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The significant increase in passenger transport activity (cars) experienced by Spain and its associated

increase in energy consumption have several associated negative aspects, including a greater

dependence on foreign energy sources and higher GHG emissions. Therefore, reducing the level of

transport activity would bring important socioeconomic and environmental benefits. The aim of this

paper, which focuses on energy consumption in the passenger transport, is fourfold: (1) to provide a

diagnostic of energy consumption in the Spanish passenger transport system and the related problems;

(2) to develop a model to calculate price and income elasticities of demand for transport fuel; (3) to

apply this model to the Spanish passenger transport sector; (4) to infer policy recommendations

derived from the results of the diagnostic and the model. It is claimed that, in view of those low price

elasticities and high income elasticities and if a reduction in the scale of transport activity is deemed

socially desirable, a combination of instruments is necessary. Fuel taxes play an important role within

this combination. Apart from their long-term effects, the low price elasticity of demand for transport

fuel would allow the collection of a significant amount of revenues, which could eventually be

earmarked to encourage reductions in private transport demand and modal shifts with other

instruments.

& 2010 Elsevier Ltd. All rights reserved.
1. Introduction

Passenger transport activity has its pros and cons. While
mobility is a crucial feature of our modern societies and lifestyles
and transport is highly relevant for economic development and
individual and collective welfare, it can also be blamed for its
contribution to some problems, including emissions of global and
local pollutants, traffic congestion, material costs and fatalities
due to accidents and foreign energy dependence.1

The level and trends of fuel consumption in passenger
transport plus the reliance on fossil fuel energy sources for
energy consumption in this sector is allegedly a major concern
nowadays in many countries, especially for their contribution to
the problems of security of supply and CO2 emissions.
ll rights reserved.
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Although there are alternatives to oil, such as biofuels, they
still represent a negligible fraction of total fuel consumption in
this sector and they are likely to remain a small share in the near
and medium term (IEA, 2008).2 Thus, reducing oil consumption is
inescapable in order to reduce the associated energy dependence
and climate change problems.

Therefore, a reduction of fuel consumption in the transport
sector is likely to be a policy priority for governments all over the
world. This is also the case of Spain, a country which is far from
complying with its Kyoto Protocol targets and whose oil
dependency in the transport sector is as high as 99%.

Several policies have been suggested to encourage the
technological and behavioural changes leading to a reduction in
fuel consumption in transport. Economists have highlighted the
role of economic instruments, namely fuel taxes, on the grounds
of economic efficiency. However, their effectiveness might be
limited, especially in the short term, if the price elasticity of
2 Biofuels represented only around 1.5% of total road transport fuel demand

worldwide in 2006 and this share is expected to rise up to 5% in a reference

scenario, according to IEA (2008). A target of 10% of biofuels in fuel consumption in

transport has been set for 2020 in Europe.
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demand is low and the income elasticity of demand for transport
fuel is high, which is generally the case. Therefore, although
necessary, the price signal may be insufficient by itself to induce
significant changes in passenger transport demand. This calls for a
combination of instruments in order to reduce the ‘‘scale effect’’ of
transport (i.e., the level of transport activity). Our starting point is
that an analysis of elasticities is crucial to propose an appropriate
combination of policy measures. We focus on passenger transport
and its activity and on fuel consumption and not only GHG
emissions reductions as it is frequently the case. This is so
because, from the perspective of Spain, a major oil importer,
reducing energy dependency is a policy goal at least as important
as curbing the growth of GHG emissions. This is also the case in
most European countries.

However, our analysis does not allow us to state whether
reductions in transport activity or technological changes are
preferable from a social perspective in order to reduce the
negative externalities from private transport. In addition, if fuel
taxes are deemed an appropriate instrument, we cannot tell what
its level should be. The policy question this paper tries to answer
is a different one: if reduction in transport activity levels is
deemed socially desirable, what measures should be implemen-
ted, taking into account the aforementioned elasticities, and what
should be the role of fuel taxes?

More specifically, the aim of this paper is fourfold: (1) to
provide a diagnostic of energy consumption in the Spanish
passenger transport system and the related problems; (2) to
develop a model taking an Almost Ideal Demand System (AIDS)
specification as a basis to calculate price and income elasticities of
demand for transport fuel; (3) to apply this model to Spain,
through the Continuous Family Budget Survey database; (4) to
infer policy recommendations derived from the results of the
diagnostic and the model.

Accordingly, the paper is structured as follows. Section 2
provides a brief description of the situation and trends of energy
consumption in the Spanish passenger transport sector and
discusses the driving factors of energy consumption in this sector.
In Section 3 we develop an econometric model which allows us to
identify the price and income elasticities of demand for transport
fuel. This model is applied to Spain in Section 4. We then identify
the policy implications of those results (Section 5). The paper
closes with some concluding remarks.
3 Per type of vehicle, private vehicles account for 53% of road transport CO2

emissions, whereas the share of heavy vehicles (trucks and buses) and light

vehicles is 33% and 13%, respectively. Per driving pattern, half of road transport

emissions take place in high-speed roads (preferably interurban trips), whereas

urban trips account for 36% of those emissions (Spanish Government, 2009).
4 A useful approach in this context is the Kaya decomposition, which has been

applied in the past to analyse the drivers to CO2 emissions at the aggregated level

(i.e., a whole economy) or in the transport sector (see Tarancón and Del Rı́o, 2007)

(see, for example, Schmutzler, 2005; Holden and Høyer, 2005). Since CO2

emissions and reductions in energy consumption go in tandem, this is a useful

starting point (only ‘‘the carbon intensity of fuel factor’’ is not relevant regarding

energy consumption but only concerning CO2 emissions reductions).
2. Diagnosing the illness. Fuel consumption in the Spanish
passenger transport sector: situation, trends, drivers and
associated problems.

Spain provides a good example of the policy challenge
associated to fuel demand reductions in the passenger transport
sector, in a context of strong growth of this demand. This section
provides an overview of the Spanish passenger transport sector
with respect to energy consumption patterns and trends, includ-
ing their drivers and the associated problems in terms of GHG
emissions and energy dependence of the Spanish economy. The
EU is used as the yardstick to which the Spanish case is compared
to. Official data sources from the European Environmental Agency,
Eurostat and the Spanish Ministries of the Environment and
Promotion are used.

2.1. Trends and situation of fuel consumption in the Spanish

transport sector.

The Spanish transport sector has experienced a significant
increase in final energy consumption compared to the EU-27 (82%
over the 1990–2005 period versus 32% in the EU). In turn, the
share of transport in total final energy consumption is relatively
high (41% versus 31% for the EU on average in 2006). Only 3 (very
small) countries show a larger share of transport in final
consumption (Luxembourg, Malta and Cyprus) (EC, 2009).

Road transport accounted for 79.7% of the 40,650 ktoe
consumed in 2006 by the transport sector (versus 82% in the EU),
followed by air (13.7%), sea (4.1%) and rail (2.7%). Annual average
growth rates of energy consumption of different transport modes
over the period 1990–2005 were: road (3.9%), air (5.3%), sea
(�0.5%) and rail (5.4%) (Spanish Government, 2009).
2.2. Why are these trends problematic in terms of energy dependency

and CO2 emissions?

