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INTRODUCTION

In Europe, the transport sector in general and road traffic in particular constitutes one of the main
sources of greenhouse gas (GHG) emissions. Being such a major sector, transport causes growth in
both energy consumption (this sector is the largest consumer of oil products within the EU energy
system) and environmental emissions1 (Source: energy baseline to 2030). In 2010, the passenger car
represented the dominant means of road-based transport, accounting for 84.1% of all land passenger
travel across the EU-27 (Eurostat). In Europe, road passenger transport has reached 4,822.13 Gpkm
(Giga-passenger-kilometers)2. The vehicles used to travel on roads mainly use gasoline and diesel oil
(LPG, CNG and electricity all have small shares of the total energy consumed by road transport uses).

Road transport is definitely a factor for economic growth, yet in a context of scarce energy resources,
this kind of expansion may engender a set of problems that need to be addressed more urgently by
policymakers. Modeling road transport demand has increasingly become a core public policy issue
and serves as the focus of this paper. To understand how the situation has evolved, let's start by
studying the fundamentals of this means of transportation.

Work Package 2 (WP2), which relies on panel data modeling, analyzes the impact of transport policies
on road transport demand across various European countries. To compare the distinct national
contexts, we decided to study the following 15 countries: Austria, Belgium, Spain, Portugal, Ireland,
Denmark, Finland, the Netherlands, France, Poland, Norway, Sweden, the United Kingdom, Italy, and
Germany. These countries differ in many ways, including vehicle fleet composition, refueling
infrastructure, geography, energy use and taxation system.

The first part of this work package consists of building an appropriate dataset. We begin by
conducting a literature review to identify the set of factors influencing total number of passenger
vehicle-kilometers traveled (e.g. demographics, socioeconomic variables, fuel prices). We next
determine the available and relevant data sources covering the period 1970-2011; information
collection is the last step (see Results). In the second part of our program, we assess the relationship
between national passenger car demand and a number of variables (e.g. prices, taxes, income,
socioeconomic impacts), as well as vehicle characteristics using dynamic panel data modeling.

1

The potential to reduce GHG by 60% in the transport sector by 2050 has been identified by the European Commission
(European Commission, 2011).
2
The passenger-km figure is calculated as the number of passengers transported by road x the number of kilometers traveled.
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1.

Descriptive statistics

1.1

Evolution in traffic

Figure 1 describes the evolution in both population and car traffic (VKT) between 1990 and 2010 in
the European Union (EU-27). The statistic Vehicle-Kilometers Traveled (VKT) indicates the total
number of kilometers traveled by passenger vehicles over a year on the given road network.

Figure 1: Population and car traffic in Europe (EU-27) (source: Odyssee)

Passenger mobility in Europe relies heavily on road and rail. Some basic remarks can be formulated
from Figure 1. First of all, the figure emphasizes the strong increase in car traffic, with a 44% rise
over the period 1990-2010. The EU road transport sector grew very rapidly between 1990 and 2002
(2.6%/year). Since 2002, its expansion has been ongoing though at a slower pace (0.6%/year). This net
slowdown is probably correlated with the spike in motor fuel prices, as well as with national measures
adopted in some countries and the economic crisis. Second, the figure indicates an average annual
population growth rate of 3.2%, meaning that car traffic has increased less than population.
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Figure 2: Car traffic/population in km/per capita/year (source: Odyssee)
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Figure 3: Countries' respective weight in total European road traffic (source: Odyssee)
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Figure 3 presents each country's relative weight in total European road traffic (in 1995 and 2009). The
shares of France, the United Kingdom, Italy and Germany in the traffic figure total around two-thirds;
this combined share appears to be stable over the period (67% in 1995 vs. 62% in 2009).

The mobility level is highly heterogeneous among countries due to differences especially in income,
auto ownership rates, country size and population densities. A number of variations may be observed
(Figure 4). The progression of most new Member States is positive, while the trend moves into
negative territory for countries such as Great Britain and the Netherlands.
8

SCelecTRA
Scenarios for the electrification of transport

Figure 4: Annual distance traveled by car, 2000-2010 (source: Odyssee)
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Figure 5: Annual distances driven per car per capita (source: Odyssee)
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Since 1995, the amount of car use per capita has been stable in most European countries. No
consensus however has been provided regarding the possible interpretations and explanations of such
a phenomenon, commonly referred to as "Peak car" or "Peak Travel". As highlighted by Stokes3,
many authors suggest that this observation corresponds to a "plateau" effect characterizing the end of

3
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the automobile growth period, while others suggest that it corresponds to a temporary slowdown.
Goodwin (2012) distinguished two major schools of thought. The first proposes that these changes
may be explained by economic variables: fuel prices, income, Gross Domestic Product (GDP),
unemployment rate, etc. The second school emphasizes the role played by cultural, social and policyrelated factors.

1.2

Vehicle fleet

The European Union owns the world's largest fleet of cars (more than 142 million in 2010).

Figure 6 Newly registered cars (EU-27) (source: Odyssee)
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The European vehicle fleet has grown by 53% since 1990, which is a fairly significant number. The
extent of car ownership varies greatly among countries (Lapillonne et al., 2012). Germany contains
the most (42.93 million in 2012). Poland experienced the greatest growth (72% between 2000 and
2010), while Sweden, Portugal, Italy, Germany, France and Belgium grew at the lowest rates (between
5% and 12% over the period 2000-2010).
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Figure 7 European stock of cars (in millions) (source: Odyssee)
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The penetration of European passenger car markets by diesel technology began around the end of the
1980's. In 1990, the ratio of diesel cars in Europe accounted for 13% of the total fleet; it has grown
steadily since then and reached 38% (accounting for nearly 50% of all new registrations) in 2010. This
"dieselization" has occurred irregularly from one country to the next. The percentage of diesel cars has
remained low in some countries (Sweden, Greece, Cyprus, the Netherlands). Note that Cames and
Helmers (2013) assumed that without any policy incentives to promote diesel cars, the diesel car
penetration rate would have stabilized over the long term at 15% since the mid-1990's (like it did in
Japan for example).

Figure 8 Share of diesel cars in total stock (Source: Odyssee)
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Note that dieselization of the vehicle fleet has likely been a cost-inefficient way of obtaining CO2
reductions.

Annual distance traveled per car

1.3

In 2010, the annual distance traveled by cars varied across countries from 8,070 km (Poland) to 17,050
km (Ireland). The average annual distance traveled by cars equals 12,380 km for the entire EU. In
most European countries, this average annual distance increased until 2000 and has decreased since
(most likely due to the increase in motor fuel prices since 2000).

Figure 9 Annual distance traveled per car (in km) (source: Odyssee)
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As demonstrated by Stokes, per capita traffic has been decoupled from total traffic (as the former has
consistently grown at a lower rate than the latter). Since 2004, the difference between the two growth
rates has widened even further.

1.4
1.4.1

Fuel efficiency and CO2 emissions
Fuel efficiency

Since the late 1990's, transport-related energy consumption has become decoupled from Gross
Domestic Product (GDP). The ratio of transport energy consumption per unit GDP decreased by an
average rate of 0.8%/year in the EU between 1999 and 2010. Average fuel economy levels vary
country by country. Across the EU-27, the average level in 2010 was around 5.6 liters per 100 km for
new cars. The current average fleet-wide fuel economy level stands at about 6.7 l/100 km.
Traffic efficiency improvements depend on a wide variety of factors, only some of which are
correlated with technological progress.
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1.4.2

CO2 emissions

Throughout the 27-country EU, road transport CO2 emissions over the period 1990-2011 increased by
21% (Figure 10).

Figure 10 CO2 emissions (Mtoe) from road transport (source: Odyssee)

Cars

13

Total

2011

2010

2009

2008

2007

2006

2005

2004

2003

2002

2001

2000

1999

1998

1997

1996

1995

1994

1993

1992

1991

1990

1 000,00
900,00
800,00
700,00
600,00
500,00
400,00
300,00
200,00
100,00
0,00

SCelecTRA
Scenarios for the electrification of transport

2.

Theoretical considerations

Authors typically distinguish between traffic generated by a supply factor (i.e. induced vehicle travel)
and that resulting from demand factors (income per capita, population, economic activity, tax system,
etc.) (Gonzalez and Marrero, 2012). The underlying theory can be explained using a traditional
supply-and-demand graph.

