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Abstract: This paper examines the effectiveness of implementing carbon taxes to reduce carbon
dioxide emissions from transport. Using the system Generalized Method of Moments estimator,
we utilize cross-country analysis for the first time to study the impact of carbon taxes on the
composition of petrol versus diesel passenger cars sold in 17 countries over the period 2013–2017.
The results suggest that increasing carbon taxes affects consumer behavior, causing a significant shift
from petrol to diesel fuel vehicles, controlling for factors such as the price of passenger cars, fuel price,
interest rates, income level, population density, inflation, and vehicle stock.

Keywords: new passenger car sales; carbon tax; climate policy; automobile industry; socioeconomic
factors; GMM

1. Introduction

Climate change is widely considered one of the most important economic and political challenges
of our times. Increasing concentrations of greenhouse gases in the atmosphere are causing rising global
temperatures. The reduction in carbon dioxide (CO2) emissions in a technically and economically
feasible way [1] is increasingly in the interest of governments and is also gaining a substantial role
across economic, environmental, political, and social discussions [2].

In the last decade, the EU has called for a significant reduction in world greenhouse gas emissions,
aiming to limit the increase in average temperature to less than 2 ◦C. This goal was approved and
agreed to by the international community. In 2005, the EU set-up the world’s first emissions trading
system (EU ETS) to combat climate change by reducing greenhouse gas emissions in a cost-effective
way. The EU ETS puts a price on carbon across all 28 EU member states, plus Iceland, Norway,
and Liechtenstein. The biggest scheme to date, it has substantially affected the ongoing global climate
policy debate, carbon-emitting practices, and attracted enormous attention in the literature (for the
recently examined effect of the EU ETS on the economy, see [3]; on stock returns in Germany and UK,
see [4]). Even though the EU ETS has been in place for over a decade, “transport fuels in the EU are
not included in the ETS” [5].

According to European Environment Agency (EEA data) statistics, the transport sector contributed
to 24.4% of total EU-28 greenhouse gas emissions in 2013, 19.4% above 1990 levels. This makes a
substantial reduction in emissions from vehicles an urgent necessity to meet the long-term targets set
in the 2011 Transport White Paper. These targets include a 60% reduction in greenhouse gas emissions
from transport by 2050 compared to 1990 levels. Other targets are a 20% intermediate target reduction
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by 2030 compared to 2008 levels and 20% economy-wide reduction by 2020 compared to 1990 levels.
However, based on EEA estimates, the share of road transport contribution out of Europe’s total carbon
dioxide emissions increased in 2018 to 26.3%, which is 27.3% above 1990 levels. This recent increase
in CO2 emissions was mainly driven by higher oil consumption from vehicle transport. The per-car
average CO2 emissions of new cars sold in the EU increased for the first time since monitoring started
under current EU legislation in 2010. It makes achieving the EU’s 2020 target for emission reductions,
and, to an even greater degree, the target set for 2030, increasingly uncertain [6,7]. Furthermore,
carbon emissions of road transportation accounted for 82% of the EU’s total greenhouse gas emissions,
making the road transport sector the largest contributor of EU greenhouse gas emissions.

Recently, new carbon dioxide emissions standards for cars and vans set in Regulation EU 2019/631
were adopted by the European Parliament and the Council of Ministers and applied starting 1 January
2020 as a condition for vehicle manufacturers to comply with, to support the previously mentioned
reduction targets. However, new policies and measures need to be urgently considered in EU Member
States to decrease transport emissions and meet long-term and intermediate goals. Therefore, it is
nowadays of great significance to study the effectiveness of European transport policies and measures
supporting the greenhouse gas emission from transport reduction targets, and any related insight is
highly policy-relevant. As the automotive sector is the backbone of European industry, providing jobs
to 14.6 million Europeans in 2018 [8], it is essential to seek an efficient policy framework, both for the
sector’s competitiveness and road transport emission reduction perspectives. Particularly, European
Automobile Manufacturers Association (ACEA) calls for assessing various measures to determine their
emission reduction potential, such as carbon dioxide taxation [5].

Beginning with [9] suggesting polluting goods might be taxed, various papers have attempted
to examine the impact of taxes on new car purchases and CO2 emissions (e.g., [10–15]). However,
only a few studies incorporate taxes explicitly within econometric models (e.g., [16]). There is minimal
evidence on the effectiveness and impact of carbon taxes in the European and North American
contexts [17,18], even though carbon taxes have been imposed in various countries in these regions.
Although increasing attention has been paid to new car sales by examining the impact of fiscal policy
tools such as taxes, the majority of current research focuses on a single country, and associated effects
are mixed.

