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Abstract

Our empirical analysis for ten countries for the years 1965-2007 makes three important con-
tributions to the existing literature on estimation of oil demand functions: By for the first time
including data on direct taxes on oil refinery products and on taxes on their complementary
goods and services, we find that the argument of a pigouvian tax can generally be supported
over our sample of ten countries. Second, the influence, however, of direct taxes on oil refinery
products differs substantially between countries: While in Portugal, Poland, Greece and Japan
the effectiveness of the policy measures cannot be unambiguously shown, we find them to be
highly significant and effective in central and northern European countries, like Germany, Aus-
tria, United Kingdom and Ireland and Finland. Third, we observe - as could be expected - that
the taxes on complements of oil refinery products are less effective in reducing the oil demand
and even contradict the desired effect in one case. Beyond a qualitative evaluation of the policy
measures we are able to quantify the short-run and the long-run effects. Moreover we are able
to show that the effectiveness of this type of eco-taxation has generally improved recently.
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1 Introduction

The ongoing public debate about the most efficient and applicable policy interventions to reduce
the speed of global warming deserves empirical examination in order to evaluate the effectiveness
of the discussed policy instruments. From a practical point of view many scientists will argue
that all polluting nations have to reduce their demand for oil and other carbon resources in order
to emit less of the climate-damaging carbon dioxide gas. This seems to be reasonable as in fact
only few countries in the world are suppliers of carbon resources, so that the set of policy options
for most countries is limited to demand side interventions. The internationally most popular
and perhaps politically most feasible policy instruments can be summarised under the idea of
pigouvian taxation, i.e. the taxation of the consumption of fossil fuels and their complements.
Following the pigouvian argument environmental taxes do not have a fiscal motivation but are
primarily used to correct for market failures, e.g. negative externalities. These may arise from
individual overconsumption of carbon resources as the climate can be regarded as a global public
good with initially a price of zero. Therefore, most countries in the world impose a price by
setting taxes. This paper explicitly aims at examining the effects of taxes which are aiming at
a reduction of the consumption of oil.

In addition to the intention of reducing the traded quantity of oil, there are, however, also
reasons why taxation of oil demand (and a shift in the demand curve) might be welfare enhancing
from the perspective of oil consuming countries. Bergstrom (1982) has argued that a sales tax
on oil would shift rents from producers to consumers if the supply of oil was too a large degree
inelastic. Then the incidence of such a tax would fall entirely on the suppliers while tax revenues
would be generated in the consumer countries. As we do not consider the supply side in this
paper, this conclusion remains perfectly valid if we assume the oil supply to be inelastic. In
contrast if it was elastic and the demand would react to a tax on oil, then the traded quantity
of oil would certainly change as well while the net price would not fall for the full amount of the
tax. In any case, the effect and the interpretation of a tax on the demand remains the same.
Another argument that is to test is that oil is taxed highly because of its demand being inelastic.
In this case optimal taxation theory would suggest to tax inelastic goods higher than elastic ones
in order to the welfare losses. Thus if revenue generation is the main effect of oil-taxation we
should not observe significant negative effects on the demand.

Our data set on taxes related to oil consumption includes direct measures such as taxes on
gasoline but also indirect measures such as car insurance. By estimating oil demand functions
for a set of ten countries for a data set spanning the years 1965-2007, we not only identify
the effect of environmental taxes on oil demand but also correct for weaknesses in previously
assumed models: A typical drawback of former investigations regarding the relationship between
oil prices and demand is the usage of pre-tax prices, i.e. crude oil prices, when estimating the
price elasticity of oil demand. Ignoring the influence of taxes on the end-price previous work
on this topic might have obtained biased estimates for the price elasticities. Cooper (2003)
estimates, using data on crude oil prices, short-run and long-run price elasticities of demand for
23 countries and concludes that demand for oil is highly insensitive to changes in the oil price.
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A similar result was also obtained by Ibrahim and Hurst (1990).
In addition to confirming the results by Cooper (2003) and Ibrahim and Hurst (1990) that

price elasticities of oil demand are low, we provide empirical evidence that presumably envi-
ronmental taxes ceteris paribus actually reduce the demand for oil. In Section 2 we explain
our data set and further plans of extending it. Afterwards we derive from a simple model the
demand function we estimate. In Section 4 we present our results. We find that a pigouvian tax
actually reduces demand for refinery products within our sample of ten countries wile, as would
be expected, taxes on complements of oil refinery products are less effective in attenuating the
oil demands. We conclude in Section 5.