Figure 11 Traditional supply-and-demand graph
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Figure 11 shows the VKT at equilibrium. In holding lane kilometers constant, the cost of driving
increases with vehicle-kilometers traveled: the average cost curve for VKT is upward sloping, while
the demand for VKT is downward sloping. At equilibrium, individuals choose VKT in response to the
prevailing average cost of VKT, i.e. all individuals must face the same unit cost of VKT and all ignore
the impact of their own travel on the costs incurred by other travelers. With K kilometers of lanes, the
demand curve intersects the supply curve at I, which is the equilibrium VKT.

2.1

Supply side

An expanded road network decreases the generalized cost of travel for all VKT levels. For a given
demand, an increase in road network length will cause an increase (or decrease) in the demand for
mobility (as expressed in terms of VKT), as the result of reduced travel costs, and wind up increasing
the distance traveled (Goodwin, 1992).
The increase in number of kilometers traveled resulting from greater road network capacity is referred
to as "induced traffic"; it is interpreted as "the increment in VKT that would not have occurred without
the capacity improvement. […]" (Gonzalez and Marrero, 2012). The table below summarizes the
various elasticities estimated from the literature.
14

SCelecTRA
Scenarios for the electrification of transport

Table 1 Induced travel elasticities
References

Methodology

Results

Cervero and

Panel data set consisting of 22 years of

Elasticity of (Vehicle miles Traveled

Hansen (2000)

observations for 34 California urban

(VMT)) with respect to lane-miles:

counties

0.56 ;
Elasticity of lane-miles with respect to
VMT: 0.33

Fulton et al. (2000)

lane kilometers

0.2-0.6

Hansen and

lane kilometers (county level)

0.6-0.7

Huang (1997)

lane kilometers (metropolitan level)

0.9

Hymel et al. (2010)

US, state level, 1966-2004

Elasticity of state VMT with respect to
total road length: 0.037 (Short Run
(SR)) / 0.186 (Long Run (LR))

Su (2011)

U.S., state level, 2001-2008

0.066 (SR)

Increase in VMT per capita induced by an

0.26 (LR)

increase in road miles per capita
Gonzalez and

Data for Spain’s main regions from 1998

Results

vary

depending

on

the

Marrero (2012)

to 2006. Dynamic Panel Data reduced-

estimating method employed. The

form model with alternative approaches

estimated short-term elasticity is 0.12.

(fixed and random effects and GMM-

The long-run elasticity is 0.25.

based methods)
Noland (2001)

Analysis of US data in lane mileage and

Lane

miles

have

a

statistically

VMT by state. Various econometric

significant relationship with VMT:

specifications are tested using a fixed

0.3-0.6 (SR) and 0.7-1 (LR)

effect cross-sectional time series model
and a set of equation by road type.
Rentziou et al. (2012)

Panel date for the 48 U.S. continental

Urban roads: the elasticity ranges from

states

0.272 to 0.531

during

the

period 1998-2008.

Simultaneous equation models; SURE
model.

2.2

Demand side

Several authors have investigated annual distance traveled by car (VKT or VMT demand), along with
the various factors affecting this distance. VKT demand is usually modeled as a function of income,
fuel prices and fuel efficiency. Studies have shown that income and fuel prices significantly influence
the amount of travel demanded, and the level of cumulative travel demand changes with any
combination of various economic indicators (Sikka and Sun, 2009).
15
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The key driving forces behind VKT demand commonly identified include economic factors (e.g.
transport costs, income per capita) and demographic factors (household size, population growth). The
impact of socioeconomic preferences (like reliance on private passenger vehicles) and technological
developments are less well known; in fact, the impact of new technology remains ambiguous. Some
authors explain that Internet use might influence travel demand by enabling communication as a
substitution for travel. The emergence of these new "connected" generations (Papaix and Meurisse,
2013) could change mobility behavior. Modifying these factors can shift upward (or downward) the
demand curve, which in turn changes the VKT consumed at a given price.

Price sensitivity is measured using elasticity. Various factors can affect how much a change in price
affects travel demand (Litman, 2013):

• type of price change;
• type of traveler (higher income travelers are less price-sensitive than lower-income travelers);
• quality and price of alternatives;
• time period.
As fuel prices increase, the frequency of car travel declines. Demand decreases as a result of reduced
driving and improved fuel efficiency. We generally observe short-term and long-term adjustments.
Over the short term, households respond to increased price by reducing their driving. In the long run,
they may buy a more fuel-efficient vehicle or move closer to their workplace. Fuel elasticity varies
mainly with place of residence (urban, rural), income level and type of vehicle owned. Increased fuel
prices more acutely affect people with less disposable income and rural households, which have a
lower fuel price elasticity than urban households (Poor et al., 2007).

2.2.1

Economic growth

Household income (or GDP per capita) affects both car ownership and travel choice. It is typically
considered the most important driver of passenger travel demand.

16
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Figure 12 Relationship between GDP per capita and car ownership
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Figure 13 Relationship between km per capita and GDP per capita
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Some authors have estimated fuel consumption elasticity with respect to income: Goodwin et al.
(2004) estimated a value of 0.4 in the short run (SR) and 1 in the long run (LR). Glaister and Graham
(2002) found 0.45 (SR) and 1.2 (LR). Pock (2010) 4 found 0.257 (SR) and 1.209 (LR).

4

Pock (2010) showed that specifications neglecting the share of diesel cars also overestimated short-term income, price and

car ownership elasticities.
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2.2.2

Fuel efficiency and the cost of driving

The monetary cost of car travel tends to affect transport demand. The generalized cost consists of the
sum of monetary costs and monetized passenger travel time. The monetary cost borne by an individual
includes various components: fixed vehicle costs (cost of ownership, cost of maintenance, road tax)
and variable vehicle costs (distance-related costs, fuel costs). Fuel prices are determined by both crude
oil prices and taxation. Different types of charges can produce different impacts on travel demand. A
number of literature reviews have summarized the results of various studies.

2.2.3

Fuel prices

A significant body of literature has been devoted to estimating the price elasticity of fuel demand or
car mileage demand. Most empirical studies on fuel demand provide elasticities derived from national
data.

2.2.3.1

Fuel price and VKT

In accordance with standard economic theory, many authors (Gonzalez and Marrero, 2012; Matas and
Raymond, 2003; Goodwin et al., 2004; Graham and Glaister, 2004) indicate that fuel prices have a
significant negative impact on road traffic mobility (i.e. VKT). They estimated the price elasticity of
car mileage demand over both the short and long term. Long-term price elasticity is higher than that of
the short term. In this survey, we have only considered studies targeting European countries.

18
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Table 2 Elasticities (Fuel price and VKT)
References

Scope

Estimations
(short run (SR), long run
(LR))

Gonzalez and Marrero

Dynamical Panel

Data reduced form

-0.282 (SR)

(2012)

model: Spain’s main regions from 1998 to

-0.607 (LR)

2006.
Matas

and Raymond

(2003)

Elasticities of demand on tolled motorways

-0.34 (SR)

in Spain. Panel dataset covering an 18

-0.53 (LR)

years period.
Goodwin et al. (2002,

US, Canada, UK, Spain and Italy

2004)

-0.29 (LR)

Jong and Gunn (2001)

Graham and Glaister

Member or associate member states of the

-0.16 (SR)

European Union.

-0.26 (LR)

Empirical evaluation at UK regional level

-0.17 to -0.15 (SR)

(2002)

-0.57 to -0.31 (LR)

Johansson and Schipper

12 OECD countries (with 9 European

(1997)

countries) for the period 1973-1992

Karathodorou
(2010)

-0.10 (SR)

et

al.

-0.35 to –0.05 (LR)

84 cities from 42 different countries for the

-0.204 (OLS)

year 1995 (cross-sectional data from the

-0.178 (SURE)

Millennium Cities Database for Sustainable
Transport (1999)). OLS and SURE models.

2.2.3.2

Fuel price and fuel demand

A considerable body of research is already available on the price elasticity of demand for gasoline. As
fuel prices increase, fuel consumption decreases due to the reduction in driving coupled with improved
fuel efficiency. The short-run price elasticity has been estimated to lie between -0.1 and -0.35. In these
estimates, the long-run price elasticity is between -0.4 and -1.0.