This topic is important to investigate given the importance of the European automotive sector
and the absence of cross-country evidence addressing the influence of imposed or changed carbon
tax levels on the composition of the EU passenger car fleet. We seek to fill the gap in the research
of whether implementing or changing the carbon tax level may help to interpret variations in car
purchasers’ behavior to favor more environmentally friendly types of passenger cars. The impetus
for this research stems from calls in prior literature for additional studies determining the car fleet
emissions reduction potential of carbon taxes [16,17,19]. This paper aims to fill this research gap
and makes several contributions to the research on the impact of fiscal measures on the varying
composition of passenger car sales and new car fleet CO2 emission intensities. First, we observe
changes in consumers’ preferences for the type of motor energy associated with variations in carbon
tax levels by employing cross-country and longitudinal analysis. The sample consists of 17 countries in
the European region covering the years 2013–2017. Second, to the best of our knowledge, we explore
the associations on the most extensive dataset used in this research to date at the European level.

Consistent with [16], consumers’ preferences are measured using the ratio of petrol fuel vehicles
to total new car registrations, diesel fuel vehicles to total new car registrations, and alternative fuel
vehicles to total new car registrations. According to [16], these ratios may be the key to determining the
effectiveness of European policies aiming to reduce greenhouse gas emissions from transport and meet
the related reduction targets. Finally, based on the consistent estimation of the causal effect of carbon
taxes, controlling for price and socioeconomic factors, this paper provides the first empirical evidence
of the identified switching pattern in the proportion of new passenger car purchases. This switching
pattern from less efficient and more carbon-producing petrol fuel cars to more efficient and less
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carbon-producing diesel fuel vehicles across the mentioned country-sample was found to be associated
with the implemented new or increased existing carbon tax, making diesel fuel vehicles more attractive
for new car purchasers. Furthermore, we observed significant effects of vehicle prices, fuel prices,
interest rates, income, and vehicle stock on varying new car fleet structure. Our results have theoretical
and practical implications for academics and policymakers to benefit from our research.

Theoretically, carbon-emitting practices research might usefully include carbon taxes to draw
conclusions about new passenger car fleet emission intensities, controlling for price and socioeconomic
factors. In practical terms, our observed shift from petrol to diesel vehicles was described by [16,20] as
a potentially important indicator for passenger car carbon dioxide emissions. This shift serves as a
proxy for the reduced carbon dioxide emissions intensity of the passenger car fleet, sending a positive
message to policymakers attempting to reduce greenhouse gas emissions from transport.

The next section presents a related literature review. The data and methodology for the empirical
tests are described in Section 2. A summary of the results is in Section 4, followed by concluding
remarks in Section 5.

2. Literature Review

Governments impose taxes as an important policy tool to discourage a range of unfavorable
behaviors [21]. In the case of passenger cars, environmental taxes are used to increase the social cost
of externalities such as carbon dioxide emissions, local air pollution, traffic congestion, and traffic
accidents [17,22]. Vehicle taxes are considered necessary fiscal and policy instruments [10], encouraging
changes in motorists’ purchasing patterns generally in favor of less carbon-emitting vehicles by
increasing prices of carbon-intensive vehicles and firms’ production processes to reduce emissions per
unit [2,16]. While vehicle taxes are not harmonized, most EU countries impose a range of taxes on
automobiles [16,23].

The European Commission has not yet announced the success of supply-side policy instruments
(such as passenger car VA) as hoped to reduce carbon dioxide emissions. Therefore, the impact of
demand-side fiscal measures on car fleet carbon dioxide emissions intensity has become the focus
of related studies [16]. According to the research of [24], a carbon tax is seen from the climate
change perspective as a suitable demand-side fiscal measure, making gasoline more expensive and
incentivizing the switch to vehicles that run on alternative fuels such as electric vehicles.

The concept of the social cost of carbon was first discussed in the 1980s. Since then, several
countries have introduced a carbon tax on vehicle fuel to influence consumers’ choices in favor
of more environmentally friendly types of passenger cars. A fiscal goal is to raise money to fund
government operations, including road building and maintenance. A policy goal of these taxes
is to decrease carbon dioxide (CO2) emissions and transform today’s world into a low-carbon-use
economy [25]. Carbon taxes differ from other consumption taxes, as they are explicitly designed
to reduce environmental externalities and impose a disincentive on fossil fuel consumption [17].
Prior literature suggests that carbon taxes are an effective measure to curb carbon dioxide, but due to
the hot-button nature of taxes, they are seldom mentioned by politicians [21,26].