2 Data

In our empirical analysis of the demand for oil, we use data for the time period 1965-2007.
All our variables are yearly observations. In addition to the usually taken variables, real GDP
per capita and real oil price, we employ data on environmental taxes in order to show their
effect on oil demand. This data is the result of a large-scale project, in which we firstly have
combined two data sets of the OECD on tax revenues of major OECD countries. After having
filtered out those taxes that are explicitly taxing the goods which have crude oil as a primary
production factor, we began to verify this data and to develop our database further by asking
national tax authorities. Some of them have provided us with additional data for their country.
Moreover, since for oil consumption not only the direct taxes on oil goods matter, but also taxes
on complementary goods and services, we have extended our data set to cover these tax revenues
as well.So far, we have obtained data on the tax revenues from oil-related taxes for a set of ten
countries. 4We employ this data to calculate implicit tax rates for the consumption of oil. An
implicit tax rate is computed by dividing the total tax revenue by the tax base, here the amount
of consumed oil. Since we have two sources of tax revenue, from taxes on oil refinery products
and from taxes on goods and services which are complementary to these products, we derive
the implicit tax rates for both (first called “real direct taxes”, latter called “real indirect taxes”).
In the following we briefly explain the implicit tax rate paths and the tax revenue drivers in the
countries in our sample. The implicit tax rates are presented in national currency (in order to
provide a picture free of exchange rate volatility) and per ton of oil consumed.

In Figure 1 we plot the calculated average implicit tax rate of our sample against time and
thus show the overall tax rate development within our data set of ten countries. On average
the tax revenues per ton of consumed oil are on a rising scale. Thus, although proposals to
implement carbon / energy taxes on EU level during the 1990’s have been avoided by industrial
lobbying, national governments independently decided to impose them.

Moreover, a closer look at the data on country level reveals that the majority of the considered
countries in fact constantly increase the implicit taxation of oil. To motivate the observed

4We are working on obtaining data for further countries in order to extend our sample. In the final state the
data on the carbon related taxes are supposed to cover all OECD countries and those emerging countries that
have a significant influence on climate change.
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Figure 1: Tax rate development: all countries in the sample

tax patterns across countries, some recent national tax policy changes directly and indirectly
affecting the consumption of oil are worth mentioning.

A precursor regarding the introduction of carbon taxes is Finland. Already in 1990 they
implemented a tax of 90 US-Dollar per ton of emitted carbon. Shortly after Austria set up a
Strategic Plan to Reduce Transport’s CO2 Emissions in 1991. Targeting a decrease in emissions
of 20 percent until 2005 compared to 1988 levels the plan intended to shift traffic to more energy
efficient and environmentally friendly transportation thus likely reducing oil demand. Previously
Austria introduced a road charge for highways in 1985 thereby indirectly lessening demand.

Figure 2: Tax rate development: Finland and Austria

The British government imposed a fuel duty escalator in 1993 which basically introduced a
fuel tax. Several tax increases between 1993 and 1999 thereby rose British fuel prices from one of
the lowest to one of the highest levels within the EU with taxes representing more than 75 percent
of the actual fuel price. However, due to emerging protests the government abandoned the fuel
escalator in 2000 as can be seen in the graph. Since 2007 the government again commenced to
gradually increase fuel taxes. The neighbouring Irish government presented its Green Paper on
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Sustainable Energy suggesting a carbon tax in line with an emission trading system in 1999.
Currently a carbon tax of 15 Euro is charged per ton carbon emission.

Figure 3: Tax rate development: United Kingdom and Republic of Ireland

The German government contemporaneously presented its Eco-Tax Reform in 2003 essen-
tially attempting to reduce fossil fuel consumption. The reform had a three-stage design with
further tax increases scheduled for 2000 and 2004 and a constant tax level thereafter. In addi-
tion, a National Climate Change Protection Program had been enforced in 2000 which among
other measures included an additional levy on air traffic. These objectives are currently further
pursued via the Integrated Climate Change and Energy Program 2007 which aims to reduce
greenhouse emissions by 40 percent until 2020 compared to the 1990 level. In order to fulfill its
Kyoto targets Switzerland implemented a carbon tax per ton in 2008 and the government agreed
to gradually increase carbon taxes according to a three-step plan when it becomes foreseeable
that emission reductions are not sufficient to reach the emission targets.