5

Hughes et al. (2008) found that in the U.S., the short-term gasoline price elasticity has decreased over time ([-0.34, -0.21]

for 1975-1980, and [-0.08,-0.03] for 2001-2006).
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Table 3 Elasticities (Fuel price and fuel demand)
References

Scope

Estimations

Glaister and Graham (2002)

Survey of elasticities.

-0.3 to -0.2 (SR)
-0.8 to -0.6 (LR)

Lipow (2008)

Baltagi and Griffin (1997)

Review of energy price elasticity study. North

-0.17 (SR)

America and Europe, 1950-2000.

-0.4 (LR)

Dynamic panel model with lagged income and

-0.11 (SR)

car stock as additional regressors from 1960 to
1990 consisting of 18 OECD countries (with 13
European countries).
Pock (2010)

Johansson

and

Schipper

(1997)

Panel dataset from 14 European countries over

-0.106 (SR)

the period 1990-2004.

-0.502 (LR)

12 OECD countries (with 9 European countries)

-1 to – 0.40 (LR)

for the time period 1973-1992.

The reasons behind such large discrepancies in these findings pertain to differences in model
assumptions and in the econometric estimation technique.

2.2.4

Fuel efficiency

Travel cost indirectly depends on vehicle fuel efficiency. Improving fuel efficiency serves to reduce
the fuel cost of travel. People might then respond to this lower monetary travel cost by traveling more
(and consuming more fuel than would be the case had VKT remained unchanged). This extra VKT
due to improved fuel efficiency is called the "rebound effect". The magnitude of this rebound effect
increases with fuel cost and decreases with income (Hymel et al., 2010). The fuel economy trend has
been discussed in Section 1.4.1.

2.2.5

Population

Non-economic changes in society may also impact transport activity. The population growth rate,
gender distribution, labor force participation, level of education, urbanization rates, age breakdown of
drivers and other factors exert an impact on transport volumes (as well as on mode sharing). As the
population increases, the number of travelers will increase, as will the rates of car ownership. Labor
participation stimulates car ownership for commuting purposes (Jong and Van de Riet, 2008) (higher
educated workers tend to commute longer distances). Automobile travel tends to increase with
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employment, with different categories of people expressing different travel demands. Changes in the
population profile generally lead to changes in mobility behavior.

2.2.5.1

Age breakdown of drivers

The age distribution of drivers can have an impact on travel demand. Sivak and Schoettle (2012)
studied recent changes in the age breakdown of drivers in 15 countries (including Finland, Germany,
Great Britain, Latvia, the Netherlands, Norway, Poland, Spain and Sweden). On the one hand, their
results indicated a decrease in the percentage of young people holding a driver's license, while on the
other, they observed an increase in the percentage of older people holding a driver's license.

Society ages as a result of increased life expectancy combined with declining fertility. Older cohorts
will make up a growing share of the future driving population. At the same time, the distribution of
drivers in many countries has exhibited a shift towards older age groups. The changes in licensing and
population trends will affect both vehicle purchases and the nature of transportation. The net effect of
this demographic change on transport demand remains unclear. While this trend may reduce the
demand for work and business trips, it can also affect the organization of leisure activities (Sessa and
Enei, 2009).
Moreover, younger people seem to modifying their attitudes towards the automobile and mobility
(Kuhnimhof et al., 2012a). The increased costs of driving and technological changes are leading
young people to favor a rise in multimodal travel behavior (Kuhnimhof et al., 2012b).

2.2.5.2

Urbanization

Population growth will mainly occur in cities. In Europe, the proportion of the population residing in
urban areas is approximately 74% (ranging from 50% in Slovenia to over 95% in Belgium) (Figure 14
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)6. The relationship between urbanization rate and annual distance driven per capita (or per car) is
ambiguous. The results are contrasted. On the one hand, Karathodorou et al. (2010) showed that urban
density affects fuel consumption through variations in both the car stock and distances traveled.
According to these authors, households living in less densely populated zones have an increased
mileage per car when compared to residents of more densely populated zones (Liddle, 2004). Liddle
and Lung (2010) noted that in the U.S., VKT per household are lower in urban areas than in rural
zones7. Furthermore, car ownership is higher in rural areas (due to the availability of alternative forms
of transportation, as well as to congestion and parking problems, in urban areas). Elasticities differ
between rural and urban households, with rural people having no viable alternative to the automobile:
income and price elasticities increase with level of urbanization. On the other hand however, other
studies have shown that travel distances, passenger mobility and automobile use all increase with
urbanization (Hankey and Marshall, 2010; Rodrigue et al., 2006).

6

According to the Green Paper for Europe, it is expected to rise from 72% in 2005 to 78% in 2030.
As shown by Hankey and Marshall (2010, Energy Policy, 38(9), 4880-4887), urban form also impacts the passenger vehicle
greenhouse gas emissions.
7
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Figure 14 The urban population (% of total population) (source: World Bank)
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Household (number and size)

Fuel consumption and mobility decisions take place at the household level. The number of households
is more of a determinant to the total automobile fleet size than to the total population number8.
Population and household size drive the number of tours organized (Jong and Van de Riet, 2008). The
number of households has been observed to grow more rapidly than the total population. In other
words, the number of households has grown while average household size has dropped.

Figure 15 Annual growth rates in both number of households and population
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Household size is calculated based upon the total population and the total number of households.
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2.3

Summary

Many papers have outlined the set of factors contributing to the recent evolution in European driving.
Per capita VKT has decreased steadily over the past several years, resulting in a slight decrease in
overall VKT for the same period. Among European countries, annual distances per car are much
higher in Ireland, Latvia and Slovenia, while on the other end annual road VKT were much lower in
Poland and Hungary.
Results suggest that road travel demand is mainly driven by "macro" (population, economic growth,
fuel cost of driving) and "micro" (individual preferences) factors.

In addition to fuel price and GDP per capita, many explanatory variables may affect travel per
automobile demand:

•

taxation (of new cars, car use);

•

geographic variables (population density, urban population);

•

demographics (age breakdown of the population, age breakdown of drivers, number of
households);

•

other variables (driver licensing policies, road investment policies, quality of public transport
systems, cultural aspects).
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3.

Policy considerations

The majority of transportation policies address sustainability challenges and are aimed at cars through:
improving their efficiency, encouraging the take-up of energy efficient cars, and changing driver
behavior. Vehicle efficiency improvement measures are mainly implemented at the European level
through regulations targeting vehicle manufacturers. This section focuses on economic instruments;
other policies such as collaborative initiatives or communication will also be briefly described.
Economic theory offers a number of instruments for changing travel practices at the individual level in
order to mitigate the negative externalities of transport.

3.1

Supply-side instruments

As mentioned in Section 2.1, "a clear consensus exists nowadays regarding the existence of [this]
induced demand" (Gonzalez and Marrero, 2012). In other words, road improvements (particularly by
expanding congested roadways) seem to spur new travel.
Spending on road transport infrastructure has increased between 1995 and 2010 (both in absolute
terms and as a proportion of GDP)9. Data provided by the International Transport Forum (ITF, 2013)
show an average investment in road infrastructure at near 0.90% of annual GDP. The share of GDP
allocated to road infrastructure has remained relatively constant in Europe (with some disparities
among countries). The share of road investment is higher in Central and Eastern European countries
(CEEC) than in Western European countries (WEC) (Figure 16).

9

http://www.eea.europa.eu/data-and-maps/indicators/infrastructure-investments/assessment
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Figure 16 Investment in inland transport infrastructure as a ratio of GDP 1999-2011 (source:
OECD stat)10
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Figure 17 Road investment in the UK and Poland (in €) (source: OECD stat)
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In Europe, the type of investments differs among countries (see, for example, the United Kingdom and
Poland in Figure 18 and Figure 19).