Beginning with [9] pointing out that polluting goods should be taxed, research on the fiscal
drivers of the varying composition of new passenger car sales and car fleet carbon dioxide emissions
intensity has been primarily conducted as single-country studies (e.g., [12–15,20,27–35]). Giblin and
McNabola [30] pointed out that despite the annual tax revenue shortfall in direct income, introducing
new carbon-based taxes is associated with a carbon dioxide emissions intensity reduction due to a shift
to smaller vehicles and vehicles that run on diesel in Ireland. This finding was later supported by the
study of [13] who observed a similar purchasing pattern of a substantial shift from petrol to diesel cars
in Ireland, as the effect of car owners’ attempts to shift to the lower tax rates.

Motivated by diesel being less carbon-dioxide-polluting than gasoline on average, Broadstock
and Chen [20] sought policy instruments that encourage substitution between gasoline and diesel that
are available to policymakers to reduce the emission-based externalities from road transport in the UK.
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They showed that price factors could affect emissions. However, tax rates were not explicitly used
in the model. Kok [14] examined the phenomenon in The Netherlands, which has the most salient
CO2-based fiscal scheme among the EU Member States, and found CO2-based taxes for company cars
seem to significantly contribute to an observed turnaround in purchasing behavior toward low-carbon
cars. Recently, Yang and Tang [36] provided evidence that tax incentives promote and improve fleet
fuel efficiency in China. Kverndokk et al. [33] studied various policy instruments influencing the stock
of polluting cars in Norway. They found that taxing polluting cars makes emission-free cars relatively
more attractive.

Contrary evidence is provided by [12] who found that a carbon tax has small effects on the average
fuel consumption and CO2 intensity of new cars in France. Givord et al. [12], meanwhile, argue that
the CO2 emissions tax does not fulfill its primary objective of influencing consumers’ behavior to prefer
the purchase of more environmentally friendly passenger vehicles in Africa. Instead, they found that
factor price was the most important criterion to influence consumers’ purchasing decisions, and “green
thinking” was the least important consideration for consumers. Similarly, de Villers and Nienaber [35]
pointed out that fiscal tax policy to penalize polluting cars in Africa did not result in an intended shift
to more fuel-efficient cars [27].

Despite these national studies, little theoretical and empirical work asks how fiscal and other
measures affect new passenger car sales and carbon dioxide emission intensities [16]. Ryan, et al. [16]
attempt to explain changing passenger car sales and carbon dioxide emission intensities by fiscal and
other relevant socioeconomic variables, using the EU15 country-sample over the period 1995–2004.
They contribute to the literature by providing evidence that taxes on cars affect total vehicle sales,
the share of petrol and diesel fuel vehicle sales, and CO2 emission intensities in the EU, in particular, by
finding that supply-side fiscal measures (European VA) have a weaker impact than the demand-side
fiscal measures (vehicle and fuel taxes) on car fleet carbon dioxide emissions reductions. Furthermore,
their results show that fuel price, income, and vehicle and fuel taxes have a significant effect on
consumer vehicle purchasing behavior affecting new passenger car sales. Similarly, Gerlagh et al. [29]
attempted to examine the effect of national fiscal policies on decarbonization of the new car fleet in
EU15 over the period 2001–2010, and [31] in seven European countries over the period 1998–2011.
They suggest that the increase in the fuel tax leads to an increase in the share of more fuel-efficient
diesel cars. Klier and Linn [32] add that carbon dioxide taxes reduced new vehicle registrations over
the period 2005–2010, particularly in Germany, Sweden, and France. Further, prior studies have
determined that various socioeconomic factors such as the price of cars, fuel price, income level,
population density, and vehicle stock are significantly associated with varying car purchasers’ behavior
(see, e.g., [16,28,34]).

Hypotheses

Imposing or increasing carbon taxes likely causes some car purchasers to buy or switch to a
more efficient and less carbon-producing type of vehicle. Considering the review of related studies,
we hypothesize that shifts in newly purchased petrol/diesel/alternative fuel passenger cars are associated
with carbon tax levels. Empirically, these hypotheses imply that:

Hypothesis 1. Changes in carbon tax rates will be negatively related to changes in the proportion of new petrol
fuel vehicles registered.