Figure 4: Tax rate development: Germany and Switzerland

Japan realised an Energy Tax Reform on Fossil Fuels in 2003 including a revision of the tax on
fossil which, however, remained unchanged. Moreover, the government induced a preferential
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taxation for fuel-efficient cars in order to encourage the development of hybrid and electric
cars. Similarly Poland recently set up a Long-term Program for Promotion of Biofuels or
Other Renewable Fuels in 2008. The primary reason for promoting biofuels is to become more
independent from oil imports which indirectly attenuates oil demand. According to the above
measures to lower carbon emissions, the arising question is whether these interventions have
been successful in directly and indirectly reducing oil demand.

Figure 5: Tax rate development: Japan and Poland

3 Empirical Strategy

Oil is used as production factor within an economy. The typical assumptions about the pro-
duction technology being Cobb-Douglas or CES will result in isoelastic demand curves. Log-
linearisation of this demand curve allows the coefficients to be directly interpreted as elasticities.
The estimated tax elasticities quantify the percentage change of oil demand for a given one per-
cent increase in the implicit tax rate.5 We assume small economies that do not influence the
oil price with their oil demand. Following Cooper’s (2003) estimation of price elasticities of
oil demand we employ an adaption of Nerlove’s (1958) partial adjustment model. Contrary to
Cooper we use growth rates for the estimation. Further discussion of the approach can be e.g.
found in Kennan (1979), Shapiro (1986) or in Blundell’s (1988) survey paper. Following the
theoretical considerations we define the demand function to be:

qt = eβ · yγt · pπt · θ
τD

D,t · θ
τI

I,t · q
δ
t−1

With eβ0 being a constant, q the per capita oil demand, y the real GDP per capita in national
currency, p the real crude oil price in national currency and θ is one plus the implicit value
added tax rate. θ can be split up in θD, the direct implicit tax rate on oil refinery products, and

5For small tax rates a one percent tax rate increase can approximately be interpreted as an increase by one
percent.
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in θI , the implicit tax rate on oil complements, e.g. an engine displacement based vehicle tax.
The estimation equation is specified as first differences of the log-linearized demand functions

ln
(

qt
qt−1

)
= β − β + γ · ln

(
yt
yt−1

)
+ π · ln

(
pt
pt−1

)

+τD · ln
(

θD,t
θD,t−1

)
+ τI · ln

(
θI,t
θI,t−1

)
+ δ · ln

(
qt−1

qt−2

)
+ εt

which is more intuitive to read if you assume that the logs are an approximation of the growth
rates x̂t ≈ ln (xt/xt−1)

q̂t = γ · ŷt + π · p̂t + τD · θ̂D,t + τI · θ̂I,t + δ · q̂t + εt

The main focus of this analysis will be the effect of the tax rate on the oil demand. Explicitly,
as we can observe above, τD and τI can still be directly interpreted as the tax-rate elasticity of
oil demand. This follows directly from the elasticities for the assumed demand function:

εSq,θD
=

∂qt
∂θD,t

· θD,t
qt

= τD and εsq,θI
=

∂qt
∂θI,t

· θI,t
qt

= τI

Given the partial adjustment structure of the demand the long-run elasticities can be calculated
by using the estimates for the short-run elasticities:

εLq,θD
=
εSq,θD

1 − δ
=

τD
1 − δ

and εLq,θI
=

εSq,θI

1 − δ
=

τI
1 − δ

A simple proof for that useful relation can be found in the appendix of Cooper (2003).

4 Results

In a first step we have divided the time horizon into four sub-units, 1965-1974, 1975-1986,
1987-1998 and 1999-2007, and pool the independent cross sections across time. The underlying
idea of having four time periods is to see how the effectiveness of the environmental policy
measures evolves over time. In Table 2 (Appendix) we present our estimation results. The left
specifications gives the results for a scenario in which we do not distinguish between direct taxes
on oil refinery products and taxes on goods and services which are complementary to these
goods. However, to control for differences of direct taxes and taxes on complements we estimate
a second specification shown in the middle of Table 2. The coefficient giving us the elasticity

7



of the direct-tax elasticity of demand becomes significant after 1987 and increases in size after
1999. In the right specification in Table 2 we additionally include country and year fixed effects.
By using country fixed effects we capture all the unobserved heterogeneity between the countries
in our cross sections so that we can correctly identify the effects of direct taxes on oil goods and
of taxing their complements. Furthermore we employ year fixed effects since we want exclude
the possible influence of occurrences such as the oil crises on oil demand patterns.