As a result of the increasing consumption of energy in the
transport sector and its dependence on oil, this fuel has
experienced a substantial increase in its share in final energy
consumption (1990¼100, 2005¼175). Transport accounted for
45% of total oil consumption in 2005 versus 39% in 1990
(Mendiluce, 2008). Passenger transport accounts for 15% of total
final energy consumption in Spain (Sauret, 2008).

Oil import dependency in Spain is high above the EU (100%
versus 83%) (European Commission, 2009). Oil imports amounted
to 78 million tonnes of oil equivalent (MTOE) in 2005, almost two
thirds of total energy imports. This is particularly worrying in a
context of increasing oil prices.

On the other hand, total GHG emissions in Spain had increased
by 50.6% in 2006 with respect to 1990 levels, making it difficult to
reach its Kyoto Protocol target (a 15% increase between 2008–
2012 and 1990). This is partly explained by the substantial
increase in GHG emissions in the transport sector (89% in 2006
with respect to 1990), which are projected to rise by 93% in 2010
(EEA, 2008). This is in sharp contrast with the EU-27 increase of
27% and expected rise by 29%. Whereas transport accounted for
25.4% of total GHG emissions in Spain in 2006, this percentage
was significantly lower in the EU-27 (19.3%). Road transport
accounts for 89.2% of total GHG emissions in transport. The rest is
accounted for aviation (6.6%), sea (3.9%) and rail (0.3%).3
2.3. What factors are behind the trends and situation of fuel

consumption in the Spanish transport sector?

This subsection provides a diagnostic on the main factors
influencing energy consumption and CO2 emissions in the
passenger transport sector in Spain. The focus is mostly on road
transport since it is relatively energy intensive, the main mode of
passenger transport and the one, together with aviation, with the
highest growth rates (see below).
2.3.1. Drivers of energy consumption in passenger transport.

Any policy aiming to control energy consumption in the
transport sector should consider the following drivers4:
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Table 1
Land passenger transport activity (thousand million pass n km).

Passenger cars Bus and coach Railway Tram and metro Total

EU-27 1995 3863 504 351 71 4789

2007 4688 539 395 85 5707

% variation 21.36 6.94 12.54 19.72 19.2

Spain 1995 250.3 39.6 16.6 4.2 310.7

2007 343.3 59.1 21.8 6.4 430.6

% variation 37.16 49.24 31.33 52.38 38.6

Source: European Commission (2009).
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The scale factor refers to the overall level of passenger
transport activity (i.e., adding all modes) and depends on
several variables: car ownership and car mileage, which in
turn depends on the number of trips, the distance of each trip
and the occupancy levels of the vehicles travelling. The use of
vehicles depends on the income of individuals. In addition,
structural and geographical factors affect the demand for
transport services and, thus, the scale of transport activity. For
example, more densely populated cities reduce the need for
transport (fewer trips and shorter distances), which highlights
the role of urban planning leading to more compact cities.

�
 The modal factor can be disaggregated into a modal share

subfactor (% share of each mode) and a modal energy intensity
subfactor (energy/passenger of each mode). Some passenger
transport modes have higher associated energy consumption
levels (private cars) than others (rail).

�
 A fuel efficiency factor (technological), related to specific

technologies within transport modes. Within a specific trans-
port mode, different types of vehicles can have different levels
of fuel consumption per kilometre depending on the energy
efficiency of the engine, the horsepower and the vehicle
weight or size. The distinction between new and existing
vehicles is also relevant in this regard.

�
 A fuel efficiency factor (behavioural). Driving patterns and

other decisions of drivers influence the energy consumption of
vehicles. Less aggressive driving patterns at moderate speeds
and appropriate vehicle maintenance of the vehicle are
associated with lower energy consumption levels.5

In addition to technological and behavioural changes, changes
in infrastructures might be needed to tackle those factors.

We are particularly interested in the scale factor, since it is
very relevant to explain the trends in energy consumption in the
Spanish passenger transport.

2.3.2. The scale factor

Passenger transport has grown in Spain at an average annual
rate of 5.3% between 1990 and 2000 and 2.1% between 2000 and
2007 (Spanish Government, 2009).6 The journeys/distances have
almost doubled between 1990 and 2006, from 192.078 to 371.140
million (passenger/km). It is also high above the trends observed
for the EU-27 (Table 1). Indeed, Spain is responsible for 12% of the
absolute increase in transport activity levels related to the use of
cars in the EU-27 between 1995 and 2007. Passenger cars account
for more than 3/4 of the increase in overall transport activity in the
5 Maintaining an appropriate tyre pressure, avoiding excessive accelerations

keeping car speeds within moderate limits could improve the fuel economy of

s between 5% and 20% (Gallagher et al., 2007).
6 In contrast to the EU-27, the growth rate of passenger transport in Spain

% accumulated between 1990 and 2004) is higher than in the freight transport

%). The figures for the EU are, respectively, 27% for passenger transport

ssenger/km) and 41% for freight transport (tonnes/km)(Monzón, 2007).
period which brings us to the modal factor in Section 2.3.3.
Interurban trips represent 50% of all trips (passenger/km),
whereas urban and rural trips account for 30% and 20%,
respectively (Spanish Government, 2009).

The increase in passenger transport is high above the increase
in freight transport, whereas the opposite occurs in the EU, which
is an additional reason for paying attention to the passenger
transport sector.

Not only a significant increase in the number of private
(passenger) vehicles has occurred (from 15 million in 1990 to 27
million in 2005), but the use of the car has also increased (i.e.,
more and longer trips). In 1990 each car travelled about 4000 km/
inhabitant. This figure was near 7000 in 2005 (Monzón, 2007). In
2000 each vehicle performed 13,650 km/yr, jumping to
16,600 km/yr in 2007 (Nombela et al., 2008).
2.3.3. The modal factor

Road represents 90% of overall passenger transport in Spain in
2007, whereas the shares of rail and aviation are 5% each (Spanish
Government, 2009). The share of road has remained constant, that
of rail has declined and the share of aviation has increased.

The share of passenger cars in land passenger transport, while
high, is lower than in the EU-27 (79.7% versus 82.1%), whereas the
share of rail is also lower (5.1% versus 6.9%). The number of
passenger cars per thousand inhabitants has significantly
increased since 1990 and it is currently similar to the EU-27
average. In 1990, this figure was 309 for Spain and 348 for the
EU-27. In 2006, the numbers were, 464 for Spain and 466 for the
EU as a result of a 50% increase in Spain over the period and a 35%
increase in the EU, respectively.

According to the last available data, the share of modes in
public investments in 2007 was: rail (50.8%), road (26.8%), air
(14.7%) and sea (7.7%) (Spanish Government, 2009).
2.3.4. The technology factor

There are significant differences with respect to the energy
consumption of different types of modes and vehicles, with
passenger cars showing higher energy consumption levels. Whereas
the energy consumption (kg of oil equivalent/passenger/km) of
private passenger cars in Spain is between 0.03 and 0.04 in the
interurban mode and between 0.05 and 0.06 in the urban mode, the
energy consumption of 4�4 vehicles is much greater (between 0.04
and 0.05 in the interurban mode and between 0.07 and 0.08 in the
urban mode) and that of trains and buses is much lower (between
0.01 and 0.02 in the interurban mode and between 0.01 and 0.03 in
the urban mode) (Monzón, 2007).

The energy intensity of different passenger transport modes
has improved, but it still differs widely, with rail being the most
energy-efficient and aviation the least (Table 2).