Hypothesis 2. Changes in carbon tax rates will be positively related to changes in the proportion of new diesel
fuel vehicles registered.

Hypothesis 3. Changes in carbon tax rates will be positively related to changes in the proportion of new
alternatives fuel vehicles registered.
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3. Data and Methodology

The empirical tests examine whether carbon taxes affect new car purchases in 17 Organisation for
Economic Co-operation and Development (OECD) countries from 2013 to 2017, the period when the
required data are available for both the dependent and independent variables. Passenger cars (vehicles,
cars, automobiles, autos) are defined as per [37], “Road motor vehicle, other than a moped or a motor
cycle intended for the carriage of passengers and designed to seat no more than nine persons (including
the driver).” Control variables for the model were selected following [16]. Data were compiled from
publicly available country-level sources, as shown in Appendix A. A description of the data used to
calculate the variables included in the empirical models can also be found in Appendix A.

Panel data models are set in the form of static and dynamic models [38]. It is not appropriate
to estimate the dynamic models using Ordinary Least Squares (OLS), Fixed Effects (FE), or Random
Effects (RE), as they are considered static panel models. It should be noted that the presence of a lagged
dependent variable causes an endogeneity issue. To answer the estimation problems associated with
the static panel models, we used the two-step system Generalized Method of Moments (GMM) dynamic
panel data estimator, developed by [39,40], to examine the association between carbon taxes and the
composition of new car purchases. Implementation of the two-step system GMM estimator addresses
endogeneity bias, as the dependent variable can be correlated with the lag of the dependent variable,
or there could be reverse causality. This estimator has been used in numerous recent environmental
studies [38,41–43]. Moreover, the GMM estimator is applied for small T and large N panels, as we
have a dataset with many countries and few years. On the other hand, we followed the suggestions
made by [44] due to difficulties in choosing appropriate contemporaneous instruments, where the
dependent variable was instrumented with 2 lags. We used the two-step system GMM dynamic panel
data estimator with [45] finite-sample correction (the advanced version of this estimator in STATA
version 13, the ‘xtandond2′ routine, developed by [44], was employed). As our panel data have
missing values, the data were transformed using orthogonal deviations, allowing us to characterize
valid instruments. After estimating the system GMM model, tests for the overidentifying restrictions
and the serial correlations of the residuals were employed using the Hansen J and autoregressive AR
(2) tests, respectively. Low Hansen J-test [46] and AR (2) test results (with high p-values) show that
there is no potential endogeneity and the differenced errors are not serially autocorrelated, respectively.
In addition, the Wald χ2 test helps us to observe the overall model fit.

NCPit = αNCPit−1 + β1CTit + β2Xit + µt + εit (1)

where NCPit is the composition of new car purchases in country i at time t, CT represents carbon
taxes, α, β1, and β2 are coefficients to be estimated, and Xit is a vector of control variables. µt is
the country-specific effect, and εit is the error term, both following the independent and identically
distributed (i.i.d.) processes. The expression NCPt−1 on the right-hand side of the equation is treated
as endogenous and shows a lagged value of the dependent variable, NCP. One of the advantages of
this estimator is that it allows us to eliminate unobserved country-specific effects by taking the first
differences of Equation (1), resulting in Equation (2).

NCPit −NCPit−1 = α(NCPit−1 −NCPit−2) + β1(CTit −CTit−1) + β2(Xit −Xit−1)
′ + (εit − εit−1) (2)

The dependent variable (NCP) was calculated similarly to [16], but with three versions of the
dependent variable: PetrolShare—the proportion of petrol fuel vehicles in new car purchases (NCPPS);
DieselShare—the proportion of diesel fuel vehicles in new car purchases (NCPDS), and AltShare—the
proportion of alternative fuel vehicles in new car purchases (NCPAS). The primary independent variable
(CT) is the average effective carbon tax rate applied as the average fuel excise tax on energy-related CO2

emissions from road transport, in Euro per ton of CO2. As the fuel and carbon taxes are considered
the only policy instruments that can successfully set a price on carbon [47], we used average effective
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carbon tax rates instead of the explicit carbon tax rate. As noted in [47] (p. 2), “The effective carbon tax is
the sum of fuel excise taxes . . . and explicit carbon taxes . . . ” Additionally, while the explicit carbon tax rate
plays a significant role in the non-road sector, the average effective carbon tax rate on road emissions
is the main interest of our study as road transport has stronger carbon price signals due to high fuel
taxes [47].

