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By Thomas Sterner, Carol Dahl and Mikael Franzén*

INTRODUCTION

Global economic integration, as epitomised by the Common Market in Europe, is
generally assumed to increase efficiency and promote economic growth. It will
probably also generate an increased demand for transport services as shown by the
recent interest in upgrading the European transport infrastructure. An increasingly
mobile and integrated population will imply an increasingly strong European transport
sector. In the absence of policy, the flexibility and convenience of road transport
combined with increasing prosperity should continue to promote the switch away from
local mass transit and rail toward roads. Increased trade in the wake of further economic
specialisation will also require more transportation of goods. Since the bulk of transport
fuel is derived from petroleum, increased transport demand will increase fuel use and
with it emissions and dependence on oil imports.

With increased awareness of global environmental problems and recurrent oil
market instability, taxes on transport fuels are likely to be the focus of serious policy
discussion. Analysing the effects of such policies on fuel consumption and emissions
requires good estimates of the price sensitivity of transport fuel demand. We provide
such estimates for gasoline, the most popular and most highly taxed of transport fuels.

Global problems must be tackled with global policies in order to avoid the “free
rider” problem. The relative swiftness with which the Montreal Protocol on
chlorofluorocarbons (CFCs) was elaborated and signed may indicate that there is an
enhanced global awareness of the need for concerted action. European integration also
implies that environmental and energy policies, including tax issues, will have to be
coordinated across countries (see, for example, Angelier and Sterner (1990) for
petroleum product taxation; or Vincent and Stasinopoulos (1990) for recent aviation
policy of the European Community). Policy analysis of such tax changes must,
however, recognise the unique character of each country by separate treatment.
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Economics, Louisiana State University. The authors thank the Swedish Transport Research Board for
financial support.
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Gasoline demand has been widely studied and both the methodologies and results
have been extensively described elsewhere (see Dahl and Sterner (1991a, 1991b); or
Sterner (1990)). In this context we will, therefore, limit ourselves to a very brief
discussion of how to model gasoline demand. By estimating systematically several
different models on each of 21 OECD countries we are able to illustrate the effect that
various modelling approaches have on results and choose the best approach. This
favoured approach is then used to evaluate the effects of a coordinated change of
gasoline tax such as those discussed by the European Community. Since environmental
problems such as those related to CO, emissions are truly global and any future solutions
require global agreements we do not confine our analysis only to Europe but include
other OECD countries and notably North America, which is of course the key area in
the world as concerns carbon emissions.

MODELS OF TRANSPORT FUEL DEMAND

Demand for transport fuels is derived from the demand for transport itself and therefore
has two components of adjustment: vehicle utilisation and the composition of the
vehicle stock. Given that autos are a long-lived asset, demand adjustments necessarily
occur over a number of years. This adjustment process can be modelled in a number of
ways. In our survey (Dahl and Sterner (1991a)) we stratified results by the type of model
and data used, and calculated average elasticities for each category. We were thus able .
to identify the most promising approaches for further analysis. In subsequent work
Sterner (1990) estimated a large number of models for one consistent data set of the
OECD 1960-85. Table 1 summarises the average elasticities for the most relevant
models in this context.

The easiest model is the Simple Static Model where gasoline demand (G) is a
function of the real price of gasoline (P) and real income (Y). (All relevant variables are
per capita, deflated, and in logarithms.)

G =fStatic (P’Y) (1)
Since gasoline consumption takes a long time to adapt, this type of model will not
generally capture total adjustment. With our annual time-series data, this model gives
us a price elasticity below —0.3 (see Table 1) which, as we shall see later, corresponds
to little more than the short run (one year adjustment) values captured by the dynamic
models. With cross-sectional data for the OECD, however, we found an average
elasticity (for different years 1960-85) of —1.07. When it comes to income elasticity the
static model actually behaves differently since we do find a very high value (close to 1.4)
even for the time-series data.