Therefore, a comparison of this data with the data in Section
2.3.2 shows that the improvement in the average fuel efficiency of
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Table 2
Energy intensity per passenger transport mode.

Energy intensity (MJ/passenger-km) % variation

1990 2005

Road 2.34 1.98 �16

Rail 0.45 0.37 �19

Airplane 13.81 9.24 �33

Source: Own elaboration from Monzón (2007).

Table 3
Diesel and petrol retail prices in Spain and the EU (2007).

Petroln Automotive dieseln

EU-27 1.126 1.030

Spain 0.950 0.891

Source: EC (2009).

n h/l (current prices). Diesel automotive prices and unleaded petrol (95 RON)

prices, all taxes included.

Table 4
Evolution of retail diesel and gasoline prices and consumption.

D. Romero-Jordán et al. / Energy Policy 38 (2010) 3898–3909 3901
passenger road transport vehicles has been offset by an increase
in the scale of transport activity.
Pricesn Consumptionnn

Diesel Gasoline Diesel Gasoline

2001 0.725 0.788 27.8 9

2002 0.654 0.746 28.7 8.7

2003 0.687 0.790 31.1 8.6

2004 0.644 0.740 33.1 8.2

2005 0.715 0.747 34.4 7.7

2006 0.795 0.856 35.3 7.4

2007 0.742 0.791 36.5 7.05

% variation 2001–2007 2.314 0.367 31.2 �21.6

Source: Own elaboration from INE’s website and European Commission (2009).

n h2001/l. Diesel automotive prices and unleaded petrol (95 RON) prices, all

taxes included.
nn MTOE.

Table 5
Main characteristics of transport taxes in Spain.

Tax Main characteristics

(1) Registration

tax

Tax rates are set according to CO2 emissions per km of the

vehicles (o120 gCO2/km: exempted, between 121 and

160 gCO2/km: 4.75%, between 161 and 200 gCO2/km:

9.75%, 4200 gCO2/km: 14.75%). The sum collected goes to

regional governments.

2) Circulation

tax

Annual tax on vehicle ownership collected by the

municipalities, who may increase/reduce the amounts to

be paid according to environmental criteria. The absolute

amount to be paid depends on the type of vehicles

(automobiles, buses and trucks) and their horsepower.

3) Fuel taxes Fuel tax (central administration):

� Different fuels are taxed differently (unleaded gasoline:

371.69 h/1000 l; diesel: 278 h/1000 l).

� The sum collected is shared between the central

government (56.75%), regions (40%) and the local

administrations (3.25%).

Tax on retail sales of certain fuels (IVMDH). The regional

tax rate can be set by regions within certain limits. The

sum collected goes to regional governments.

Source: Own elaboration from Mendiluce (2008). Note: In addition, transport is

subject to the value added tax and infrastructure charges.
2.3.5. Drivers of the scale factor.

The scale effect is influenced by several factors, including
population and economic (income) growth, the urban model,
price and transport policies.

Population has increased by 14.4% between 2007 and 1990 in
Spain, high above the EU average increase (4.8%). This is mostly
due to the significant increase in the number of incoming
immigrants, who now represent 10% of the Spanish population.

The use of transport tends to be closely related to GDP growth
rates.7 These have been about 1.5% points higher in Spain than
in the EU in the 1997–2007 period. However, although increasing,
the expenditure on transport by Spanish households is still
below the EU average. Spanish households spend 11.8% of their
total final consumption on transport (1500 h), whereas this figure
is 13.6% for the EU-27 (1800 h) (European Commission, 2009).

On the other hand, relevant national legislation and official
documents regarding reduction in energy consumption and CO2

emissions in the transport sector in Spain include the Spanish
Energy Efficiency Strategy (2004–2012) and their corresponding
Action Plans, the Strategic Plan for Transport Infrastructures 2005–
2020 (PEIT), the Renewable Energy Plan and the recently approved
Mobility Strategy. The measures envisaged (implemented and/or
planned) include information provision and training (ecodriving),
public investments in public transport and financial support
(subsidies) for the purchase of more efficient vehicles (RENOVE,
PREVER and PLAN 2000E).

An increase in fuel taxes is not explicitly considered and the
single economic instrument envisaged is higher registration taxes
for the most polluting vehicles. Indeed, the relatively low fuel
taxes in Spain result in lower fuel prices on petrol and diesel for
passenger cars compared to the EU average (Table 3). Spain’s
diesel and petrol prices are below the prices in 18 Member Status.

Fuel retail prices have significantly increased since 2001,
especially for diesel (Table 4). Nevertheless, diesel prices are still
below petrol prices, due to the different tax treatment (the fuel
tax for petrol is currently 0.432 h/l, whereas that for diesel is
0.307 h/l). A significant increase in diesel and a substantial
reduction in gasoline demand can be observed.

Taxes represent a significant share in those fuel prices,
although they are lower than in other EU countries, as observed
by a lower final fuel price (Table 3). Table 5 summarises the main
taxes affecting the private transport sector in Spain. Arguably,
their purpose has been mostly to collect money and not to
encourage energy efficiency in this sector. We return to this issue
in Section 5.2.
7 As people get richer, they travel more (make more trips and travel greater

distances). In addition, an increase in income leads to a shift to more energy- and

carbon-intensive modes of transport (changes from train to cars and from smaller

to bigger cars) (Stern, 2006).
3. The model

3.1. Links to the existing literature

There is a long tradition in the analysis of price and income
elasticities for fuel demand and several overviews of the literature
on this topic are available (see Graham and Glaister, 2002;
Goodwin et al., 2004; Goodwin, 1992; Oum et al., 1992; Sterner
et al., 1992; Espey, 1998). Price elasticities of fuel demand
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Table 6
Elasticities of fuel consumption with respect to fuel price and income.

Average elasticity with respect to fuel price Average elasticity with respect to income

Period Short Long Static Short Long Static

Pre-1974 �0.29 �0.45 �0.56 0.52 1.28 0.63

1974–81 �0.35 �0.93 �0.36 0.37 1.08 0.43

Post-1981 �0.16 �0.43 �0.28 0.38 1.04 0.14

Source: Goodwin et al (2004).

D. Romero-Jordán et al. / Energy Policy 38 (2010) 3898–39093902
indicate the percentage reduction in fuel demand as a result of a
percentage increase in fuel prices. Income elasticities refer to the
percentage increase in fuel demand due to a percentage increase
in income.

The conclusions are broadly similar. They show that short-
term price elasticities of demand are relatively low whereas
long-term price elasticities are higher (Table 6) and probably also
higher for the higher-income households.8 Whereas short-run
price elasticities normally range between �0.2 and �0.3, long-
run price elasticities typically tend to fall in the �0.6 to �0.8
range.9 A recent meta-analysis of the price elasticity of gasoline
demand results in mean short-run and long-run price elasticities
of �0.36 and �0.81, respectively (Brons et al., 2007). In turn,
income elasticities are relatively high. Therefore, fuel demand is
relatively insensitive to price changes and, thus, higher income
levels significantly increase transport demand, mainly covered
with private transport (IPCC, 2007a).10

The price elasticities for fuel consumption are higher than the
elasticities for vehicle-km (Goodwin et al., 2004). Two reasons
may explain this: (1) price increases trigger a more efficient use of
fuel; (2) with high prices, gas-guzzlers are more likely to be left at
home or scrapped (op.cit.). Thus, raising fuel prices will therefore
be more effective in reducing the quantity of fuel used than in
reducing traffic volumes.

