car, =a,+ -V _car, +y,-Y, +n,-P, +¢, (1.1)
C_tw, =a,+f,-V_tw, +7,-Y, +1, P, +&,, (1.2)

Concerning the short run ECM, the two equations are:

t t t
AC _car, = 0{'1+'zl 0); AC _can_; + 'Zl B, AV _can_; + 'Zl 71; MY
= 1= 1=

t (2.1)
+ 20 AP+ A € Fuyy

1=

t t t
AC_tWt = a‘2+ z 521' 'AC_tWt_l' + X ﬁVZi'AV—tWt—i + X }/’Zi'AYt—i

! (2.2)

t R
+ 2 2 AP+ Ay &y tuy,

1=

Regarding the long run relationship, and in the same way as for the US, the different variables
(in logarithms) were found to be integrated for order one and stationary in first difference.
Engle and Granger's two-step process and Johanssen's test, seemed to conclude the existence
of one co-integration relationship between these variables, and for the two equations, so we
could estimate equation (/./) and (1.2) as the co-integration relationships. The long-run
characteristics of the models appear in tables 3 and 4
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Table 3: Results of the co-integration relationship for the consumption equation of cars

Estimation of coefficients for the following variables: co-integration relationship
V_car (.43 %%

Y 0.65%**

P -0.58#**

du03 0.1 1#%*

Notes:

(1) *, **, *** indicate significance levels at 10%, 5%, and 1% respectively
(i1) du03 is a dummy variable which equals 1 for 2003, 2004, 2005

Table 4: Results of the co-integration relationship for the consumption equation of two-

wheelers

Estimation of coefficients for the following variables: co-integration relationship
constant -10.88#%*%*

V_tw 0.10%

Y 1.89%**

P -0.35%*

du03 -0.14%%*

Notes:

(1) *, **, *** indicate significance levels at 10%, 5%, and 1% respectively.
(i1) du03 is a dummy variable which equals 1 for 2003, 2004, 2005

All the coefficients are significantly different from zero at one or five percent. We added a
dummy variable that equals one for the years 2003 to 2005. These years represent the
progressive liberalisation of the price of gasoline. The coefficient is about -0.11 to -0.14, so it
is negative showing that the liberalisation, which generally causes an increase in price, leads
to a reduction in consumption.

Concerning the consumption of the car fleet, price elasticity is about -0.6 and income
elasticity 0.65. For the consumption of the two-wheeled motor vehicle fleet, price elasticity is
around -0.35 and income elasticity 1.8.

Thus, both for cars and two-wheeled vehicles, income elasticity is higher than price elasticity
in the long-run. Our price elasticity is consistent with the literature, but we have income
elasticities lower than other papers (see Ramanathan 1999). We added a variable for vehicle
ownership, which tends to reduce the coefficient for GDP. However, our income elasticities
are quite high because we are in a period of "take off" of motorisation. Income elasticity of
fuel consumption of two-wheeled vehicles is high and stronger than income elasticity of fuel
consumption of cars. Thus, if households have a car, it means that they have more money than
other Indians, so the fuel budget is smaller and an income variation does has an effect
although not as strong as for an Indian who has a two-wheeled motor vehicle.

We could estimate equations (2.7) and (2.2) for the dynamic specifications, making series
stationary. It is a restricted ECM, where Z, = AV _car, + AY, and Z',=AV _tw, + AY,

t
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Table 5: Results of the ECM for car fuel consumption

Estimation of coefficients for the following variables: ECM Symmetry
4Cy, 0.29%*
Z 0.31%**
&, -0.51#%*
D03 -0.08%*%**
AP -0.30***
R? 0.60
AIC -4.48
BIC -4.24
Durbin-Watson 2.29
Jarque-Bera 0.71
White F-stat 1.33
Notes:

(1) *, **, *** indicate significance levels at 10%, 5%, and 1% respectively.
(i1) D03 is a dummy variable which equals 1 in 2003, 0 otherwise.

(iii) There is no significant lag

Table 6: Results of the ECM for two-wheeler fuel consumption

Estimation of coefficients for the following variables: ECM Symmetry
AC, 0.32%%*
z' 0.28%**
£, -0.33%*
D00 0.08%*
AP -0.21%%*%
R? 0.61
AlIC -4.24
BIC -4.00
Durbin-Watson 2.20
Jarque-Bera 1.45
White F-stat 0.69
Notes:

(1) *, **, *** indicate significance levels at 10%, 5%, and 1% respectively.
(i1) D00 is a dummy variable which equals 1 in 2000, O otherwise.