Since demand is dependent on the stock of vehicles, another possible approach is to
include the number of vehicles (V) directly in the Simple Vehicle Model:

G =fVEH(P Y, V) (2)

Since the vehicle variable picks up part of the long run adjustment (this is the vehicle
elasticity of 0.4), we find that the income elasticity is reduced to a more intermediate
value while the price elasticity remains low.
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TABLE 1

Summary of Average Elasticities by Category

Model and Data Type Price Income Vehicle
Elasticity Elasticity Elasticity

SR IR LR SR IR LR

Static model TS data -0.28 1.37

Static model CS data -1.07 1.09

Dynamic models

Lag Endogenous (LE) -0.24 -0.79 0.41

Polynom Dist Lag (PDL) -0.20 -0.96 0.35 .

Inverted v-lag 1 (INV1) -0.25 -0.78 0.28 1.11

Inverted v-lag 2 (INV2) -0.21 -0.54 0.52 1.25

Vehicle models

Simple Vehicle'Model -0.32 0.55 0.43

Pooled estimators

OECD (1960-85) (LE) -0.18 -1.35 0.10 0.73

Source: Sterner (1990) and Table 2.

Average values for OECD 1960-85; except Sweden 1950-85.

TS = Time Series; CS = Cross Section; SR, IR, LR = Short, Intermediate, Long Run.
- For model types and categories see explanations in text.

Neither of these two models explicitly takes time into consideration. Since our main
interest here is in long run effects we turn to the dynamic models used to capture the
temporal aspect of the adaptation process. If income or price changes in a given year,
but some consumers react in a later year, then today's consumption is not only a function
of today's income and price structure but of earlier incomes and prices as well. There
have been various strategies for modelling this dynamic dependence. An early, but
widely used representation of dynamic behaviour, is the partial adjustment model. It
assumes that there is inertia in adaptation which leads to the inclusion of a lagged
gasoline demand variable (G,_)).

G=feP, Y, G, 1) €)
This formulation, referred to as the lagged endogenous model (LE), is easy to interpret
and not over-demanding in terms of data requirements. The average OECD results give
a short run (one year) price elasticity of ~0.25 and a long run elasticity of —0.8 while
income elasticities are numerically somewhat higher at 0.4 and 1.2. These figures
concur very well with those found in our earlier survey and show that only a minor part
of adaptation is of the short run “less-driving” type. More important are the adaptations
which occur through the stock of vehicles (both the number of vehicles per household
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and their average efficiency). Thus higher prices will in the long run stimulate the
development of smaller and more fuel-efficient cars, but may also deter people from
increasing car ownership and in fact influence patterns of urbanisation (location of work
in relation to domicile).

Although the implied lags from (3), through the Koyck transformation, form a
reasonable geometric series, there is the strong implication that price and income effects
have an identical lag structure. Relaxing this restriction leads to a more general model
with different lags on the dependent variables price and income. However, there is often
not enough data and too much collinearity between the lagged values to estimate a
totally general lag. Since collinearity results from an absence of information in the data,
information can be added by the modeller by choosing the lag structure. The above
geometric lag is an example. A more general formulation is to constrain the lags to lie
on a polynomial giving us the familiar polynomial distributed lag (PDL). (For our
purposes the lags i at time ¢ are constrained to be second degree polynomials with the
far end point zero; lag length was eight for price and four for income.)

G =fppr(Eot P ZB, Y ) @

The last two examples of lag structure are more restrictive than the PDL but less

restrictive than the LE model. These so-called “inverted-v lag” models allow for a

perception lag during which there is little adjustment. This is then followed by

increasing adaptation and then finally decreasing as in (3). There are a number of ways

this can be modelled. In the first (5.1), a lagged endogenous term is combined with a lag
on the exogenous variables. We call this the inverted-v lag model 1 (INV1):

G =fivyi GP i Y, G i=(0,1) 6.1
This formulation has the advantage that it can be easily tested against the geometric lag,
LE, model. Alternatively we could assume that the weights on the lagged P and Y in (4)
follow a Pascal lag to give the estimation equation (5.2) which we call INV2):