Several major policy implications deriving from those analysis
are: (1) the higher absolute value of the income elasticity
compared to price elasticity suggests that fuel prices must rise
faster than income if fuel consumption is to be kept constant
(Sterner et al., 1992); (2) fuel price manipulation is more effective
when the objective is to decrease fuel consumption rather than
road congestion (Goodwin, 1992); (3) fuel taxes alone might not
be very effective in reducing the external costs of road transport;
(4) the design of long-run policy instruments should take the
higher long-run price elasticities into account (Brons et al., 2007).

On the other hand, the studies on the aforementioned
elasticities are scarce in Spain, in contrast to the abundance of
those studies in other developed countries. This paper tries to
cover this gap in the literature.

An interesting study in the Spanish context is Labandeira and
López (2002). Their calculations of (short term) price and income
elasticities for fuel demand are, respectively, �0.08 and 0.99. The
authors claim that the relatively low price elasticity of fuel
8 This was found out in the study by Hughes et al. (2006). Van Dender (2009)

argues that the share of discretionary driving is likely higher for higher-income

households, and it is easier to cut back on such driving than on ‘‘mandatory’’

travel.
9 Notwithstanding, the estimates depend on the method used, particularly on

whether the analysis is performed with static or dynamic models and on how the

model has been specified. In addition, estimates vary greatly both between and

within geographical areas of study for long- and short-run elasticities.
10 However, the role of prices should be ascertained in this context. In fact,

those countries with relatively low fuel prices are also those with lower fuel

efficiency levels (USA, Canada, Australia) whereas regions with high prices are also

those with greater fuel efficiencies (Japan and European countries).
demand in Spain is due to the low fuel prices in Spain,11 but it
could also be related to the different structure of models. Our
results are in line with the range of estimates in other countries.

3.2. Theoretical background: the AIDS model

The analysis of fuel demand from a micro perspective has
intensified in the last two decades. The growing interest of
economists for this approach can be explained by the fact that
microdata allow us to capture the heterogeneity of households’
fuel consumption decisions and the impact of key variables
(including habits, place of residence, the socioeconomic status
and household size) on such decisions. One of the procedures
commonly used to analyse the demand for any good or service by
households is the Almost Ideal Demand System (AIDS) model
proposed by Deaton and Muellbauer (1980a, 1980b), which
expresses the expenditure share of good i, wi, as a function of
the prices of the goods comprising the household consumption
basket, pi, and real disposable income. Formally,

wiht ¼ aihtþ
X

j

gij logpjtþbi logðXht=PtÞ ð1Þ

where the subindex i, h and t represent, respectively, the type of
good, the household and time. Also a, b and g are the parameters
of the model to be estimated. Similarly, X is the total expenditure
of households and P is a quadratic price index defined as

logP¼ a0þ
X

k

ak logpkþ
1

2

X

j

X

k

gkj logpk logpj: ð2Þ

As an alternative to this quadratic specification, Deaton and
Muellbauer (1980a) suggest a linear approximation (LA/LAIDS),
where the price index P is replaced by the index proposed by
Stone (1954)12

logP� ¼
Xn

k ¼ 1

wkt logpkt : ð3Þ

Substituting (3) in Eq. (1), we obtain the LAIDS

wiht ¼ aihtþ
X

j

gij logpjhtþbi logðXht=P�t Þ ð4Þ

i¼1,2, y, n

The AIDS model may be specified as a complete demand
system (see, for example, Brännlund and Nordström, 2004;
Jabarin, 2005; Romero-Jordán and Sanz-Sanz, 2009) or as a
uniequational model (see, for example, Filippini, 1995; Halvorsen
and Larsen, 2001 and Hondroyiannis, 2004). The LA/LAIDS option
11 While Goodwin et al. (2004) do not find evidence that price elasticity is

related to price level, Hanly et al. (2002) do find some evidence that price

elasticities are related to price level.
12 For a critique, see Moschini and Mielke (1989), Pashardes (1993) and Buse

(1994). For a discussion on the limitations, advantages and drawbacks of the AIDS

model, see Deaton and Muellbauer (1980a, 1980b), Green and Alston (1990) and

Alston et al. (1994).
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is chosen for this paper because it allows for a better model
specification and estimation. However, the main disadvantage of
uniequational models is that they do not allow us to analyse
possible complementarity or substitutability between the various
goods comprising the household consumption basket (for a
discussion see, for example, Deaton and Muellbauer, 1980a,
1980b).

Expression (4) is defined as a demand system composed of two
equations, one for fuel expenditure and another for the remaining
goods. However, the second equation is not estimated (in order to
avoid the singularity of the error variance–covariance matrix),
and a uniequational model is the result. The homogeneity
restriction is achieved automatically, as fuel price is expressed
in relative terms with respect to the average weighted price of the
remaining goods. Thus, we consider different assumptions of
separability: between the decision to consume fuel and purchase
vehicles, between the labour-leisure choice and the consumption
choice and between the consumption of fuel and the remaining
goods (for a discussion, see Baker et al., 1989).

The calculation of the price, xi, and income elasticities, Zi, is
performed on the basis of the following expressions (see Baker
et al., 1990; Haden, 1990; Abdulai and Aubert, 2004,
among others)13:

xi ¼
gi

wi
�1 ð5Þ

Zi ¼
bi

wi
þ1: ð6Þ

3.3. Econometric specification

The consumption patterns of economic agents are determined
by their characteristics, both observable and unobservable (see
Deaton, 1997; Deaton, 1997; Calvet and Common, 2000; Chris-
tensen, 2002). Following the procedure proposed by Pollack and
Wales (1981), observable heterogeneity is captured through a
vector of dummy variables, which reflect the socioeconomic
characteristics of households. Thus, the constant term of the
LAIDS model would be modified as follows:

aiht ¼ a�ihtþ
Xs

k ¼ 1

rikhtdkht ð7Þ

where an and r are the parameters to be estimated and d are the
socioeconomic variables. The dummy variables used in this study
are the following: household income level, size of the muni-
cipality of residence, ownership of primary and secondary
residence, educational level and occupational category of the
principal breadwinner and, lastly, the size, composition and
principal source of household income. Similarly, a set of season-
able variables (one dummy variable per quarter) has been
incorporated into the model, as well as a discrete variable, which
reflects the annual tendency.

The error term is disaggregated in two components
eiht¼yih+uiht, where yih represents the specific individual effect
of each household and uit is the idiosyncratic error. Parameter yih

captures unobservable heterogeneity such as consumer tastes or
preferences (for a discussion, see Deaton, 1985). Consequently,
equation (4) would become

wiht ¼ aihtþ
X

j

gij logpjhtþbi logðXht=P�t Þþeiht ð8Þ
13 For a discussion of such expressions, see Green and Alston (1990, 1991),

Alston et al. (1994) and Buse (1994).
It is well-known that the fixed character of the individual
effect, yih, leads to the inconsistency in the parameters estimated
when using Ordinary Least Squares (OLS) (Wooldridge, 2002;
Baltagi, 2005). To verify the existence of fixed effects, the
Hausman (1978) and Breusch and Pagan (1980) tests have been
used. In case fixed effects exist, we use the within-groups
estimator (for a discussion, see Deaton, 1989, 1997).