The control variables shown in Equation (1), Xit, are as follows: Vehicle stock (VS),
vehicle price (VP), income (INC), population density (PD), petrol fuel price (PFP), diesel fuel price
(DFP), and average fuel price (AFP). Vehicle stock refers to the total number of passenger cars in the
country, based on per thousand inhabitants. The vehicle stock measure is taken from [48]. Vehicle price
is the average passenger car price, including tax (in Euros). The vehicle price measure is taken
from [49]. Income corresponds to the gross national income (GNI) per capita, based on constant
2010 US $ converted to Euros, according to the official exchange rate in 2010. The income measure
is taken from [50]. Population density refers to the number of people per square kilometer for each
country, and is estimated as the midyear population divided by land area in square kilometers.
The population density measure is taken from [51]. Inflation corresponds to the consumer price
index, which is measured by the annual percentage change in the cost over time to the average
consumer of gaining a basket of goods and services that consumers pay for. The inflation measure is
taken from [52]. Interest rate refers to long-term interest rates of government bonds maturing in ten
years as measured as the average of daily rates. The interest rate measure is taken from [53]. Petrol,
diesel, and sales-weighted average fuel prices are included in the models, including duties and taxes,
which refers to the most frequently charged fuel price. Petrol, diesel, and sales-weighted average
fuel prices measures are taken from [54,55]. The final sample consists of 17 OECD countries (Austria,
Belgium, Estonia, Finland, France, Germany, Hungary, Ireland, Netherlands, Norway, Poland, Slovenia,
Spain, Sweden, Switzerland, Turkey, United Kingdom) over the period 2013–2017. The summary
statistics and correlation matrix of the variables used in the analysis are shown in Table 1.
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Table 1. Descriptive statistics and correlation matrix.

Variable Obs. Mean S.D. Min. Max. NCPPS NCPDS NCPAS CT VC VP INC PFP DFP AP PD INF INT

PetrolShare 93 0.48 0.13 0.25 0.80 1.00 *
DieselShare 93 0.50 0.13 0.17 0.74 −0.95 * 1.00 *
AltShare 93 0.03 0.04 0.00 0.25 −0.15 −0.18 1.00 *
CarbonTax 89 153.88 65.80 19.55 318.39 0.25 * −0.26 * 0.06 1.00 *
VehicleStock (in thousands) 110 11,309.66 13,293.06 634.60 45,800.00 0.00 0.00 0.02 0.10 1.00 *
VehiclePrice 110 27.47 5.88 19.35 47.28 0.18 −0.30 * 0.36 * 0.46 * −0.09 1.00 *
Income 110 33.43 18.89 9.25 89.27 0.17 −0.26 * 0.25 * 0.46 * −0.04 0.90 * 1.00 *
PFuelPrice 110 1429.15 108.28 1290.78 1573.24 −0.21 * 0.24 * −0.09 −0.75 * −0.02 −0.19 −0.18 1.00 *
DFuelPrice 110 1282.75 121.17 1123.29 1445.59 −0.20 0.22 * −0.07 −0.75 * −0.02 −0.18 −0.18 1.00 * 1.00 *
AvgPrice 98 1350.78 111.38 1167.73 1541.11 −0.03 0.06 −0.08 −0.71 * −0.03 −0.13 −0.12 0.98 * 0.98 * 1.00 *
PopDensity 110 137.82 119.42 13.91 508.50 0.37 * −0.32 * −0.15 0.19 0.32 * 0.01 0.17 −0.01 −0.01 0.05 1.00 *
Inflation 110 1.17 1.92 −1.14 11.14 −0.11 0.08 0.10 −0.04 −0.02 −0.05 −0.17 0.01 0.03 0.00 −0.03 1.00 *
Interest rate 110 2.22 2.22 −0.36 11.43 −0.30 * 0.27 * 0.09 −0.31 * −0.03 −0.40 * −0.53 * 0.31 * 0.31 * 0.23 * −0.16 0.68 * 1.00 *

* Correlation is significant at the 0.05 level.
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4. Results

In all three models, the dependent and independent variables were transformed using natural
logs before the GMM estimation. Interpreting the models requires consideration of the elasticity
of the dependent variables with respect to the independent variables. The coefficients represent
the percentage change in the dependent variable due to a 1% change in the independent variables.
The results of the empirical tests are shown in Table 2.

Table 2. System generalized method-of-moments (GMM; Arellano–Bond) estimates.