10

Note: WECs include: Austria, Belgium, Denmark, Finland, France, Germany, Greece, Iceland, Ireland, Italy, Luxembourg,

the Netherlands, Norway, Portugal, Spain, Sweden, Switzerland, Turkey and the United Kingdom. CEECs include: Albania,
Bulgaria, Croatia, Czech Republic, Estonia, FYROM, Hungary, Latvia, Lithuania, Montenegro, Poland, Romania, Serbia,
Slovakia and Slovenia.
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Figure 18 Poland (Investments: Rail, Motorways, Road) (source: OECD stat)
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Figure 19 The United Kingdom (Investments: Rail, Motorways, Road) (source: OECD stat)

19
95
19
96
19
97
19
98
19
99
20
00
20
01
20
02
20
03
20
04
20
05
20
06
20
07
20
08
20
09
20
10
20
11

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%
0%

Rail

3.2
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Demand-side instruments

A wide range of fiscal instruments is applied to road transport use. A purchase tax and registration
fees affect the type and number of vehicles purchased, while fuel prices influence the types of vehicles
in use and the distances traveled. Fiscal impacts depend on the kinds of pricing and actual tax
amounts. Motor vehicle taxes are an effective revenue-generating instrument and major source of
revenue for public budgets (Table 4).
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Table 4 Fiscal revenue generated from motor vehicles in selected European countries (in €
billions, 2011) (source: ACEA)
AT

BE

DK

DE

ES

FI

FR

GR

IE

IT

NL

PT

SE

UK

12.2

17.2

5.7

80.8

27.6

7.1

69

5.6

4.6

67.8

18.7

4.6

10.4

54.3

Each European country implements a different set of policies. Tax rates vary from one country to
another. These significant disparities in taxation practices and fuel taxation rates among Member
States have arisen from historical, social and economic reasons.

3.2.1

Automobile sales pricing schemes

Some policies encourage the improvement of car fuel economy (and the corresponding decrease in
greenhouse gases) by incentivizing motorists to purchase more efficient vehicles. These policies
incentivize new car adoption by rewarding consumers who purchase more efficient vehicles (via a
feebate scheme or scrappage scheme).

A feebate scheme (or "bonus/penalty" system) is essentially a scheme combining the attributes of both
a fee and a rebate. It takes the form of an adjustment to the registration taxes according to car's CO2
emissions. A charge (or fee) is imposed on inefficient technology (FEE-) and a subsidy (rebate) is
awarded for efficient vehicles (re-BATE). This policy is implemented in order to improve vehicle fleet
fuel economy and decrease its CO2 emissions. The system is intended to be self-financing (i.e. the fees
on inefficient vehicles pay for the rebates on efficient ones). Adjusting the pivot point to balance fees
and rebates is a difficult task and crucial to ensuring system sustainability (Bunch et al., 2011).

Figure 20 Idealized Feebate Program (from German and Meszler, 2010)
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Figure 21 Non-continuous Feebate Program (from German and Meszler, 2010)
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A scrappage scheme is aimed at removing older cars from the vehicle stock; it consists of encouraging
car owners to trade in their old cars for a new vehicle by offering a "scrappage premium". This system
directly affects the fleet of older vehicles in circulation.

Many countries implement subsidies or provide fiscal relief so as to stimulate the purchase of fuelefficient cars. For example, Norwegian buyers of electric vehicles (EV) benefit from a VAT (valueadded tax) discount. In other countries (e.g. Belgium and Sweden), EV buyers benefit from income tax
deduction11.

Figure 22 Number of incentive measures in effect across European countries (source: MURE
database)

11

The ACEA (European Automobile Manufacturers' Association) provides an exhaustive overview of purchase and tax

incentives for electric vehicles in the EU: http://www.acea.be/uploads/publications/Electric_vehicles_overview__2014.pdf
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3.2.2

Automobile ownership fiscal measures

This fiscal measure corresponds to an annual tax levied on vehicles for use of the public road network
(the entire basic network or individual road sections)12. The tax rates are based on either engine size,
fuel type or CO2 emissions. According to the European Commission (2012), seven EU Member States
(mostly Central and Eastern European countries) have set up a sticker system (time-based charge) for
private passenger vehicles. Other countries implement distance-based charges (tolls).

3.2.3

Fuel pricing schemes

Implementation of such a fiscal instrument proves to be inexpensive and simple (from an
administrative point of view), thus making it widely used.
Fuel taxes can serve as price signals to motorists regarding the social cost of the externalities they
generate. The short-term effect of a fuel tax hike takes the form of fewer km driven (demand) via the
impact of taxes on the marginal cost of driving (Santos et al., 2010). Longer-term effects include the
purchase of more efficient vehicles and a reduction in car ownership rates.
In many countries, diesel and gasoline taxes are different. The price of gasoline (expressed in €/l) is
generally higher than that of diesel (Figure 23). This tax advantage to promote diesel car sales is
primarily motivated by the early identification that a technology shift from gasoline to diesel cars
provides a way of ensuring significant GHG savings (see Section 1.2).

Figure 23 Gasoline price / diesel price ratio (source: Global Energy)
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12

Note: In some countries (e.g. the U.S.), the road tax is used as a substitute for the fuel tax on electric vehicles.

30

SCelecTRA
Scenarios for the electrification of transport
The prices, in absolute terms, of gasoline and diesel differ from one country to the next. This
difference mainly stems from disparities in taxation practices and gives rise to specific problems, such
as cross-border competition: some motorists regularly fill up abroad, where fuel is cheaper13.

Gasoline and diesel prices have generally been on the rise. Note that other fuels, such as biofuels, are
sometimes exempt from tax. Let's also emphasize that fuel tax and purchase tax have a supply-side
effect: they incentivize manufacturers to produce cleaner and more fuel-efficient vehicles in order to
gain a competitive edge and win market share.

Carbon tax:
Except in Denmark, Finland, Norway, Sweden, the Netherlands and Ireland, CO2 emissions from
passenger cars are not subjected to a carbon tax (Sumner et al., 2009)1415. Once implemented, carbon
taxes tend to remain small compared to fuel taxes.

13

Leal et al. (2009) analyzed the impact produced by the various fuel tax structures of neighboring Spanish regions.

14

In France, the implementation of a CO2 car is still ongoing.
Overview of CO2-based motor vehicle taxes in the EU:
http://www.acea.be/uploads/publications/CO2_tax__overview_2013.pdf

15
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3.2.4

Summary

As shown above, policies produce different impacts:

Vehicle ownership.

X

Vehicle type

X

X

Transit Fares

Parking Fee

Pricing

Congestion

Fixed Toll

Fuel Price

Types of impacts

Vehicle Fees

Table 5 Impacts of various types of pricing formulae (source: Litman, 2013)

X

X
X

Route Change
Time Change

X

X

X

X

Mode Shift

X

X

X

X

X

Destination Change

X

X

X

X

X

Trip Generation

X

X

X

X

Land use changes

X

X

X

Other Policies
The policies described in the previous section are mainly economic instruments. Other types of
policies may be implemented in order to modify purchasing and mobility behavior: command and
control levers (speed limits, LEZ (low emission zone), HOV (high-occupancy vehicle lane), emissions
standards16), collaborative initiatives (PPPs) and communication and diffusion (label) (Table 6).

16

In 2009, the European Parliament approved regulations setting a target of 130 g/km for the new car average by 2015 and

95 g/km by 2020.
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Table 6 Policies (source: Leurent and Windisch, 2011)
Command and Control

Economic Instruments

Collaborative initiative

Communication and
diffusion

33

Demand side

Speed Limit; Low Emission Zones; High Occupancy Vehicle lanes;
Parking access management

Supply side

CO2 emissions standards; Minimum of biofuel content in fuels; Norms
on publicly accessible infrastructure; Obligation of EV charge plug in
buildings

Demand Side

Feebate; Scrapping premium; VAT and income tax reduction; CO2 tax
for used pollutant passenger cars; Annual tax for pollutant vehicles; Fuel
pricing; Road user charge; Parking Pricing; Free access to public
transport

Supply side

Investment in R&D; Investment in infrastructures

Demand side

Public procurement

Supply side

Public Private Partnership; Suppliers consortia

Demand side

"Energy consumption and CO2 emissions" label for new passenger cars;
EU Tyre Label; Information obligation on biofuel content in fuels; Eco
driving training

Supply side

Information obligation on CO2 emissions from transport services; Eco
driving training (for transport professionals)
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4.