Static models implicitly accept the highly unrealistic assump-
tion of intertemporal separability of preferences. In other words,
the consumer does not make an immediate and complete
adjustment to changes in prices and income (see Deaton and
Muellbauer, 1980a, 1980b; Madlener, 1996; Dynan, 2000, for
example). To avoid this problem, we use two alternative
procedures which explicitly incorporate household demand
habits for fuel (see Anderson and Blundell, 1983; Rickertsen,
1998), firstly, by using a lagged total expenditure on fuel in the
demand equation (see Chen and Veeman, 1991; Blanciforti
and Green, 1983; Blanciforti et al., 1986). That is to say, ai is
specified as

aiht ¼ aih0þ
Xs

k ¼ 1

rikhtdkhtþa�i qihðt�1Þ ð9Þ

where qih(t�1) is the lag of consumption of good i by household h.
The second alternative procedure uses a vector of lagged

expenditure shares, wi. Essentially, this is an extension of the
aforementioned procedure proposed by Pollack and Wales (see
Alessie and Kapteyn, 1991; Rickertsen, 1998). Formally

aiht ¼ aih0þ
Xs

k ¼ 1

rikhtdkhtþ
Xn

j ¼ 1

dijwjhðt�1Þ ð10Þ

In the case of dynamic specification where habit is incorpo-
rated via a lag of the relative expenditure on fuel. Therefore, we
have used, as an alternative, the Generalised Method of Moments
(GMM) proposed by Arellano and Bond (1991).

Different procedures to correct for the common problems of
infrequency of purchase or non-observable heterogeneity have
been used in the estimation of the model. Therefore, a range of
different values for those elasticities is provided.

From an econometric point of view, infrequency of purchase
implies a measurement error in the dependent variable and in
total expenditure (see Heien and Wessells, 1990). For this reason,
the estimation by OLS leads to inconsistent estimations of the
parameters of the model. In order to circumvent this problem we
use two alternative procedures. Firstly, following Keen (1986), we
correct the measurement error for the totality of households, by
using instrumental variables in a three-stage least squares
estimation procedure (see Baker et al., 1990; Nichele and Robin,
1995; Romero and Sanz, 2003). Secondly, we correct the
measurement error by reducing the gap between the expenditure
observed and the latent consumption for households which
display positive expenditure on fuel (see Meghir and Robin,
1992). This is done by deflating the observed expenditure by the
probability of purchase. Thus

xih ¼
x�ih
Pih
þvih if ni40 ð11Þ

xih ¼ 0 if ni ¼ 0

where xih is the observed expenditure, x�ih the latent consumption,
ni the number of observations with positive expenditure and pih

the probability of purchase. The demand system to be estimated
would be

wk
iht ¼

x�kiht

X�kht

¼ aihtþ
X

j

gijht logpk
jtþbi logðX�kht =Pk

t Þþe
k
iht ð12Þ
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Table 7
Average share of fuel expenditures in household budgets 1998–2001 (%).
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where k denotes the subsample for which wk
iht 40 and ek

iht is the
error term.14
Sample Total
sample
(a)

Positive
subsample (b)

Area of residence
Provincial capital municipality 1.89 7.63

Non-capital municipality41,000,000 inhabitants 2.18 7.88

50,000 inhabitantsonon-capital

municipalityo100,000 inhabitants

2.30 8.46

20,000 inhabitantsoNon-capital

municipalityo50,000 inhabitants

2.31 8.73

10,000 inhabitantsomunicipalityo20,000

inhabitants

2.29 8.68

Municipalityo10,000 inhabitants 2.31 9.76

Number of household members
1 0.60 12.09

2 1.59 8.23

3 2.45 8.42

4 2.63 8.28

5 2.84 8.35

6 3.02 8.65

3.16 9.02
4. The empirical study

4.1. Data

We use the Continuous Family Budget Survey database (ECPF,
in its Spanish initials), which provides quarterly data on
automotive fuel consumption by families (INE, various years).
ECPF provides household socioeconomic information, such as
expenditure on the consumption of goods and services, place
of residence, employment status, size of the family and economic
status of the principal breadwinner. The estimation period
runs from the first quarter of 1998 to the fourth quarter of
2001. For this period, a rotating panel is available (e.g., house-
holds collaborate for eight consecutive quarters), which
includes interviews with approximately 3200 households in each
quarter.
7

8 3.60 9.50

Expenditure decilesn

1 0.03 9.71

2 0.10 9.17

3 0.29 8.93

4 0.61 8.64

5 1.03 8.48

6 1.87 8.26

7 2.94 8.26

8 4.07 8.11

9 5.07 7.76

10 5.32 7.04

Economic situation of the household
4.2. Descriptive statistics

Table 7 summarises the share of fuel expenditure in total
household expenditures in the aforementioned period, according
to household location, expenditure deciles, number of household
members, economic situation of the household, occupational
category and educational level of the principal breadwinner. The
table distinguishes between the totality of households (total
sample) and those owning a car (positive subsample). The
information allows us to infer the following conclusions:
Principal breadwinner and partner employed, other

household member employed

3.44 9.38

Only principal breadwinner and partner employed 2.64 8.50
I.

Principal breadwinner or partner employed, other 3.04 8.76

posi

qua

Lópe
As expected, the relative expenditure on fuel in rural areas is
higher than in urban zones.
household member employed
II.

Principal breadwinner or partner employed, no

other household member employed

2.34 8.53

Neither principal breadwinner nor partner

employed, at least two other household members

employed

3.02 8.69

Neither principal breadwinner nor partner

employed, other household member employed

2.47 8.03

No household member employed 1.10 7.86
In the total sample there is a positive monotonic relation
between household size and the share of fuel expenditure in
total household expenditures. Such a relation does not exist in
the positive subsample (i.e., individuals in the sample who
own a car). In fact, households of two to six members owning
a car consume, in relative terms, less fuel than single-person
households.
III.

Occupational category of principal breadwinner
Employer 2.36 7.98

Employee 2.20 8.38
The weight of fuel in the household consumption basket
increases with the level of expenditure in the total sample,
whereas it decreases in the positive subsample.
IV.

Educational level of principal breadwinner
Primary and secondary 2.18 8.55

University degree 2.28 7.93
The expenditure on fuels is quite relevant for all households.
Even half of those not owning a car spend more than 1% of
their budget on fuel.
V.

n In ascending order with respect to the share of fuel expenditures in total

expenditures.
Those owning a car spend considerably more on fuels. Thus,
if provided with a cheaper alternative, which offsets
the advantages in terms of comfort of the private car,
those households might be willing to shift their transport
mode.
VI.
 In relative terms (i.e., compared to their total expenditure),
households whose family head is an employer or has a
university degree spend less on fuel than those in which
the head is an employee or has only primary or secondary
education. However, the former spend more in absolute
terms. The differences are, on average, statistically signi-
ficant.
14 The probability of purchase, Pih, is defined as the quotient of the number of

tive expenditures undertaken by the household multiplied by the number of

rters in which it has collaborated in the survey in annual terms (Labeaga and

z, 1997).
4.3. Econometric estimates: main results
The following two tables show the results of the long-run price
and income elasticities of demand in Spain, estimated according
to the methods developed in Section 3 and using the aforemen-
tioned data (Tables 8 and 9).