G=fnnP. Y, G, Gy) (5.2)
With a numerical constraint on the relationship between the parameters on the first and
second lag, we actually estimate a loglinear equation such as (5.2'):

G=a+PP+38Y +7G,_, - (n/2)%G, , (5.2)

MODEL SELECTION AND ESTIMATION RESULTS

As we can see in Table 1, all the dynamic models gave average OECD elasticities in
roughly the same range except the one with a Pascal lag (INV2) which had lower long
run price and higher short run income elasticities. We also note that long run price and
income elasticities can be estimated either by using pure cross-sections with a static
model or more interestingly by using a dynamic model such as the lagged endogenous
with pooled cross-section and time-series data. This approach gave us a very high price
elasticity of —1.35 but lower income elasticities.

Pooled time-series cross-sectional estimates are strongly recommended by Baltagi
and Griffin (1983) as a more efficient estimate of true long run elasticities. They are,
however, not appropriate in this context since we set out to use individual country
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TABLE 2

Estimates for the Lagged Endogenous Model*

Price Elasticities Income Elasticities
SR t-stat LR SR t-stat LR  Meanlagt R?

Canada -0.25 —4.48 -1.07 0.12 1.34 0.53 2.65 0.97
uUs -0.18 -6.59 -1.00 0.18 2.62 1.00 3.49 0.98
Austria -0.25 -2.30 -0.59 0.51 2.19 1.19 1.23 0.97
Belgium -0.36 -7.54 -0.71 0.63 3.24 1.25 0.97 0.99
Denmark -0.37 -5.97 -0.61 0.34 4.13 0.71 0.74 0.97
Finland -0.34 -2.34 -1.10 0.39 1.65 1.26 1.87 0.97
France -0.36 —4.60 -0.70 0.64 2.83 1.23 0.94 0.99
Germany -0.05 -0.68 -0.56 0.04 0.25 0.48 8.31 0.99
Greece -0.23 -2.15 -1.12 0.41 2.19 2.03 3.11 0.99
Ireland -0.21 —4.88 -1.62 0.12 0.88 0.93 498 0.99
Italy -0.37 -2.90 -1.16 0.40 2.41 1.25 1.80 0.97
Netherlands -0.57 -5.01 -2.29 0.14 1.09 0.57 2.41 0.98
Norway -0.43 -3.22 -0.90 0.63 3.13 1.32 1.06 0.97
Portugal -0.13 -1.96 -0.67 0.37 2.05 1.93 3.29 0.98
Spain -0.14 -0.82 -0.30 0.96 2.12 2.08 1.12 0.97
Sweden -0.30 -3.24 -0.37 0.51 1.69 0.99 * 0.99
Switzerland 0.05 0.32 0.09 0.85 2.92 1.54 0.87 0.98
UK -0.11 -1.66 -0.45 0.36 1.81 1.47 2.41 0.98
Australia -0.05 -2.57 -0.18 0.18 2.44 0.71 2.41 0.99
Japan -0.15 —4.37 -0.76 0.15 11.86 0.77 3.11 0.90
Turkey -0.31 -5.31 -0.61 0.65 4.01 1.29 1.00 0.95
Mean -0.24 -0.79 0.41 1.17 2.27

Estimated using OLS except for Denmark, Finland and Portugal where the Durbin-h rejected the null
hypothesis of no serial correlation. These countries were estimated using GLS. In these cases an
instrument variable was used to deal with correlation between the lagged dependent variable and the error
term. Japan estimated with the lagged endogenous coefficient to be 0.8.

* For Sweden the Inverted v-lag 1 model was used.
t Mean lag = the time (in years) required for 50 per cent adjustment.

elasticities in order to analyse each country separately. They do, however, lend support
to the notion that long run price elasticities are high and our estimates may, in this
respect, be considered cautious.

Based on this brief survey of the literature, we conclude that the vehicle model with
its short run character is completely unsuitable for our present purpose and we will not
present any further results using this model (see, however, Sterner (1990)).

