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Extended Abstract

The use of cars offers great mobility to individuals and freedom in the choice of
residence and place of work. However, the increasing amount of car traffic
entails a number of externalities, including carbon dioxide (CO,) emissions. This
problem involves a significant economic burden for society. Driving a car is the
most polluting act an average citizen commits. Emissions from passenger
vehicles are increasing despite the fact that technological developments have
led to a reduction in energy consumption per km. The main factor behind this is
the increasing use of cars.

The consumption of fossil fuels of personal vehicles is made up of at least three
components: (1) size of car fleet; (2) total Vehicle Kilometres Travelled (VKT);
and (3) consumption of fossil fuels per km. It is important to analyse
interactions among these three components with the purpose of evaluating the
impact of changes in car taxation on car traffic related CO2 emissions. There
have been many attempts to alter the taxation of cars to obtain more energy-
efficient car transport. To study the effect of such policies it is necessary to
model the interaction between car ownership and car use. A general
framework for the modelling of ownership and use of durable goods was
presented in Dubin and McFadden (1984). They developed a framework based
on the link between demand for the durable and use of the durable as
described by Roy’s identity and show that, in reaction to increasing fuel prices,
consumers switch to more fuel efficient varieties and decrease the use made of
the durable to some extent. This type of framework allows for a theoretically
based evaluation of car taxation policies and studies of rebound effects both of
which are important elements to understand on the road toward a society with
less pollution from the use of cars.

The taxation of car often involves nonlinear two-part tariff, see e.g. Kunert and
Kuhfeld (2007). A two-part tariff structure is quite common in situations where
ownership and consumption can be separately taxed, as for cars. In Denmark
car owners pay an annual vehicle tax as well as a user tax, mainly in the form of
a fuel tax. In this paper we study effects of change in two-part tariffs on vehicle
related CO; emissions and energy consumption in a joint model of car
ownership and car usage. Our model consists of a discrete choice model that
captures the composition of the household vehicle holdings combined with a
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model for demand for kilometres driven in the vehicle(s). Various approaches
have been presented in the literature on car ownership and use, see e.g.
Mannering and Winston (1985), De Jong (1990), Hensher et al. (1992), and
Gillingham (2011). The model in this paper builds upon de Borger (2000) that
showed how to analyze two-part tariffs using a discrete choice framework and
West (2004) that developed an econometric model for car ownership and
usage.

We use a large sample of detailed Danish data to estimate the joint demand for
vehicles and kilometres. Our results show that it is important to control for the
endogeneity of the car use model conditional on the vehicle holdings model.
The bias term introduced by Dubin and McFadden (1984) to control for the
endogeneity is significant. This inclusion of the bias term shows that OLS
estimation leads to a significantly biased estimate of the effect of operating
costs per km.

The last significant reform in Denmark was completed in 2007. The reform was
similar to what has been done in many other European countries within the last
decade, see e.g. Rogan et al. (2011) and Zimmermannova (2012). The main
objective was to improve fuel efficiency and consequently to reduce emissions
related to car transport. We apply our estimated model to analyse the effects
of such a reform.
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