The results are within the ranges of the studies found in the
literature, although income elasticities are closer to the upper
bound and price elasticities are lower than those ranges (i.e.,
greater absolute value) (see Romero-Jordán and Sanz-Sanz, 2009).
Estimates vary according to the correction method used to deal
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Table 9
Expenditure elasticities.

Model (estimator) Correction method for
infrequency of purchase

Keen Meghir–Robin

1. Dynamic with lag of total expenditure on

fuel (within-group)

1.3564n 1.05,754n

2. Dynamic with lagged budget shares

(within-group)

1.36,104n 1.05,784n

3. Dynamic with lagged budget shares (GMM) 1.45,814n 0.92,394n

n Significant at 1% confidence level.

Table 10
Classification and description of instruments to reduce energy consumption in the

transport sector.

Regulatory instruments

User restrictions They limit the access of the private vehicle to city

centres

Speed limits Substantial improvements in fuel consumption

can be achieved with speeds around 100 km/h

compared to higher speeds.

Vehicle maintenance
requirements

Requiring vehicles to periodically pass an

inspection (within ordinary technical inspection

programmes) may facilitate the maintenance of

optimal fuel consumption levels.

High-occupancy
requirements

An entry lane reserved to vehicles with more than

one occupant encourages car-sharing.

Standards They set binding targets for vehicle

manufacturers either in the form of fuel or CO2

standards

Economic instruments

Price-based (fiscal)
instruments

Fuel taxes, registration taxes, circulation taxes

and charges for infrastructure use (including tolls

and parking fees).

Subsidies Direct financial support, soft credits, fiscal

exemptions and tax deductions for the purchase

of cleaner and more energy-efficient vehicles.

Information instruments

Information/awareness
raising campaigns

They can be general (on the socioeconomic and

environmental problems resulting from using the

private cars) and, or more specific (showing more

sustainable mobility patterns).

Ecodriving campaigns Aim: to train drivers in more fuel-efficient

practices when driving (reducing cycles of

deceleration and acceleration, keeping engine

revolutions low, maintaining proper tyre

pressure (IEA, 2001)).

Education Fuel saving attitude encouraged in the

conventional pre-university school curricula, as

an additional subject. Longer-term impact.

Table 8
Marshallian own-price elasticities

Model (estimator) Correction method for
infrequency of purchase

Keen Meghir–Robin

1. Dynamic with lag of total expenditure on

fuel (within-group)

�0.4748n
�0.6449n

2. Dynamic with lagged budget shares

(within-group)

�0.4561n
�0.6405n

3. Dynamic with lagged budget shares (GMM) �0.3295n
�0.7571

n Significant at 1% confidence level.
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with the infrequency of purchase, with lower elasticities for the
Meghir–Robin method.

The lower price elasticities imply a greater responsiveness of
fuel consumption to fuel price changes than those generally found
in the literature, and suggests that fuel taxes can play a significant
role to reduce fuel consumption. However, the high income
elasticities also suggest that (in line with Sterner et al. (1992)
recommendation, see Section 4.1) those price increases will need
to be significantly higher than increases in income in order to
achieve such result.
Other instruments

Voluntary agreements They involve an agreement between regulators

and regulated whereby the later commit to

achieve a previously agreed fuel-economy target.

Land-use and transport
planning

Urban mobility should be planned in an

integrated manner to facilitate the use of the non-

motorised modes of mobility and public

transport.

Public provision Purchase of vehicles for the public

administrations, according to environmental

criteria.

RD&D investments Funding of technologies at different maturity

levels.

Promotion of public
transport

Improving the quality and availability of public

transport makes it more appealing for potential

users.

Source: Own elaboration based on del Rio and Hernández (2008).
5. Policy implications

5.1. Addressing the transport activity factor. What role for fuel taxes?

Although significant reductions in fuel consumption have been
achieved per kilometre in Spain (see Section 2.3.4), they have
been offset by transport growth (see Section 2.3.2) and increased
vehicle weight and horsepower (Tarancón and Del Rı́o, 2007). It is
routinely assumed that considerable further efforts to reduce
transport energy consumption are justified (Van Dender, 2009).
However, the decision to tackle the aforementioned externalities
related to energy consumption in transport with measures
predominantly targeted at the scale factor or at technological
changes would require a deeper analysis on the costs of both
types of measures (technology-oriented or activity-related) as
well as a valuation of the resulting avoided negative external-
ities.15 This is beyond the scope of this paper.
Nevertheless, since it is likely that a combination of both types
15 This is also related to the extent of effort that should be required from the

transport sector. For example, there is widespread evidence that reducing CO2

emissions in transport is more expensive than in other sectors (see IPCC, 2007b;

Proost, 2008; Abrell, 2007). In addition, in the study of Proost (2008) nearly all

abatement in transport is realized through the adoption of alternative technol-

ogies, not through a reduction in transport activity of passenger car transport,

which entails a loss of consumer surplus (Van Dender, 2009).
of measures will be required, this section briefly discusses the role
of fuel taxes in tackling the transport activity factor, taking into
account the results of the elasticities in Section 4.

In general, policy instruments to reduce energy consumption
in transport can be grouped into four categories (Table 10)16.
16 Different classifications of instruments have been proposed. See, for

example, Bristow et al. (2004), Gallagher et al. (2007) and IPCC (2007a). The

literature on GHG mitigation instruments in this sector is more abundant than that

specifically related to reduction of energy consumption. Although there is a great

overlap between both types of instruments, a few measures to reduce GHG
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Within a specific instrument category, multiple possibilities exist,
depending on the specific design elements.17

Within all those measures, economists tend to favour
economic instruments and particularly those providing a price
signal, i.e., fuel taxes, although the non-economic instruments
(regulatory, information and ‘‘other’’ measures) also have a role
to play to tackle the scale factor and/or to induce modal shifts
(Table 10). Theoretically, fuel taxes are an appropriate instrument
to internalise the externalities related to energy use in the fuel
prices faced by transport users. An increase in fuel excise
duties will influence consumers to buy more efficient vehicles,
promote a fuel-efficient driving style, encourage transport users
to shift to more fuel-efficient transport modes and limit transport
growth rates (Markowska et al., 2009). Fuel taxes encourage
behavioural as well as technological changes,18 mitigate the
rebound effect19 and have relatively low administrative costs.
Fuel taxes also raise revenue, which can be used to stimulate
more energy-efficient forms of transport or for other social
objectives, including the reduction in pre-existing distortionary
taxes, within a broad ecological tax reform.

However, as shown in Section 4, the influence of the fuel tax on
the behaviour of individual users depends on the price elasticity
of fuel demand. A low elasticity means that fuel taxes have to be
substantial to significantly reduce fuel demand, but the social
acceptability and, thus, the political feasibility of high tax rates
are generally low. In fact, strong public opposition has made this
option politically unacceptable in the US and elsewhere (see
Greene et al., 2005).