We are thus left with the static and dynamic time-series models. The ideal method
of choosing the models and proper lag structure would be to test models statistically
against each other. Unfortunately this was not always possible since not all of them are
nested. The static model is, however, nested in the lagged endogenous model, and when
tested we find that the static is rejected in favour of the lagged endogenous. It will
therefore not be reported.
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TABLE 3

Individual Country Elasticities: Summary of Long Run Elasticities

Price Elasticity Income Elasticity

PDL LAGEND INV2 PDL LAGEND INV2

Canada -2.0 -1.1 -0.9 0.6 0.5 0.6
USA -1.2 -1.0 -0.6 1.2 1.0 0.8
- Austria -1.2 -0.6 -0.7 0.9 1.2 1.2
Belgium -1.5 -0.7 -0.6 1.0 1.3 1.3
Denmark -0.8 -0.6 -0.6 0.3 0.7 0.6
Finland -1.2 -1.1 -0.9 1.2 1.3 1.4
France -0.4 -0.7 -0.6 0.9 1.2 1.1
Germany 0.1 —0.6 0.3 1.6 0.5 1.9
Greece 0.2 -1.1 -0.6 1.8 2.0 1.9
Ireland -1.0 -1.6 -0.8 1.3 0.9 1.3
Italy -0.7 -1.2 -0.9 0.9 1.3 1.2
Netherlands -3.2 -2.3 -1.5 0.4 0.6 0.8
Norway -2.5 -0.9 -0.8 1.3 1.3 1.3
Portugal -0.7 -0.7 -0.1 1.1 1.9 2.2
Spain -1.2 -0.3 -0.1 1.4 2.1 2.4
Sweden -0.1 -0.5 -0.4 1.2 1.2 1.3
Switzerland 0.2 0.1 0.1 1.8 1.5 1.6
UK -14 -0.5 -0.4 1.6 1.5 1.6
Australia -0.2 -0.2 -0.1 1.2 0.7 0.8
Japan -0.3 -0.8 -0.8 0.8 0.8 0.8
Turkey -1.1 -0.6 -0.5 1.1 1.3 1.2
Mean -1.0 -0.8 -0.6 1.1 1.2 1.3

The LE model is further nested in the INV1 model. Tests of the INV1 model against
the LE model most often led to its rejection by F-tests. In a few cases the INV1 is
favoured by the statistical tests but the lagged endogenous model is still preferred since
the INV1 gives counter-intuitive or impossible parameter values. For example, in
Norway and Turkey the short run income elasticity of the INV1 is negative. The only
country where the INV1 model is superior according to the statistical tests and also the
estimates economically acceptable is Sweden. We have therefore selected this model
for Sweden but prefer the LE for the rest. The individual estimates are shown in Table
2.

When comparing the LE (geometric lag) with the other inverted-v lag model, INV2,
we could not perform nested tests but felt that if this type of lag structure was rejected
in the INV1 model then there was perhaps not such a strong case for the INV2 model
either. This feeling was further underlined by the rather erratic and low estimates found
overall.
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Similarly we could not formally reject the PDL model by nested testing but we found
that its results were too sensitive to changes in the definition of the polynomial to be
credible. As can be seen in Table 3 the values are again rather erratic (with three positive
long run price elasticities!) but this time the overall average price elasticity is signifi-
cantly higher than for the LE model. Non-nested testing between the LE and PDL
models is possible in principle. However, poor model performance of the PDL caused
us to reject this model without further testing.

Thus, after examining the patterns and models within individual countries we
decided to base our projections on the Lagged Endogenous (except for Sweden for
which the INV1 is used). Since the estimates of the LE are intermediate between the
other two considered, the PDL and INV2, the latter can be used as a test of sensitivity
for our results in the following section.

POLICY ANALYSIS OF A GASOLINE TAX

Domestic gasoline prices and taxes currently vary considerably between the OECD
countries (see first two columns of Table 4; or Angelier and Sterner (1990)). We find
that price differences are largely determined by tax differences. In order to assess the
effects of changed tax policies, we have therefore calculated hypothetical domestic
gasoline prices for each country by applying different tax rates to the respective pre-tax
prices.