(iii) There is no significant lag

Wald's test seemed to conclude the symmetric effect of price variations on gasoline
consumption. Thus, we did not choose the asymmetric modelling with price decomposition,
and we used the price series P.

The coefficient for the error corrector term is significant and negative for equations 2./ and
2.2, which validates the use of an ECM. Estimating the ECM thanks to the OLS estimator, we
obtained the short-run elasticities.

For both of the models (gasoline consumption on cars and two-wheelers), there is a
multicollinearity phenomenon between the vehicle ownership rate and the GDP. In fact,
vehicle ownership is very dependent on national income. Consequently, we build a restricted
ECM by summing the two variables.

Regarding equation 2./ first (the gasoline consumption of cars) short-run price elasticity is
about -0.3, which is quite small. In the same way, short-term income elasticity is also very
low, around 0.31, and is lower than for the US.
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Secondly, for equation 2.2 (the gasoline consumption of two-wheeled motor vehicles) results
are quite similar: short-run price elasticity is about -0.21 and short-term income elasticity is
around 0.28.

This modelling induces a price elasticity which is consistent with the literature (about -0.28
for Ramanathan in 1999), but our income elasticity seems to be very small compared to other
studies (Ramanathan 1999 or McRae 1994). It can be explained by the introduction of a
vehicle ownership variable, which can reduce the income effect.

The conclusions for the Indian model are three-fold. First, it seems that there is no
asymmetric effect of price variations on gasoline consumption, both for the fuel consumption
of cars and two-wheeled vehicles. Thus, households have the same reaction but in the
opposite direction, if the price of gasoline rises or if it falls in a similar proportion. The reason
is that, on average, households are very poor, so they do not have any choice in buying a more
efficient vehicle or taking other irreversible decisions. Taking the bus or travelling on foot or
by bicycle when gasoline prices are high, and using a private vehicle when price falls is an
example of reversible behaviour. In Delhi, fifty percent of the transport consists of buses
while 81% of households have a vehicle: two-wheeled motor vehicles or cars’.

Second, it seems that price elasticity is quite small in the short-run. Its low level is not
surprising in an emergent country. First, in this kind of country with high economic growth,
the transport sector needs to develop. Thus, even if the price varies, the necessity to travel is
very high. Moreover, households who own a private vehicle (more precisely a car) use it,
even when there are price increases. This can be a desire to be distinguishable from others
because it is a sign of wealth. Generally, cars are imported in India, and so driving a foreign
car is synonymous with wealth. In the long-run, price elasticity is higher than for an
industrialised country which is very interesting for a policy related to gasoline prices.

Third, it seems that price elasticity in the long-run is quite high. It can be interesting in terms
of substitution in the future. We expect that in a context of high gasoline prices (due to the
market or to fiscal policy) consumption tends to slow down.

1V. Conclusion

This paper used a co-integration technique to estimate the price elasticity of gasoline
consumption on passenger vehicles. The model explained consumption per capita by its
different determinants: gasoline price, national income per capita and vehicle ownership.
Moreover, it tried to find out if price variation has a symmetric effect on gasoline
consumption, thanks to short-term modelling, such as an ECM. We pointed out the fact that
there is a form of asymmetry of price variations on gasoline consumption in an industrialised
country like the US. This is because of the importance of automobile transport and the
irreversibility of technological progress. The model also showed that there is no asymmetry of
price variations on consumption in an emergent area such as India. Household behaviour,
therefore, seemed to be reversible.

In terms of price and income elasticities of fuel consumption, it seems that they are smaller in
the short-run than in the long-run. For India, they are especially low in the short-run and high
in the long-term (more precisely concerning the income elasticity of fuel consumption of two-
wheeled vehicles). For the US, elasticities are consistent with the literature and not so
different in the short and long-run.

Thus, the principal aspect of this paper is the comparison between India and the US. It seems
that consumers' reactions are very different in these two kinds of countries. This difference

"Bose and Sperling, 2001
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implies that if we want to reduce gasoline consumption, or to prevent too strong growth,
economic policies will be distinct.

We can say that in the US, there is a trend to reduce gasoline consumption when prices rise
sharply. Thus, in a context where gasoline prices increase tremendously, we can let this
natural trend happen. Yet, the government can accompany this movement by introducing new
standards of fuel efficiency, for example.

Concerning India, price elasticities are low in the short-run and higher in the long-run. Thus, a
policy related to gasoline prices could be introduced in the long-run. However, the level of
elasticity is not very high. It would be interesting to develop other economic policies such as
improved standards or the promotion of public transport.
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