Nevertheless, in spite of this low price reactivity, fuel taxes are
still deemed necessary (albeit not sufficient) in any strategy to
reduce energy consumption in transport because
(1)
(foot

emis

mea
1

this
1

they

stan

tech

relat

to a
1

Alth

polic

of de

prici

wou
As prices do not reflect the full social cost of transport,
demand has been artificially high (EC, 2001). The price
signal certainly encourages behavioural changes in the
medium/longer term, i.e., higher gasoline taxes still provide
an incentive to increase fuel economy and reduce vehicle
travel.
(2)
 Even if taxes are not effective to reduce energy consumption
in the short term, a significant amount of revenues would be
collected from the fuel taxes to finance other instruments,
which encourage reductions in private transport demand and
modal shifts (either by investing in public transport, financing
information campaigns, including ecodriving and/or the
administrative costs of implementing regulations limiting
the use of private cars) or be redistributed to assist low-
income groups, highly affected by the fuel tax. This would
make fuel taxes doubly effective in different time frames: in
the short term (through the existence of a price signal and
other instruments being financed with the revenues collected)
note continued)

sions without necessarily leading to a reduction in energy consumption (i.e.,

sures to encourage the uptake of biofuels).
7 A detailed description of these instruments is clearly beyond the scope of

paper. See IPCC (2007a) for further details.
8 Higher fuel taxes help manufacturers attain the fuel economy standard (as

narrow the gap between consumers’ aspiration and the requirement of the

dard) and provide an incentive for the development of low-carbon

nologies (Van Dender, 2009). Markowska et al. (2009) observe that the

ively high level of taxes on vehicles and fuels in Europe has convincingly led

more fuel-efficient vehicle fleet compared to e.g. the USA and other countries.
9 With very fuel-efficient vehicles, there is a high chance for rebound effects.

ough they can be limited by very strong infrastructure, spatial and pricing

ies (Markowska et al., 2009), a low price elasticity and high income elasticity

mand for fuel makes it difficult that rebound effects can be mitigated through

ng mechanisms (since increase in fuel prices as a result of higher fuel taxes

ld not have an influence on fuel demand).

2
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2
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2
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addi
and in the long term (when price elasticities are higher and a
greater impact on demand can be expected).20
Since each instrument (and not only fuel taxes) is likely to have
only a modest effect on energy consumption in this sector due to
the multifaceted character of factors leading to this consumption,
the appropriate policy approach involves the combination of
different instruments in a coherent and coordinated manner.

The complementarity between instruments has different sides.
It might be related to their different time horizons: some would
have an impact in the short term (i.e., user restrictions), whereas
others cannot be expected to have an immediate effect (i.e.,
information provision, urban planning and price instruments). It
might also be related to the fact that some instruments may target
technological changes (fuel economy standards), whereas others
aim at changing driving behaviours (ecodriving) or modality
patterns (investments in public transport). In addition, as already
mentioned, the revenues from a fuel tax can provide financing for
other measures. In turn, the other instruments increase the price
reactivity of fuel taxes. For example, information measures may
address information failures and increase the price elasticity of
fuel demand. They add short-term effectiveness to the economic
instrument (regulations and information measures), long-term
effectiveness (land-use planning, R&D support) or social acceptabil-
ity/political feasibility (informational measures).21 Nevertheless, the
Environmental Tax Reform would suggest that it should be assessed
whether dedicating the revenues from those taxes to finance the
‘‘other’’ instruments is welfare-improving with respect to reducing
social security contributions and taxes on labour.

5.2. Discussing the environmental and energy consumption effects of

transport taxes on private transport in Spain

The incentives provided by taxes to encourage lower energy
consumption levels in the private passenger transport sector (i.e.,
cars) in Spain are currently weak. Its intention was mainly to collect
revenue. This situation will continue in the future since economic
instruments play a residual role in the recently approved Sustain-
able Mobility Strategy (see Spanish Government, 2009).

Whereas the level of the registration tax is on the EU average,
the circulation and the fuel tax are lower (Espasa et al., 2006 and
Section 2.3.5). Although politically attractive (given the low
perception of its existence by tax payers), the vehicle registration
tax does not have any influence on car use. Albeit more energy-
efficient cars are taxed at lower rates, its effect on fuel use, is
likely to be limited. The high income elasticity of demand has
pushed for the purchase of gas-guzzler cars. The circulation tax is
also quite unrelated to energy use and to the externalities caused
by this consumption.

We thus propose a revenue-neutral fiscal reform of car
taxation aimed at reducing energy consumption. This would
involve sustained increases in fuel taxes, together with the
gradual phase-out of the registration and circulation taxes.22

Nevertheless, further studies should identify the appropriate level
0 Several papers show that the combination of fuel taxes with other

uments is welfare-improving with respect to the isolated utilization of each

y: Fullerton and West (2002) (tax on gasoline and subsidies to newer cars),

s and Chapman (1999) and Innes (1996) (gasoline taxes and fuel economy

dards).
1 As noted throughout this paper, we focus on the scale factor, but the

bination of instruments is relevant to induce, both, technological

behavioural changes, which are needed to substantially reduce energy

umption.
2 The 2005 Proposal for a Directive on passenger car-related taxes (European

mission 2005) recommended a phase-out of registration taxes in the EU. In

tion, the International Energy Agency (IEA, 2001) already urged the Spanish
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of the fuel tax according to estimates of avoided externalities and
to preserve revenue-neutrality, taking into account that transport
is already a heavily taxed activity.

It might be argued that the removal of the registration and
circulation taxes would also reduce the incentive to buy more
energy-efficient cars. However, the higher fuel taxes would not
only reduce the incentive to use the car, but would also maintain
some incentive to buy more fuel-efficient cars because drivers
would pay less each time they drive. Probably a better alternative
would be to transform the registration tax into a true feebate
system, which combine rebates on vehicles with higher fuel
economy with fees on vehicles with lower fuel economy
(Gallagher et al., 2007), remove the circulation tax and increase
the fuel taxes to compensate the revenue loss due to such
removal.

This fiscal reform should be part of a wider, integrated
strategy, which would include a package of measures (promotion
of public transport, information instruments, R&D investments,
etc.) aimed at reductions of energy consumption by private cars.
The low (but not insignificant) price elasticity and high income
elasticity of fuel demand is unlikely to result in a significant
behavioural change in the short term but part of the revenues
from an increase in fuel taxes could be earmarked to finance the
other ‘‘non-price’’ measures, although this would put revenue
neutrality at risk.23

In contrast to this proposal centred on the use of fiscal
instruments, and for reasons of social acceptability and political
feasibility, ‘‘soft’’ instruments rather than hard measures in the
form of high fuel taxes and regulations restricting the use of
private cars have been the norm. As shown in Section 2.3.5,
domestic policies to reduce energy consumption and/or CO2

emissions associated to the scale factor have mostly relied
on investments in public transportation and information/
education.24

The implementation of a policy aimed at reducing energy
consumption by car users based on a strong price signal, which
directly affects the pocket of fuel users will continue to be missing
in the future. The Sustainable Mobility Strategy is oriented to
encourage investments in public transport and technological
innovation,25 provide information to transport users, reduce
speed limits, raise awareness, provide information (ecodriving)
and undertake transport and urban planning, but there is only a
generic mention to the use of ‘‘economic instruments’’.
6. Concluding remarks, limitations and suggestions for further
research