In our preferred specification (Table 2, right) we find for the direct-tax elasticity of demand
significantly negative coefficients for all four time periods which is line with the theory of pigou-
vian taxation: A tax increase on oil goods reduces the demand for oil. The elasticity is quite
small from 1975-1986 which is not very surprising as after the first oil crisis (1973-74) and dur-
ing the second oil crisis (1981-82) - and clearly also in the years before and after - other factors
may played a larger role than taxes. However, since 1987 the elasticity becomes stronger, i.e.
a change in direct taxes on oil goods affects oil demand to a large degree. We obtain similar
results for the taxes on complements of oil goods. After having no influence during the turbulent
years from 1975-1986, now higher taxes on complements significantly reduce the demand for oil.
Thus we conclude that over the whole sample oil-taxes do not only generate fiscal revenues but
also do have a beneficial environmental effect and that second environmental taxes have become
more effective over time.

In step two we want to focus on differences regarding the impact of tax policies between the
countries in our sample. Consequently we estimate tax elasticities for each country and present
the results in the Tables 3 and 4 (Appendix). In Table 3 we observe that generally the direct-tax
elasticities of demand are as expected, typically negative, but differ in size quite substantially
between the countries. In Portugal, Poland, Greece and Japan the effect of higher direct taxes
has the desired direction but is not significant. In contrast, we find very strong effects in
Germany, Austria, United Kingdom and Ireland. Still significantly negative but slightly smaller
effects we detect in Switzerland and Finland. Hence, for six countries in our sample we can
show that pigouvian taxation works. We will be able to provide more evidence on this issue
after having included data for additional countries into our sample. In a further specification
(Table 4) we control explicitly for the oil crises, the first Iraq War and other major events in
recent history. Our findings remain the same.

Taking a brief look at the tax-elasticities of demand for complements of oil goods we see
that they generally have a smaller influence and are less significant some countries. Austria
is an exception as in both specifications higher taxes on the complements of refinery products
reduce the demand for oil. For example this could mean that the introduction of the toll for
using Austrian highways could have significantly influenced Austria’s demand for oil. Further
country-specific analyses could give more insights in the success or failures of policy measures
aiming at a reduction of the demand for oil.

Using the above specification of the long-run elasticities, we can exemplary derive the long-
run elasticities from the results presented in Table 3. These are shown in Table 1.
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Table 1: Short-run and long-run elasticities

country oil tax elasticity oil-complements tax elasticity
short-run long-run short-run long-run

UK -0.528 -0.439 0.019 0.016
Switzerland -0.480 -0.487 -0.382 -0.387

Ireland -0.565 -0.671 -0.108 -0.128
Portugal -0.110 -0.113 -0.301 -0.309
Poland -0.120 -0.104 -0.136 -0.118
Japan -0.193 -0.290 -0.200 -0.300
Greece -0.030 -0.033 -0.050 -0.055

Germany -0.636 -0.676 0.151 0.160
Finland -0.340 -0.402 -0.200 -0.237
Austria -0.631 -0.946 -0.120 -0.181

5 Conclusion

Our empirical analysis for ten countries for the years 1965-2007 makes three important contri-
butions to the existing literature on estimation of oil demand functions: By for the first time
including data on direct taxes on oil refinery products and on taxes on their complementary
goods and services, we find that the argument of a pigouvian tax can generally be supported
over our sample of ten countries. Second, the influence, however, of direct taxes on oil refinery
products differs substantially between countries: While in Portugal, Poland, Greece and Japan
the effectiveness of the policy measures cannot be unambiguously shown, we find them to be
highly significant and effective in central and northern European countries, like Germany, Aus-
tria, United Kingdom and Ireland and Finland. Third, we observe - as could be expected - that
the taxes on complements of oil refinery products are less effective in reducing the oil demand
and even contradict the desired effect in one case. Beyond a qualitative evaluation of the policy
measures we are able to quantify the short-run and the long-run effects. Moreover we are able
to show that the effectiveness of this type of eco-taxation has generally improved recently.

Further work will have to focus on extending the sample by including tax data for additional
countries. Also policy comparisons within single countries could be provided in order to ex-post
evaluate the effectiveness of measures and ex-ante derive policy recommendation. The latter
would particularly be important as almost all countries need to reduce their demand for oil in
order to meet carbon dioxide emission targets specified by the Kyoto protocol.
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Appendix

Table 2: Tax elasticities of oil demand over time
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Table 3: Tax elasticities of oil demand by country
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Table 4: Tax elasticities of oil demand by country including dummies
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