Econometrics

Data

4.1

Table 7 provides a rather exhaustive overview of all the factors capable of affecting transport demand.
As previously described, the demand for vehicle travel seems to decrease in response to key driving
forces, including an aging population, wealth distribution, higher fuel prices, a reduced reliance on
passenger vehicles and technological developments such as the Internet or smartphone apps17. We are
unable to take all these variables into consideration in our analysis. Given the available data and our
research subject, we decided to select just a sample of them (indicated below in red).

Table 7 Various factors affecting transport demand (source: Litman, 2013)
Demographics

Commercial
Activity

Number of people Number of jobs
Employment rate Business Activity
Freight transport
Wealth/Incomes
Tourist activity
Age
Lifestyles
Preferences

Transport Options

Walking
Cycling
Public transit
Ridesharing
Automobile
Taxi
Telework
Delivery services

Land Use

Density
Mix
Walkability
Connectivity
Transit service
proximity
Roadway design

Demand
Management
Road use
prioritization
Pricing reforms
Parking
management
User information
Promotion
campaigns

Prices

Fuel

prices

and

taxes
Vehicle taxes and
fees
Road tolls
Parking fees
Vehicle insurance
Public Transport
fares

This study uses a panel of 15 countries over the period 1980-2010. The corresponding database was
compiled from several sources. As presented in Table 8, the data on road traffic, vehicle fleets and
road energy use have been derived from the Odyssee, Global Energy and UNECE databases.
Population data and other socioeconomic variables (urbanization, GDP) were obtained from the World
Bank (downloaded from their Website).

17

Sivak and Schoettle (2012) showed that a higher proportion of Internet users is associated with a lower licensing rate.

Nevertheless, Le Vine et al. (2013) questioned the appropriateness of their methodology and interpretation of results.
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Table 8 Databases
Database

Definition

Period covered

Odyssee

Energy consumption drivers

28 EU member states:

by end-use. Energy efficiency

1990-2011

and CO2 related indicators
Global Energy

Global energy market

UNECE

The

Transport

186 countries: 1970-2012
Statistics

database includes data on road

European countries: 19932012

safety, transport by road and
rail,

inland

water

traffic,

transport infrastructures,…
World Bank data

Global

development

data:

All World Bank member

development

countries (188) and all

collection

of

indicators

compiled

officially

from

recognized

international sources

other

economies

with

populations of more than
30000 (214 total): 1960 2012

Information on transport policies implemented at the national level across European countries was
collected from various sources: the MURE (Rational Energy Use Measures) database18, the ACEA
(European Automobile Manufacturers' Association) Tax Guide 19 , and the OECD "database on
instruments used for environmental policy" 20 . A literature review has also provided helpful
information for building the policy database. The data collection task was complicated by missing or
incomplete information.

18
19
20

http://www.measures-odyssee-mure.eu
http://www.acea.be/statistics/tag/category/statistics-taxation
http://www2.oecd.org/ecoinst/queries/
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A total of 33 variables, providing information on 8 main categories, were ultimately selected, i.e.:

Table 9 Data
Population

Automotive market

Fuels and fuel markets

Total population

Car/1000 inhabitants

Average gasoline consumption

% of rural population

Stock of cars

Average diesel consumption

% of urban population

Stock of gasoline cars and %

Gasoline price

Population density

Stock of diesel cars and %

Diesel price

Road network

Stock of LPG cars and %

LPG price

% of motorways

Stock of CNG cars and %

Price difference between gasoline and

Economics

Stock of electric cars and %

diesel

GDP

Registration of new cars

GDP per capita

Registration of new gasoline cars
Registration of new diesel cars
Registration of new LPG cars
Registration of new electric cars

Dwellings

Policies

Mobility

Total construction dwellings

Fuel tax

Yearly mileage by cars

Scrappage

Yearly mileage by gasoline cars

Feebate

Yearly mileage by diesel cars

Circulation tax

We now turn to the presentation of the descriptive statistics and econometric specifications.

4.2

Econometric specification

This section will present both the data introduced and the underlying econometric specifications. Road
transport demands are estimated using econometric methods. Time-series of EU-15 national vehicle
registration data and/or size/composition statistics and the vehicle stock evolution over time (from
1980 to 2010) serve to estimate the relationship between automobile ownership behavior and a variety
of socioeconomic and policy variables.

According to the discussion presented in previous sections, the factors driving road traffic are mainly
prices, taxes, income, socioeconomic aspects and vehicle characteristics. Yet the influence of these
factors also depends on road transport market maturity, which varies widely among the fifteen
countries identified above. Following this discussion and to take into account the latter criteria (i.e.
differing road transport market maturities), the impact of these variables on road traffic will be
estimated using panel-data econometrics. As detailed below, cross-sectional units of the panel-data
sample correspond to these fifteen countries. Moreover, our panel-data sample is closer to time series
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data than to cross-sectional data; it thus appears suitable to include the lagged dependent variable
among the regressors.

In applying dynamic panel-data modeling techniques, we can propose the following econometric
specification to test for the influence of previously identified road traffic determinants:

, = ∑

 γ

+ ,β + , + ,

ly,

(1)

with t={1980, . . . , 2010} being the period over which road traffic data have been obtained, and
i={Austria, Belgium, Spain, Portugal, Ireland, Denmark, Finland, the Netherlands, France, Poland,
Norway, Sweden, the United Kingdom, Italy, Germany} the fifteen countries considered. ly, is the
logarithm of the i-th country's road traffic demand at time t, , the vector of explanatory variables
summarized in Section 5.1 and, as is typical, ( α, + ϵ, ) the composite error term. Regarding the
dependent variable, ly, , three distinct logarithmic models are presented depending on the variable
chosen to proxy road transport demand: i) the (logarithm of) mobility ( __ !", ), ii) the
(logarithm of) car stock ( lstock_cars, ), and iii) the (logarithm of) new registrations
(lregistr_new_cars, ).
This set-up allows us to express and estimate Equation (1) (see above) in three different ways,
depending on the variable chosen to proxy road transport demand.

The three specifications of Eq. (1) are given as follows:

__ !", = ∑
 0_ !", = ∑

 γ

 1

__ !",

 0_ !",

"23"_425_ !", = ∑

 1

+ ,/ + , + ,

+ ,/ + , + ,

"23"_425_ !",

(2)

(3)

+ ,/ + , + , (4)

The econometric methodology has been explained in detail. The next section will present the estimates
of these three specifications.
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4.3

Estimation results and discussion

The panel-data sample used in this paper to estimate Equations (2) through (4) is a long-panel
dataset21. Moreover, the econometric specifications of Eqs. (2) through (4) are characterized by a
dynamic structure that specifies the dependent variable for an individual (ly, in Eq. (1)) to be partially
dependent on its values during previous periods. Consequently, conventional panel-data estimation
approaches (fixed and random effects models) are not appropriate and hence have not been presented
herein. If the lagged dependent variable is included among the regressors, then the fixed effects would
need to be eliminated by first-differencing rather than mean-differencing22.

Our generic econometric specification (Eq. (1)) thus becomes:

∆ly, = γ∆ly,



+ ∆, β + ∆ϵ,

(5)

where ly, = 7ltot_dist_cars, ,lstock_cars, , lregistr_new_cars, : and ϵ, is now assumed to be
serially uncorrelated (this assumption is testable, see below).

The descriptive statistics of variables used in Eq. (5) are given in the Appendix. The estimation results
of Equations (2), (3) and (4), expressed in first-differences (see Eq. (5)) are presented in Table 10,
Table 11 and Table 12, respectively. Equations (2)-(4), in first-differences, have been estimated using
both the Anderson-Hsiao (Anderson and Hsiao, 1981) and GMM (Arellano and Bond, 1991)
estimators. Table 10, Table 11 and Table 12 only present the GMM estimator (Arellano and Bond,
1991) results since the Anderson-Hsiao (1981) estimator does not pass the endogeneity test. Note that
all estimation results are solely presented in their reduced form, unless otherwise specified.