Model 1
(PetrolShare)

Model 2
(DieselShare)

Model 3
(AltShare)

CarbonTax −0.321 **
(0.003)

0.264 *
(0.025)

−1.499
(0.128)

VehiclePrice −0.656 **
(0.002)

−0.0457
(0.924)

4.459
(0.050)

Income 0.345 **
(0.002)

−0.0504
(0.764)

−0.523
(0.514)

PFuelPrice −1.450 *
(0.019)

DFuelPrice 1.012 ***
(0.000)

AvgFuelPrice 0.876
(0.738)

PopDensity −0.043
(0.149)

0.0121
(0.767)

0.0643
(0.806)

VehicleStock 0.048 **
(0.009)

−0.00522
(0.873)

0.0218
(0.913)

Inflation 0.001
(0.916)

−0.0138
(0.305)

−0.108
(0.288)

Interest rate 0.097 *
(0.029)

−0.00840
(0.835)

0.203
(0.509)

LagPetrolShare 1.423 ***
(0.000)

LagDieselShare 1.194 ***
(0.000)

LagAltShare 0.459
(0.174)

Observations 47 47 47
Number of Countries 17 17 17
Number of
Instruments 16 16 16

Wald χ2 7868.0 *** 86,804.3 *** 332.4
AR(1) 0.177 0.0824 0.265
AR(2) 0.545 0.266 0.224
Hansen J-test 1.55 13.00 10.74
Hansen (p-value) 0.907 0.023 0.057

* p < 0.05, ** p < 0.01, *** p < 0.001.

The Wald χ2 test for the overall model holds in Models 1–2 (p < 0.05). The Arellano–Bond test for
AR(2) in Models 1–2 suggest that serial correlation is not a concern (p-values ranging from 0.224 to
0.545). The Hansen J-test of over-identification of the system GMM instruments in Models 1 does not
reject the null that the instruments are uncorrelated with the error term (p = 0.907), confirming the
validity of the instruments used in the system GMM estimation. The number of instruments does not
exceed the number of countries (i.e., 16 < 17). All specifications contain a constant, lagged dependent
variable (t–1), and year dummies (not shown). All variables are in logs. Windmeijer-corrected standard
errors are in parentheses.



Energies 2020, 13, 4631 9 of 15

In Model 1, where the dependent variable is the proportion of petrol fuel cars in new car
registrations, carbon taxes have a negative and significant effect. A 1% increase in carbon taxes caused
a 0.321% decrease in the proportion of petrol vehicles. In Model 2, where the dependent variable is
the proportion of diesel fuel cars in new car registrations, carbon taxes have a positive and significant
effect. A 1% increase in carbon taxes caused a 0.264% increase in the proportion of diesel vehicles.
We can conclude that carbon taxes influence consumer behavior, causing switching from petrol fuel to
diesel fuel vehicles. Two characteristics of diesel fuel vehicles can explain this finding. They are more
efficient, using less fuel per kilometer driven [56,57], and diesel cars produce fewer carbon emissions
per kilometer driven [16,56,57]. In 2017, the carbon emissions from diesel vehicles were 13% less than
petrol vehicles when driven the same distance, according to [14]. As carbon taxes increase, this makes
diesel cars more attractive.

Increases in average passenger car vehicle prices caused a significant decrease in the proportion
of petrol fuel vehicles. A 1% increase in average vehicle price caused the proportion of petrol cars to
decrease by 0.656%. This substitution of alternative fuel vehicles for petrol vehicles could be due to
a narrowing difference in price between alternative fuel vehicles and other vehicles [58]. When the
prices of petrol fuel vehicles increase, alternative fuel vehicles become more attractive for some buyers,
particularly considering the total cost of ownership.

Income is positively related to the proportion of petrol cars purchased. As income increases,
the cost of operating a vehicle becomes a smaller percentage of disposable income. If fuel price becomes
a less important criterion in the vehicle purchase decision, other characteristics such as vehicle range
and the availability of fueling stations might become more important to car buyers. These are two
areas where petrol cars still have a significant advantage over many alternative fuel vehicles.

The price of petrol fuel is negatively related to the proportion of petrol fuel vehicles purchased.
A 1% increase in the price of petrol fuel caused a 1.450% decrease in the proportion of petrol vehicles.
As fuel prices are a significant portion of the total cost of ownership [59], increasing prices cause a
shift to more efficient vehicles and those that operate on less costly fuel, such as diesel and alternative
fuel vehicles.