The analysis of price and income elasticities carried out in this
paper is useful to identify appropriate instrument combinations in
(footnote continued)

government in 2001 to substantially increase energy taxes in order to comply with

its Kyoto target.
23 The fuel tax already generates a substantial amount of revenue (about 11

thousand million h in 2004, according to Espasa et al. (2006). An increase in fuel

taxes would be used to compensate for the reduction in the circulation or the

registration tax (which amounted to 1.6 and 1.9 million thousand h in the same

year, respectively).
24 Of course, other policy initiatives at the EU level have tackled the

technological factor, mainly the voluntary agreements with the Japanese, Korean

and European vehicle manufacturers.
25 However, all the measures proposed in the Strategy to encourage

technological changes are of a supply-push kind (technology policy instruments,

such as R&D and deployment subsidies) and not of a demand-pull type (economic

instruments). This amounts to renewing the vehicle stock, supporting RD&D of

more energy-efficient and cleaner vehicles (hybrids, hydrogen, CNG, LNG, y) (see

Spanish Government, 2009).
Spain, which tackle the transport-activity factor and lead to
effective reductions in energy consumption by cars and the most
appropriate role of economic instruments within those policy
mixes. Whether those instruments should be targeted at short-term
energy consumption reductions or rather be part of a package of
policies in which its main role is to provide a long-term price signal
and revenues to finance the other instruments depends on the
results of such analysis. This paper has provided a set of policy
recommendations in this direction. Although they relate to the
Spanish case, they could be extrapolated to other countries.

Our analysis suggests that, although necessary, the price signal
provided by fuel taxes may be insufficient to induce significant
changes in private passenger transport demand in Spain, given
the low price elasticities and the high income elasticities of fuel
demand. This would require very high levels of fuel tax, which are
hardly politically feasible. Our analysis does not allow us to
identify the level of those fuel taxes, however. If estimates of
marginal external costs and elasticities provide guidance on
appropriate fuel tax levels (Van Dender, 2009), we do not provide
an estimate of the former. Furthermore, whether reductions in
transport activity should be prioritised (in contrast to technolo-
gical changes) is beyond the scope of this analysis. However, if
such reductions are deemed recommendable as part of an
integrated strategy in which they are combined with technolo-
gical changes (which is likely), then our analysis provides some
policy-relevant insights.

In view of those results, a combination of instruments at
different levels and with different scopes (short term and long term,
carrots and sticks) is necessary to reduce the scale of transport
activity and fuel use in this sector. Fuel taxes have an important role
to play in this combination. Different instruments have different
time horizons after which they can be expected to be effective.
Whereas regulations are probably better at inducing reductions in
transport demand in the short term, fuel taxes are effective in
longer time frames. Notwithstanding, fuel taxes also have a role to
play to reduce transport fuel demand in the short term. The low
short-term price elasticity of fuel demand allows for the collection
of revenues, which could be earmarked to finance other instru-
ments in order to reduce energy consumption in transport (public
transport, information provision, regulations or R&D).

However, given that cars are already heavily taxed, we
recommend that the gradual increase in fuel taxes is combined
with the removal of the circulation tax and that the registration
tax is transformed into a feebate system that encourages the
purchase of more energy-efficient cars, in the context of a
revenue-neutral fiscal reform of car taxation. In contrast, the
implementation of high fuel taxes within a combination of
instruments aimed at reducing energy consumption in the
passenger transport sector has been missing in Spain. The
government relies (and will rely) on soft measures (public
transport investments and information).
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Espey, M., 1998. Gasoline demand revisited: an international meta-analysis of
elasticities. Energy Economics 20, 273–295.

European Commission 2009. EU Energy and Transport in Figures. Statistical
Pocketbook, Brussels.

Filippini, M., 1995. Electricity demand by time of use: An application to the
household AIDS demand. Energy Economics 17 (3), 197–204.

Fullerton, D., West, S., 2002. Can taxes on cars and on gasoline mimic an
unavailable tax on emissions? Journal of Environmental Economics and
Management 43 135–157.

Gallagher, K.S., Collantes, G., Holdren, J.P., Lee, H., Frosch, R., 2007. Policy
options for reducing oil consumption and greenhouse-gas emissions
from the US, Harvard (Massachussets), Transportation Sector. Discussion
Paper July 27, 2007. John F. Kennedy School of Government, Harvard
University.
Goodwin, P., 1992. A review of new demand elasticities with special reference to
short and long run eVects of price changes. Journal of Transport Economics and
Policy 26, 155–163.

Goodwin, P., Dargay, J., Hanly, M., 2004. Elasticities of road traffic and fuel
consumption with respect to price and income: a review. Transport Reviews
24 (3), 275–292.

Graham, D.J., Glaister, S., 2002. The demand for automobile fuel—a survey of
elasticities. Journal of Transport Economics and Policy 36, 1–26.

Green, R., Alston, J.M., 1990. Elasticities in AIDS models. American Journal of
Agricultural Economics 72 (2), 442–445.

Green, R., Alston, J.M., 1991. Elasticities in AIDS models: A clarification and
extension. American Journal of Agricultural Economics 73 (3), 874–875.

Greene, D., Patterson, P., Singh, M., Li, J., 2005. Feebates, rebates and gas-guzzler
taxes: a study of incentives for increased fuel economy. Energy Policy 33,
757–775.

Haden, K., 1990. The demand for cigarettes in Japan. American Journal of
Agricultural Economics 72 (2), 446–450.

Halvorsen, B., Larsen, B.M., 2001. The flexibility of household electricity demand
over time. Resource and Energy Economics 23, 1–18.

Hanly, M., Dargay, J., Goodwin, P., 2002. Review of income and price elasticities in
the demand for road traffic—ESRC TSU publication 2002/13, ESRC Transport
Studies Unit Centre for Transport Studies, University College, London.

Hausman, J.A., 1978. Specification test in econometrics. Econometrica 46,
1251–1271.

Heien, D., Wessells, C.R., 1990. Demand systems estimation with microdata: a
censored regression approach. Journal of Business and Economic Statistics 8
(3), 365–371.

Holden, E., Høyer, K.G., 2005. The ecological footprints of fuels. Transportation
Research Part D10, 395–403.

Hondroyiannis, G., 2004. Estimating residential demand for electricity in Greece.
Energy Economics 26, 319–334.

Hughes, J.E., Knittel, C., Sperling, D., 2006. Evidence of a shift in the short-run price
elasticity of gasoline demand. Institute of Transportation Studies, University of
California, Davis, Research Report UCD- ITS-RR-06-16.

Innes, Robert., 1996. Regulating automobile pollution under certainty, competi-
tion, and imperfect information. Journal of Environmental Economics and
Management 31, 219–239.

Instituto Nacional de Estadı́stica (various years). Encuesta Continua de
Presupuestos Familiares, Madrid, Instituto Nacional de Estadı́stica.

Intergovernment Panel on Climate Change 2007a. Transport chapter. Fourth
Assessment Report. Working Group III. Ginebra.

Intergovernment Panel on Climate Change 2007b. Mitigation in an intersectoral
perspective chapter. Fourth Assessment Report. Working Group III. Ginebra.

International Energy Agency (IEA) 2001. Saving Oil and Reducing CO2 Emissions in
Transport, Paris.

IEA 2008. World Energy Outlook, Paris.
Jabarin, A.S., 2005. Estimation of meat demand system in Jordan: an almost

ideal demand system. International Journal of Consumer Studies 29 (3),
232–238.

Keen, M., 1986. Zero expenditures and the estimation of Engel curves. Journal of
Applied Econometrics 1, 277–286.
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