The (one-step) GMM estimator is also called the Arellano-Bond estimator after Arellano and Bond
(1991), who detailed the implementation steps for the estimator and proposed tests on the assumption
that ϵ, are serially uncorrelated (Cameron and Trivedi, 2005). This estimator can be considered as an
extension of the Anderson-Hsiao estimator. The approach adopted by Arellano and Bond (1991) is
based on the notion that the estimator proposed by Anderson and Hsiao (1981) does not fully utilize
all information available in the sample. Compared to its predecessor, the GMM estimator allows for
more efficient use of information in the dataset by introducing additional lags of the dependent
variable as an instrument. In offering these additional instrumental variables, the GMM estimator
proposed by Arellano and Bond (1991) leads to more efficient estimates 23. For a large T (relative to
21
Long-panel datasets are characterized by a relatively small number of individuals and a relatively long time period (N is
small and ; → ∞).
22

For a general presentation of dynamic panel-data models, see Cameron and Trivedi (2005).

23

This may explain why the Anderson-Hsiao estimator fails the endogeneity test.
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cross-sectional units), the Arellano-Bond method generates many instruments, thus leading to a
potential poor performance of asymptotic results 24 . This argument explains why the number of
instruments has been restricted to ly,

>

and ly, ?.

The quality of regressions presented in Table 10, Table 11 and Table 12 has been verified by the Wald
statistic and specification tests m1 and m2, which are serial correlation tests. m1 and m2 test
respectively for first-order and second-order serial correlations, asymptotically N(0, 1). The null
hypothesis of these tests is that Cov(ϵ,, ϵ, @) = 0 for k = 1, 2 is rejected at a level of 0.05 if P - value

< 0.05. If ϵ, are serially uncorrelated, we would expect to reject at order 1 but not at order 2 (or
higher orders). According to P - values of m1 and m2 tests, this is indeed the case for the majority of
regressions presented. In each case, the P - value of m1 is equal (or very close) to 0.05. We thus reject
the null at order 1 at a level of 0.05. At order 2, ϵ, and ϵ,

>

are serially uncorrelated because P -

values exceed 0.05.

No evidence is derived therefore from these serial correlation tests that the reduced forms of the
estimation results presented in Table 10, Table 11 and Table 12 have been misspecified. Let's now
turn our attention to interpreting these estimates. The three following subsections will discuss the
estimation results output by Equations (2), (3) and (4), as presented using first-differences (see Eq.
(5)) with the Arellano and Bond (1991) estimator in Table 10, respectively. Section 5.3.1 will analyze
the main mobility demand drivers (ltot_dis_cars), whereas Sections 5.3.2 and 5.3.3 will focus
respectively on determinants of the gasoline and diesel fleets (lstock_cars) and on new vehicle
registrations (lregistr_new_cars). Moreover, Sections 5.3.1, 5.3.2 and 5.3.3 will analyze the
determinants of the share of diesel fleet (compared to gasoline) in: i) mobility demand
(lpart_dist_diesel, last columns of Table 10), ii) vehicle inventory (lstock_diesel_cars_pourc, last
columns of Table 11), and iii) new registrations (lregis_new_diesel_pourc, last columns of Table 12).
For the most part, each table presents more than one model for a given dependent variable, depending
on the nature of the selected explanatory variables. Our comments will be directed at the signs and
significance of the coefficients estimated for the most relevant models while using the other model
estimates to check for robustness. Unless otherwise indicated, regression results are presented in
reduced form. These models were chosen with the general-to-specific approach applied to econometric
modeling. As is customary, "***", "**" and "*" respectively indicate 1%, 5% and 10% significance
levels; the (robust) standard errors of the coefficient estimates are reported in brackets. In each
column, the dash "-" means that the variable under consideration has not been included in the model:

24

See Cameron and Trivedi (2005) for more details on this subject.
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the reason for this exclusion is not that the variable coefficient estimate was not statistically significant
at the 10% level, but rather because inclusion as a determinant of the variable of interest was
considered irrelevant.

4.3.1

The determinants of mobility demand and diesel fleet share

Table 10 lists the estimates of determinants for both: i) mobility demand (ltot_dis_cars, first four
columns), and ii) diesel fleet share (lpart_dist_diesel, last two columns).

Let's begin by presenting the results for mobility demand determinants. Regardless of the reduced
form chosen to estimate the relationship between mobility demand and its determinants (columns 1a to
1c), the coefficient of ltot_dis_cars_odysseei, t-1 is positive and statistically significant, thus indicating
a positive influence of the previous mobility demand in country i (ltot_dis_cars_odysseei, t-1) on its
current level (ltot_dis_carsi,t). This intuitive result is applicable regardless of the econometric
specification; also, the coefficient estimate magnitude, which lies between 0.3 and 0.6, tends to
indicate a rather robust effect.
The ltot_dis_cars variable depends on the evolution in vehicle inventory since it corresponds to the
inventory output as well as the average distance (expressed in km) travelled by a car. The difference
between the first two columns of Table 10 (columns 1a and 1b) and the following two columns (1c
and 1d) depends on the way the information relative to vehicle inventory has been taken into account:
the models presented in columns 1a and 1b integrate the car ownership rate (lcar_1000_hab), whereas
columns 1c and 1d simply include vehicle inventory (lstock_cars_odysee) as a potential mobility
demand driver (ltot_dis_cars). These two variables, lcar_1000_hab and lstock_cars_odysee, cannot be
combined in the same model due to a collinearity problem, as the former corresponds to the number of
cars (lstock_cars_odysee) per 1,000 inhabitants.

Regarding columns 1a and 1b, the car ownership rate appears to have a positive effect on the variation
in mobility demand: the coefficient of lcar_1000_hab is in fact positive and statistically significant at
the 1% level. The higher the level of automobile market maturity, the higher the mobility level. It
comes as no surprise then that the coefficient of lgdp_euro_cstt_price_05_capita is statistically
significant at the 1% level and positive in both estimates (columns 1a and 1b), which indicates that
mobility demand also depends positively on economic activity (as measured in terms of GDP per
capita). The final explanatory variable of mobility demand common to regressions 1a and 1b is the
price of gasoline (lprice_gas_tax_incl_ge), which has a negative impact on mobility demand
evolution, as indicated by the negative sign of its coefficient, in becoming statistically significant at
the 1% level. Lastly, household size (lhousehold_size_odysee) and average per-vehicle fuel
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consumption (laverage_con_odyssee) are also negatively correlated with the evolution in mobility
demand, although for some unknown reason (in this case, collinearity is not intuitive), these two
variables cannot be combined in the same reduced-scale model, which explains why only column 1a
includes the household size variable, while 1b only includes average fuel consumption. Though the
negative sign of the laverage_con_odyssee coefficient is rather intuitive (i.e. the higher the average
per-vehicle fuel consumption, the lower the level of road transport mobility), the negative sign of the

lhousehold_size_odysee variable is not so easy to interpret. Would household size exert a negative
impact on the average per-vehicle distance travelled or on vehicle inventory?

Columns 1c and 1d show that vehicle inventory (lstock_cars_odyssee) does have a positive influence
on road transport mobility, which like for the car ownership rate variable (lcar_1000_hab) is rather
intuitive. In models 1c and 1d, the negative impact of gasoline price (lprice_gas_tax_incl_ge) on
mobility demand is still present, and the value of its coefficient equals roughly the same as in models
1a and 1b, thus suggesting a robustness in the estimates of this effect. As for models 1a and 1b,
economic activity remains one of the main determinants of road transport mobility, whether measured
in

terms

of

GDP

per

capita

(lgdp_euro_cstt_price_05_capita,

column

1d)

or

GDP

(lgdp_euro_cstt_price_05_ge, column 1c). Model 1c also indicates the intuitive finding that the
urbanization rate (lurban_pop_pourc_wb) negatively impacts road transport mobility.