The price of diesel fuel is positively related to the proportion of diesel fuel vehicles purchased.
A 1% increase in the price of diesel fuel caused a 1.012% increase in the proportion of diesel vehicles.
The correlation between petrol and diesel fuel prices is greater than 0.99 (p < 0.001). On average,
when petrol fuel prices increase, diesel fuel prices also increase. Therefore, increasing fuel prices
make diesel vehicles more attractive, due to their relative efficiency. Fuel price, however, was not
significantly related to the proportion of alternative fuel vehicles purchased.

Vehicle stock was positively related to the proportion of petrol vehicles purchased, which suggests
that in larger and better-developed markets, petrol vehicles maintained their popularity in the sample
period. Interest rates were likewise positively related to the proportion of petrol vehicles purchased.
Increased interest rates increase the cost of purchasing vehicles partially or wholly financed. When the
prices of all vehicles increase similarly, petrol fuel vehicles might be more attractive due to their average
lower cost [59]. None of the other variables included in the models were significant except for the
lagged versions of the dependent variables.

In additional untabulated results (results were submitted to the reviewers and are available from
the authors), the empirical tests were performed on countries in the sample that are members of the EU
Emissions Trading System (EU ETS). The results are substantively equivalent for the main variables of
interest, carbon tax rates. In addition, they are similar for fuel prices.

5. Concluding Remarks

Taxes are a powerful tool in the policymaker’s toolbox. Behavior can be influenced by new taxes,
or by small changes in existing tax rates. Small changes in behavior across an entire population can
lead to large-scale change. One suggestion for reducing carbon emissions is implementing new carbon
taxes and increasing existing carbon taxes. Research on the determinants of car purchases has mainly
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revolved around the various socioeconomic factors while ignoring the role of carbon taxes at the
cross-country level. Building on prior studies at the single country level, we hypothesize that carbon
taxes are negatively associated with a shift in petrol car purchases, and positively associated with a shift
to diesel and alternative fuel vehicles. Using country-level data across 17 countries from 2013 to 2017,
we find strong support for a negative association between carbon taxes and new petrol car registrations,
and a positive association between carbon taxes and a shift to diesel cars. Therefore, the findings
provide support for Hypothesis 1 and Hypothesis 2. The findings do not support Hypothesis 3.
Our findings show that these changes in tax rates influence consumer behavior, causing buyers to
switch from petrol fuel vehicles to more efficient and less carbon-producing diesel fuel vehicles. On the
other hand, it is argued by [60] that replacing gasoline cars by diesel cars reduces carbon emissions at a
higher social cost, because diesel cars produce more conventional pollution such as a higher emission
of particulates, even though they generate fewer greenhouse gases. Therefore, diesel fuel vehicles
are often recognized as an outdated technology [61], and have started to be banned in countries like
France, Belgium, and Germany [62]. However, “Pro-diesel protesters” in Germany recently protested
against forthcoming diesel driving bans [62]. Our findings can partly explain the reason behind the
protest in those countries. Regulators can use these results as support for the efficacy of carbon taxes.

The relevant control variables were added based on previous research on country-level car
registrations. Further research could include psychological variables in the model, which might help
explain shifts in car purchasing behavior related to less or more efficient and carbon-emitting vehicles
in the European region. One limitation of the current study is that there might be other unaccounted for
psychological variables that could influence car purchasing behavior. More specifically, car purchasing
behavior seems to depend on many unobservable factors such as an inner feeling of obligation
(personal norm) and symbolic motives (expressed as the social status through cars), which stems from
social psychology and economic psychology disciplinary fields [63]. However, if the aforementioned
variables are stable through time, it can be considered that they are mainly captured by the fixed effects.
Therefore, future studies should take into consideration the impact of other relevant variables that
change across countries and over years that are not captured in our model.

Another limitation of the papers stems from possible reverse causality and endogeneity. In practice,
implementation of carbon taxes can be adjusted based on the number of car registrations. In addition,
consumers’ car purchasing behaviors, and, subsequently, the design of the tax law related to carbon
emissions, may change. The direction and dynamic nature of the relationship between carbon taxes
and car purchasing behavior must be identified. Although most reverse causality and endogeneity
issues were ruled out by employing the GMM estimator, they were not fully ruled out, due to the
lack of data. Future research on car purchases can explore alternative measures of carbon taxes at the
cross-cross country level.