As mentioned in the introduction there are two reasons to expect future changes in
these individual country taxes: firstly because gasoline tax increase is a likely environ-
mental policy for reducing fuel consumption, and such policies must be global if they
are to make any sense; secondly because the financial harmonisation that follows
economic integration requires a general coordination of all taxes. Thus harmonisation
of fuel taxation is currently quite topical within the EC.

With different elasticities, these tax and price changes will have widely varying
effects across countries. The scenarios in Table 4 are forecasts of gasoline demand with
(1) no tax change or (2) harmonised maximum (Italian), (3) minimum (Turkish) or
finally (4) average OECD taxes and prices. All the forecasts to 2000 assume the
population and income growth rates forecast in IEA (1988). Where no forecasts existed,
population was forecast to increase by the same average rate as the last 10 years and
income was forecast to grow at a rate for a similar group of countries. (For Finland
income was assumed to grow as for the rest of Scandinavia and for France it was
assumed to grow as in the EC.)

Note that we are not, in this paper, taking any supply elasticities into account. If the
supply is elastic, part of the tax increase will be passed on to producers, world market
prices will fall and the effects of our tax proposals on consumption will be dampened.
For illustrative purposes we are, however, assuming here that such tax policies will be
adopted as to give us a certain target price level (hence if there is a supply-side response
then government will compensate for it).

In Table 4 we also calculate the changes in gasoline consumption by major region.
With no tax or gasoline price change, gasoline consumption in these OECD countries,
which account for around 70 per cent of world consumption, grows by 47 per cent from
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TABLE 4

Effect of an OECD Tax Harmonisation

Gasoline Consumption in 1000 Metric Tons

1987 2000 2000 2000 2000

Pgas Tax Income Pop. No tax Min Ave. Max
$ilitre  $llitre  growth growth change tax tax tax
89:1 89:1 %lyear %lyear

Belgium 0.68 0.45 2.9 0.08 2780 4396 8339 4581 3237
Denmark 0.93 0.70 2.9 0.04 1531 1996 4188 2503 1858
France 0.79 0.61 2.6 0.43 18984 28253 70030 38796 27549
Germany 0.64 0.43 24 022 24904 28450 47946 29892 22730
Greece 0.50 0.32 2.8 0.38 1988 3916 10026 3897 2253
Ireland 0.86 0.61 3.0 -0.11 874 1248 6874 1752 793
Italy 1.00 0.78 2.6 0.01 12290 18645 87397 32843 18623
Netherlands  0.88 0.61 3.0 0.55 3075 3947 38905 5635 1839
Portugal 0.79 0.54 4.2 0.51 1040 2746 5252 2984 2151
Spain 0.64 0.41 3.0 0.54 6849 14122 18176 14111 12185
UK 0.67 0.44 2.2 0.19 21946 32879 49006 33524 26901
Austria 0.73 0.43 1.9 0.00 2500 3345 5076 3086 2312
Finland 0.79 0.42 23 0.40 1768 2532 4771 1886 1101
Norway 0.82 0.55 2.1 0.18 1822 2583 5958 2788 1795
Sweden 0.73 0.45 2.4 0.09 4009 5441 7250 5306 4428
Turkey 0.42 0.07 6.9 1.84 2502 7151 7151 4274 3172
Canada 0.40 0.17 23 0.80 24442 30014 44643 18100 10725
Us 0.25 0.08 3.1 0.72 307130 456757 559751 240753 147627
Australia 0.43 0.22 2.9 1.22 11728 15984 17597 15118 13844
Japan 0.88 0.42 3.7 0.54 28053 41013 58459 30787 21230

Total 480215 705418 1056795 492616 326353

EC 96261 140598 346139 170518 120119

Other Europe 12601 21052 30206 17340 12808

North America 331572 486771 604394 258853 158352

Japan and Australia 39781 56997 76056 45905 35074

Index Numbers

Total 100 147 220 103 68
EC 100 146 360 177 125
Other Europe 100 167 240 138 102
North America 100 147 182 78 48
Japan and Australia 100 143 191 115 88
Total PDL model 100 155 250 98 64
Total INV2 model 100 143 191 117 89