With respect to diesel fleet share within road transport mobility (column 1d, Table 10), the main
determinants of its evolution are quite the same as those identified for road transport mobility, as
presented in model 1c. For instance, diesel fleet share (lpart_dist_diesel) is positively affected by the
previous share level (lpart_dist_dieseli,t-1). Let's note however that the coefficient sign of

lurban_pop_pourc_wb has switched to positive and that the (positive) influence of economic activity
is not being measured in terms of GDP (lgdp_euro_cstt_price_05_ge), but instead in terms of GDP
per capita (lgdp_euro_cstt_price_05_capita). Lastly, the gap between gasoline price and diesel price
(lpg_minus_pd_tax_incl_ge) is now exerting a (negative) impact on the evolution in diesel fleet share.
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Table 10: The determinants of mobility demand and diesel fleet share

ltot_dist_cars_odysseei, t-1
lpart_dist_dieseli, t-1
lcar_1000_hab
lstock_cars_odyssee
lgdp_euro_cstt_price_05_capita
lgdp_euro_cstt_price_05_ge
lprice_gas_tax_incl_ge
lpg_minus_pd_tax_incl_ge
lhousehold_size_odyssee
lurban_pop_pourc_wb

ltot_dist_cars
(1.a)
.548***
(.105)
-

ltot_dist_cars
(1.b)
.306***
(.116)
-

ltot_dist_cars
(1.c)
.617***
( .0904)
-

ltot_dist_cars
(1.d)
.621***
(.0934)
-

.415***
(.115)
-

.631***
( .14)
-

-

-

.165 ***
(.0473)
-

.253 ***
(.0606)
-

.342***
(.0981)
-

.336 ***
(.0996)
.226***
(.0405)
-

-.114***
( .0241)
-

-.104***
(.0381)
-

-.464*
(.247)
-

laverage_cons_odyssee

.226 ***
(.0485)
-.116 ***
(.016)
-

-.111***
(.0164)
-

lpart_dist_diesel
(2.a)
.49 **
(.208)

1.31**
(.62)
-

-

-.0375*
(.0196)
-

-.251 **
( .127)

1.59 **
(.715)

2.64***
( 1.02)

-.254*
(.158)
3.98***
(.875)

1.98**
(.91)

3.04***
(.848)

-9.41 ***
(3.43)

366
15

306
14

391
15

391
15

269
12

Wald chi2 (P-value)

1836.18 (0.0000)

866.96 (0.0000)

(0.0000)

5160.57 (0.0000)

641.26 (0.0000)

m1 (P-value)
m2 (P-value)

-2.2395 (0.0251)
.15042 (0.8804)

-1.4007 (0.1613)
.34894 (0.7271)

-2.1366 (0.0326)
.30249 (0.7623)

-2.1424 (0.0322)
.29773 (0.7659)

-2.1146 (0.0345)
1.9511 (0.0510)

_cons

Number of observations
Number of groups

Notes:
- Sample: 12-15 countries (depending on the dependent variable);1980-2010.
- Dependent variable: ltot_dist_carsi,t and lpart_dist_dieseli,t, the log of the i-th country’s annual distance travelled by car (expressed in VKT)
and the corresponding proportion of diesel at time t, respectively.
- The variables used in the regressions are built with the logarithms of the data described in previous Section.
- The standard errors (reported into brackets, unless otherwise indicated) are robust standard errors that
permit the underlying error to be heteroskedastic but do not allow for any serial correlation,
because then the estimator is inconsistent.
- ***, **, * indicate 1%, 5% and 10% significance levels, respectively.
- m1 and m2 are tests for first-order and second-order serial correlation, asymptotically N(0,1) . These test the
first-differenced residuals.

4.3.2

The determinants of vehicle inventory and diesel fleet share

Table 11 lists the estimates of determinants for both i) vehicle inventory (lstock_cars, the first two
columns) and ii) the corresponding diesel fleet share (lstock_diesel_cars_pourc, last two columns). As
opposed to Table 10, we will only briefly comment on the results presented in Table 11 since the
majority of explanatory variables remain the same.

In each model (columns 1a through 1d), the dependent variable (lstock_cars in columns 1a and 1b,

lstock_diesel_cars_pourc in 1c and 1d) is positively influenced by its previous level
(lstock_cars_odyseei,t in 1a and 1b, lstock_diesel_cars_pourc_odyseei,t-1 in 1c and 1d). Let's also note
that both vehicle inventory and its corresponding diesel fleet share are positively driven by: i) the
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evolution in economic activity (as measured in terms of either GDP or GDP per capita), and ii)
population changes (lpop_wb). Otherwise, the price of gasoline (lprice_gas_tax_incl_ge) only
(negatively) affects the evolution in vehicle inventory (lstock_cars, see columns 1a and 1b) and does
not appear to be a determinant of the diesel fleet share (lstock_diesel_cars_pourc, columns 1c and 1d).

Table 11: The determinants of vehicle inventory and the corresponding diesel fleet share

lstock_cars_odysseei, t-1
lstock_diesel_cars_pourc_odysseei, t-1
lgdp_euro_cstt_price_05_capita
lgdp_euro_cstt_price_05_ge
lprice_gas_tax_incl_ge

_cons

Number of groups
Number of observations

m1 (P-value)
m2 (P-value)

lstock_cars
(1.b)
.774***
(.0402)
-

.23 ***
(.0363)
-

-

-.0188*
( .0098)
.191*
(.114)
-3.47 *
(1.88)

lpop_wb

Wald chi2 (P-value)

lstock_cars
(1.a)
.776***
(.0453)
-

lstock_diesel_cars_pourc
(2.a)
-

lstock_diesel_cars_pourc
(2.b)
-

.896***
( .0285)
.213**
(.107)

.803 ***
( .185)
-

.229***
(.0356)
-.0208 **
(.0106)

.184*
(.113)

-2.5 ***
( .383)

-.335
(.273)

1.14***
(.483)
-20.7
(8.29 )

438
15

438
15

419
15

389
15

12151.70 (0.0000)

10397.81 (0.0000)

8920.09 (0.0000)

11562.09 (0.0000)

-2.1202 (0.0340)
1.6352 (0.1020)

-2.1285 (0.0333)
1.6168 (0.1059)

-1.2103 (0.2262)
1.1437 (0.2528)

-1.7644 (0.0777)
-1.0746 (0.2826)

Notes:
- Sample: 15 countries;1980-2010.
- Dependent variable: lstock_carsi,t and lstock_diesel_cars_pourci,t the log of the i-th country’s stock of cars and the corresponding proportion of diesel
vehicules at time t, respectively.
- The variables used in the regressions are built with the logarithms of the data described in previous Section.
- The standard errors (reported into brackets, unless otherwise indicated) are robust standard errors that
permit the underlying error to be heteroskedastic but do not allow for any serial correlation,
because then the estimator is inconsistent.
- ***, **, * indicate 1%, 5% and 10% significance levels, respectively.
- m1 and m2 are tests for first-order and second-order serial correlation, asymptotically N(0,1) . These test the
first-differenced residuals.

4.3.3

The determinants of new registrations and the corresponding diesel fleet share

Table 12 provides the estimates of determinants for both i) new car registration (lregist_new_cars,
first 2 columns) and ii) corresponding share of the diesel fleet (lregist_new_diesel_pourc, last 4
columns).
Columns 1b and 2b present the estimates for reduced-scale models of new car registration
(lregist_new_cars) and diesel fleet share (lregist_new_diesel_pourc), respectively. Columns 1a and 2a
list estimates for the same models yet without any of the policy variables (scrappage, scrappaget-1,

tax_acquisition). Our comments will be limited to the estimates displayed in columns 1b and 2b and
the other estimates will be left as a robustness check.
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Regarding the new registration determinants (lregist_new_cars, column 1b), the coefficient of

lregist_new_cars_odyseei,t−1 is positive, thus indicating a positive influence of the previous level of
registered cars from country i (lregist_new_cars_odyseei,t−1) on the current registration level
(lregist_new_cars).

Not surprisingly, a number of previous determinants identified for both mobility (ltot_dis_cars) and
vehicle inventory (lstock_cars) also have an impact on new registrations (lregist_new_cars), namely:

i) economic activity (lgdp_euro_cstt_price_05_capita) maintains a positive impact on new
registrations (lregist_new_cars), while both ii) the price of gasoline (lprice_gas_tax_incl_ge) and iii)
the percentage of urban population (lurban_pop_pourc_wb) retain their negative influence.

In addition to lprice_gas_tax_incl_ge, two policy variables appear to exert an impact on new
registrations (lregist_new_cars), namely: i) scrappage and ii) tax_acquistion. (scrappage) has a
positive effect while (tax_acquistion) affects new registrations negatively (lregist_new_cars).