Future research might also deal with the problem of negative externalities from the manufacturing
of more resource-intensive electric vehicles that were recently shown to be higher than for
gasoline-powered vehicles [64,65]. The higher resource-intensiveness of electric vehicles mainly
stems from used materials such as copper, aluminum, lithium, and others to build batteries.
Finally, we encourage researchers to also determine the ability of electric cars to reduce the gasoline
consumption, to judge the prospect of electric cars as a relevant climate change solution [24].
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Appendix A. Data Description and Sources

Variable Description Source/Formula URL

Petrol Registrations P = Number of new car registrations where fuel type is petrol Ref. [66]
https://appsso.eurostat.ec.europa.eu/nui/submi
tViewTableAction.do

Diesel Registrations D = Number of new car registrations where fuel type is diesel Ref. [66]
https://appsso.eurostat.ec.europa.eu/nui/submi
tViewTableAction.do

Alternative Fuel Registrations A = Number of new car registrations where fuel type is other Ref. [66]
https://appsso.eurostat.ec.europa.eu/nui/submi
tViewTableAction.do

PetrolShare Proportion of new car registrations where fuel type is petrol P/(P + D + A)

DieselShare Proportion of new car registrations where fuel type is diesel D/(P + D + A);

AltShare Proportion of new car registrations where fuel type is other A/(P + D + A);

CarbonTax Average effective carbon tax rate (Euros per ton of CO2) Refs. [67,68]
https://doi.org/10.1787/888934009121;
https://www.oecd-ilibrary.org/taxation/taxing-
energy-use_9789264183933-en

VehicleStock Total stock of passenger cars Ref. [48]
https://appsso.eurostat.ec.europa.eu/nui/show.
do?dataset=tran_r_vehst&lang=en

VehiclePrice Average price (including tax) of passenger cars (in Euros) Ref. [49] http://eupocketbook.org/tables/

Income GNI per capita in constant 2010 US$ converted to Euros Ref. [50]
https://data.worldbank.org/indicator/NY.GDP.
PCAP.KD

Inflation Inflation as measured by the consumer price index Ref. [50]
https://data.worldbank.org/indicator/FP.CPI.TO
TL.ZG

Interest rate
Long-term interest rate measured as average daily interest rates
of government bonds maturing in ten years

Ref. [53] https://doi.org/10.1787/662d712c-en

PopDensity Population density (per sq. km of land area) Ref. [51]
https:
//data.worldbank.org/indicator/EN.POP.DNST

PFuelPrice Petrol fuel price including taxes Ref. [54]
https:
//ec.europa.eu/energy/observatory/reports/

DFuelPrice Diesel fuel price including taxes Ref. [55]
https://ec.europa.eu/energy/observatory/report
s/latest_prices_with_taxes.pdf

AvgFuelPrice Sales-weighted average fuel price (PFuelPrice × PSales + DFuelPrice × DSales)/(PSales + DSales)

https://appsso.eurostat.ec.europa.eu/nui/submitViewTableAction.do
https://appsso.eurostat.ec.europa.eu/nui/submitViewTableAction.do
https://appsso.eurostat.ec.europa.eu/nui/submitViewTableAction.do
https://appsso.eurostat.ec.europa.eu/nui/submitViewTableAction.do
https://appsso.eurostat.ec.europa.eu/nui/submitViewTableAction.do
https://appsso.eurostat.ec.europa.eu/nui/submitViewTableAction.do
https://doi.org/10.1787/888934009121
https://www.oecd-ilibrary.org/taxation/taxing-energy-use_9789264183933-en
https://www.oecd-ilibrary.org/taxation/taxing-energy-use_9789264183933-en
https://appsso.eurostat.ec.europa.eu/nui/show.do?dataset=tran_r_vehst&lang=en
https://appsso.eurostat.ec.europa.eu/nui/show.do?dataset=tran_r_vehst&lang=en
http://eupocketbook.org/tables/
https://data.worldbank.org/indicator/NY.GDP.PCAP.KD
https://data.worldbank.org/indicator/NY.GDP.PCAP.KD
https://data.worldbank.org/indicator/FP.CPI.TOTL.ZG
https://data.worldbank.org/indicator/FP.CPI.TOTL.ZG
https://doi.org/10.1787/662d712c-en
https://data.worldbank.org/indicator/EN.POP.DNST
https://data.worldbank.org/indicator/EN.POP.DNST
https://ec.europa.eu/energy/observatory/reports/
https://ec.europa.eu/energy/observatory/reports/
https://ec.europa.eu/energy/observatory/reports/latest_prices_with_taxes.pdf
https://ec.europa.eu/energy/observatory/reports/latest_prices_with_taxes.pdf
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