Sources and definitions:
Pgas = domestic gasoline price
Data from Sterner (1990) and IEA (1988)
Calculations based on the LE model, see Table 2 (except bottom two rows which are intended as
an indication of sensitivity)
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FIGURE 1
Total OECD Carbon Emissions from Gasoline Consumption 1987-2000

(assuming an average of 0.81 tons carbon per ton of gasoline)

Key: l:l 1987 % 2000 42000 ave tax V//A 2000 max tax

1987 to 2000. (Switzerland is omitted because of its positive price elasticity. Transit
traffic and bordering countries' gasoline prices apparently play an important role for
Switzerland, making it hard to estimate actual price sensitivity.)

The slowest growing region is the EC with low income and population growth. The
region with the highest growth is “other European” because of the inclusion of Turkey
with its high population and income growth forecasts. (The EC growth only includes
West German consumption. One might expect rather more rapid income growth with
reunification and of course rapid gasoline consumption increases in East Germany as
per capita incomes increase rapidly there.)

In Figure 1 these consumption figures have been translated into carbon emissions.
We can see the large amount of gasoline consumption in low-tax North Americarelative
to the rest of the OECD: the base case suggests that in 2000 North America would be
responsible for over 2/3 of the gasoline carbon emissions.

If all countries raised their taxes to the maximum (Italian) level to curtail these
emissions, consumption and emission could fall by 32 per cent from 1987. This would,
however, largely be the result of the decline of more than 50 per cent in North America
while gasoline consumption in the EC would actually increase by 25 per cent compared
to 1987.

117



May 1992 JOURNAL OF TRANSPORT ECONOMICS AND POLICY

Lowering all taxes to the minimum OECD (Turkish) level would result in gasoline
consumption more than doubling over the 1987 value. Here, however, the main change
would come from the EC with its high tax rates where consumption would more than
treble.

Compared to the baseline scenario (with no tax changes) for 2000 the overall
reduction with maximum tax levels would be 54 per cent. For the EC this tax increase
would not be so big on average and consumption would only decrease by 15 per cent
while for North America the tax and price increase would be enormous and would result
in a 67 per cent decrease. The sensitivity of our conclusions to the choice of model can
be illustrated by using the INV2 and PDL models (see Table 4). Instead of a 54 per cent
reduction the results would be —38 per cent with the INV2 and —59 per cent with the PDL.

CONCLUSIONS

Proper evaluation of transport fuel policy requires good estimates of demand elastici-
ties. We estimate and test a variety of models on data for OECD countries to provide
policy makers with such estimates for gasoline. We find systematic differences between
model types and conclude that the lagged endogenous model performs best. Although
there is some evidence that lag structure might be different across income and price, not
enough data were available to get usable results on more general functional forms in this
analysis.

The lagged endogenous estimates of long run gasoline elasticity average approxi-
mately —0.8 for price and 1.2 for income. The high income elasticity suggests that we
can expect gasoline consumption to continue growing, while the significant price
elasticities in most countries suggest that tax policies to reduce consumption could be
successful. The fact that the absolute value of the income elasticity is higher than that
for price indicates that gasoline prices must rise faster than the rate of income growth
if gasoline consumption is to be stabilised at present levels.

Under our assumed income and populatlon growth rates with no tax changes, we ﬁnd
OECD gasoline consumption and carbon emissions would increase by 47 per cent from
1987 t0 2000. Raising all countries' taxes to the highest OECD level would instead have
a dramatic effect of reducing them by 32 per cent. This reduction is dominated by the
large reduction in North America, while European consumption would still increase but
at a slower pace.

European integration is quite likely, per se, to lead to considerable increases in
transport. This makes it particularly important to couple integration with a responsible
environmental policy including much heavier taxation on transport fuels. At the same
time we should also bear in mind that, from the viewpoint of global warming, the most
important issue is to include the whole OECD, and in particular the North American
region.

Date of receipt of final typescript: October 1991
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