Compared to column 1b (in Table 12), the drivers of diesel fleet share in new registration
(lregis_new_diesel_pourc) are mainly the same (see column 2b, Table 12), except for the

tax_acquisition variable, which is no longer statistically significant. Let's note however the positive
effect of scrappaget-1, combined with the negative influence of scrappaget, thus revealing that when a
scrappage policy is adopted in a country at time t-1, its (positive) impact on new car purchases is
limited over time, as shown by the negative coefficient of scrappaget, which also indicates a systemic
overreaction by economic agents to halt their new car purchases just one year after policy
implementation.

More generally, when comparing the policy instruments capable of influencing mobility
(ltot_dis_cars), vehicle inventory (lstock_cars) and vehicle registration (lregist_new_cars), it appears
that while each of these variables is influenced by the price of gasoline (lprice_gas_tax_incl_ge), only
new car registration (lregist_new_cars) is affected by other policy variables, such as scrappage and

tax_acquistion. This result is of critical interest to policymakers since it more or less proves that
economic agents are more sensitive to policy measures when they are required to change their
purchasing behavior rather than their mobility behavior.
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Table 12: The determinants of new registrations and the corresponding diesel fleet share

lregist_new_cars_odysseei, t-1
lregis_new_diesel_cars_pourci, t-1
lgdp_euro_cstt_price_05_capita
lprice_gas_tax_incl_ge
lpg_minus_pd_tax_incl_ge
lurban_pop_pourc_wb
scrappage

lregist_new_cars
(1.a)
.344***
(.0908)
-

lregist_new_cars
(1.b)
.246**
( .0991)
-

1.35***
( .23)
-.238 *
(.139)
-

1.73***
(.297)
-.252**
(.129)
-

-1.68*
(1.003)
-

-2.91**
(1.21)
.0662*
(.0378)

scrappage t-1

-

tax_acquisition

-

lregis_new_diesel_pourc
(2.a)
-

lregis_new_diesel_pourc
(2.b)
-

lregis_new_diesel_pourc
(2.c)
-

lregis_new_diesel_pourc
(2.d)
-

.723***
(.223)
.703**
(.279)
-

.596***
(.106)
1.4***
(.425)
-

.615***
(.11)
1.38***
(.468)
-

.579***
(.112)
1.42***
(.453)
-

.0687**
( .0295)

.118***
(.0275)

.128***
(.0278)

.106***
(.0263)

-

-.0935***
( .0331)
.0603**
( .0274)

-.0952**
( .0419)
-

-

-

.0754**
(.0346)

2.53
( 4.44)

-.0951*
( .0491
6.52
( 4.48)

-1.18*
( .69)

-2.97**
( 1.18)

-2.94**
( 1.29)

-3,004**
( 1.25)

427
15

303
15

311
13

227
13

238
13

227
13

Wald chi2 (P-value)

217.00 (0.0000)

129.76 (0.0000)

1037.88 (0.0000)

191.49 (0.0000)

193.96 (0.0000)

205.35 (0.0000)

m1 (P-value)
m2 (P-value)

-1.9693 (0.0489)
.95417 (0.3400)

-2.1226 (0.0338)
2.4821 (0.0131)

-2.5596 (0.0105)
-1.0256 (0.3051)

-1.5025 (0.1330)
-1.3651 (0.1722)

-1.5803 (0.1140)
-1.192 (0.2333)

-1.4882 (0.1367)
-1.5797 (0.1142)

_cons

Number of groups
Number of observations

-

Notes:
- Sample: 13-15 countries (depending on the dependent variable);1980-2010.
- Dependent variable: lregist_new_carsi,t and lregis_new_diesel_pourci,t the log of the i-th country’s new cars registered (per year) and the corresponding proportion of diesel
vehicules at time t, respectively.
- The variables used in the regressions are built with the logarithms of the data described in previous Section.
- The standard errors (reported into brackets, unless otherwise indicated) are robust standard errors that
permit the underlying error to be heteroskedastic but do not allow for any serial correlation,
because then the estimator is inconsistent.
- ***, **, * indicate 1%, 5% and 10% significance levels, respectively.
- m1 and m2 are tests for first-order and second-order serial correlation, asymptotically N(0,1) . These test the
first-differenced residuals.

45

SCelecTRA
Scenarios for the electrification of transport

Conclusion

In Europe, traffic in general and road traffic in particular constitutes one of the main sources of
greenhouse gas emissions. Transport is among the largest sectors for increasing energy consumption
(the transport sector is the largest consumer of oil products in the EU energy system) and
environmental emissions25 (source: energy baseline to 2030). In 2010, passenger cars represented the
predominant means of transport across all road transport modes, accounting for 84.1% of all land
passenger transport within the EU-27 (Eurostat). In Europe, road passenger transport has reached
4,822.13 Gpkm. The cars providing road transportation services mainly use gasoline and diesel oil (as
LPG, CNG and electricity are only responsible for small shares of total road transportation energy).
Road transport is an undisputed factor of economic growth, yet in a context of scarce energy
resources, further development may pose problems and spark increased interest from policymakers,
who may be swayed to promote low-carbon vehicles in conjunction with demand-side measures, such
as tax incentives. In Europe, despite a Commission proposal, these measures have not been
standardized across Member States. Vehicle and fuel taxation systems, in addition to the underlying
aim pursued by such legislation, differ greatly among countries. This wide array of national tax laws is
often cited as a possible explanation of European car fleet composition, which differs from country to
country.
The modeling of road transport demand has thus become an increasingly pivotal topic in public policy
and the focus of this article.

Methodology
This report proposes analyzing and quantifying the impact of existing environmental regulations and
tax legislation (vehicle type, fuel tax, subsidy, levy, scrappage program) on the size/composition of the
vehicle fleet within various European countries (EU-15).
The time series of EU-15 national vehicle registration data and/or size/composition statistics and
vehicle fleet evolution over time (from 1990 to 2012) are used to estimate the relationship existing
between automobile ownership behavior and a variety of socioeconomic and policy variables.
Road transport demand is estimated using econometric methods. The drivers behind road traffic
mainly consist of prices, taxes, income, socioeconomic effects and vehicle characteristics. Yet the
influence of such drivers also depends on the maturity of the road transport market. To take these latter
criteria into account, a modeling campaign has been run for all 15 European countries composing our
dataset, through the use of dynamic panel data models.

25

The potential for reducing GHG by 60% in the transport industry by 2050 has been cited by the European Commission
(European Commission, 2011).
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Results
We have provided an econometric analysis of mobility demand in the road transport sector within
European countries. The influence of road transport determinants previously presented has been
estimated using the Arellano-Bond estimator (1991). Three distinct models have been presented, with
each depending on the variable chosen to proxy road transport demand: i) vehicle inventory, ii)
mobility (pkm), and iii) new vehicle registrations.
As regards socioeconomic variables, the most important drivers of road transport demand appear to be
GDP per capita (positive effect) and population changes (size and composition between urban and
non-urban areas). The price of fuel always has a negative influence on road transport demand,
regardless of whether this influence has been modeled using any of the three variables: i) vehicle
inventory, ii) mobility (pkm), or iii) new registrations. Scrappage policies also appear to exert an
impact (positive) on road transport demand, but this is limited to new registrations. The other policies
(e.g. a CO2-based car tax, "feebate" systems) do not appear to have any influence. Lastly, dynamic
panel data modeling leads us to conclude that the magnitude of the influence of these road transport
demand drivers differs from one country to the next.

Concluding remarks
Our analysis has investigated the relationship between national passenger car demand and different
variables such as prices, taxes, income, socioeconomic effects and vehicle characteristics. According
to dynamic panel data modeling, this econometric analysis allows estimating the impacts of regulatory
and taxation systems on both individuals' and firms' vehicle choices as well as determining how fiscal
policies influence the size and composition of European nations' vehicle fleets.
This article has addressed the issue of effectiveness in the influence of tax legislation on the carbon
performance of new and old car fleets; moreover, it has sought to determine which variables are the
most important drivers of vehicle carbon intensity throughout the EU. For instance, would these
drivers be generated by the technical characteristics of automobiles, vehicle prices, fiscal legislation
(e.g. vehicle taxes, fuel prices, fuel taxes) or other country-specific socioeconomic variables?
We have thus focused on European consumer sensitivity to economic instruments when buying cars.
These insights prove to be useful in developing appropriate public policies to promote the adoption of
low-carbon vehicles.
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