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I. Introduction

The taxation of gasoline plays a significant role in shaping government revenues and
consumer behaviour within the transportation sector. Different countries employ varying
levels of gasoline taxes, see Table 1. Parry and Small (2005) compared gasoline tax levels
between Britain and the United States. They were able to explain thirteen per cent of the
differences in gasoline taxes between these two countries based on efficiency grounds. This
thesis aims to investigate another possible explanation for the remaining variations in tax

policies between countries, the influence of the fuel efficiency of a country's car fleet.

Table 1. Gasoline prices, taxes and the percentages of the prices

Country Gasoline price Gasoline tax Tax % of the

Euro per litre of gasoline  Euro per litre of gasoline price

Germany 1.76 0.92 52.27
Spain 1.52 0.72 47.37
Bulgaria 1.24 0.56 45.16
Czechia 1.48 0.77 62.10
Netherlands 1.99 1.15 57.79
Denmark 1.84 0.98 53.26
Slovenia 1.35 0.66 48.89

https://www.statista.com/statistics/937796/pump-price-and-tax-of-petroleum-per-liter-by-country-eu/

Note: the gasoline prices and taxes as of February 14, 2022.

Table 1 clearly shows the variations in gasoline taxes among European Union
countries. These countries were selected due to their diverse range of tax policies and other
specific characteristics, like Eastern and Western countries and small and big countries. This
thesis primarily focuses on analysing the taxes rather than the prices of gasoline. From the
information presented in column 3 of table 1, it is evident that the taxes imposed on gasoline
make up a significant proportion of the total gasoline price. When deducting the tax from the
total price, it is clear that there is a small variation in the pre-tax gasoline prices. This small
variation in pre-tax gasoline prices across the European Union can partly be attributed to the

fact that oil prices are determined by the global market.


https://www.statista.com/statistics/937796/pump-price-and-tax-of-petroleum-per-liter-by-country-eu/

Several studies have explored the economic and distributional impacts of gasoline
taxes. Bento et al. (2009) and Li et al. (2014) have researched the elasticity of the gasoline
market. Both studies have found that as gasoline taxes increase, consumers tend to buy more
fuel-efficient vehicles. Li et al. additionally found that this relationship becomes stronger in
the long run, suggesting that individuals may be more responsive to tax changes than to
price fluctuations. This could be attributed to the perception that tax adjustments signify

longer-term shifts, which provide stronger reactions from consumers.

However, there is still a need to fully understand the influence of the fuel efficiency of
a country's car fleet on its gasoline tax policies, particularly in the context of the variations in
tax levels between countries. By investigating this relationship, this thesis aims to provide
insights into the factors driving differences in gasoline tax policies and their potential
implications. Understanding the variations in gasoline tax policies between countries is

crucial for policymakers and stakeholders.

Allcott and Wozny (2014) found that people in the United States take into account the
future gasoline taxes when buying a new car. So again the tax is of importance within the
gasoline price. So there is already done some research to the relationship between gasoline
taxes and a country’s car fleet. It is therefore important to keep in my mind that reverse

causality could be a problem.

By analysing an existing model and conducting empirical analyses, this study seeks to
contribute to the ongoing discourse surrounding gasoline taxation, providing policymakers
with valuable insights into the potential implications of varying gasoline tax policies. The
findings from this research can inform discussions around tax reform, economic efficiency,

and revenue generation within the transportation sector.



II. Theoretical model

Delfgaauw and Swank (2023) have developed a model of fuel taxes that tries to contribute to
the understanding of the relationship between tax policy, vehicle choice, and environmental
outcomes. They provide a detailed analysis of the " Gasoline Climate Trap" - a phenomenon
where high levels of gasoline consumption hinder the adoption of fuel-efficient vehicles. The
authors introduce two main equilibria to explain this trap: the low tax equilibrium and the

high tax equilibrium.

The low tax equilibrium proposes that lower taxes on fuel do not encourage
consumers to buy larger, more fuel-efficient cars. This leads to more cars with high fuel
consumption and subsequently higher carbon emissions. The model highlights the role of tax
policies in consumer behaviour and its impact on the environment. Delfgaauw and Swank
(2023) suggest that governments should consider raising fuel taxes to discourage the

purchase and use of inefficient vehicles.

In contrast, the high tax equilibrium model suggests that high taxes on gasoline
encourage people to buy fuel-efficient vehicles, so environmentally friendly choices.
According to this equilibrium, higher taxes are an economic incentive to buy and use efficient
fuel vehicles. By imposing higher taxes on gasoline, governments can create economic
incentives for consumers to switch to fuel-efficient cars, ultimately reducing the

environmental impact of transportation in a country.

Delfgaauw and Swank's study indicates that there exist two possible equilibria in a
country, the low- or high-tax equilibrium. By examining research in these two contrasting
equilibria they shed light on the complex interaction between taxes and consumer behaviour,
regarding what car to buy. The study does not say anything about a one-sided relationship,

which also highlights the concern about reverse causality.

So, Delfgaauw and Swank's paper contributes to our understanding of the
relationship between tax policy, vehicle choice, and environmental outcomes. They
emphasize the dependence of private investments, such as vehicle purchases, on public
policies and future policy expectations. This highlights the relevance of investigating the

relationship between the fuel efficiency of a country’s car fleet and its gasoline taxes.



III. Dataset

Sample

The primary objective of this study is to investigate the association between the fuel
efficiency of a country's car fleet and the tax rate imposed on gasoline within that country.
This investigation encompasses all the nations that constituted the European Union during
the year 2022. The investigation focuses on the years 2018-2022, encompassing the period
before, during, and after the COVID-19 pandemic. It is worth noting that Great Britain is
excluded from the sample, despite its previous membership in the European Union before

2021.

It is important to highlight that there is a lack of data regarding the car fleet of Malta,
resulting in its exclusion from the samplel. As a consequence, the final sample for analysis
consists of 26 countries. Another limitation of the data is that access is restricted to only five

years’ worth of data. This limitation arises from the time constraints of this bachelor’s thesis.

Data collection

This research necessitated a substantial amount of data acquisition. Specifically, data
on the car fleet composition, tax rates, and population density of the countries within the
sample were important. The population density was important as it could potentially serve
as an instrumental variable in a two-stage least squares instrumental variable regression (2sls

IV regression).

In considering alternative instrumental variables, the availability of public transport in
a country seemed a suitable instrument. Barla et al. (2004) analysed already the relationship
between gas emissions and various factors, including transit accessibility. Their study
concluded that the increase in transit accessibility is one of the two most efficient strategies
to reduce gas emissions. Kim and Kim (2004) investigated how public transport affects
automobile ownership and miles driven in the USA. They conclude in their paper that

increasing access to public transport ensures lower car ownership and fewer miles driven.

1 Malta is not such an important country in the EU that the drop of this country out of the sample will probably
not drastically change the results.



These two papers show the correlation between the accessibility of public transport
in a country and car ownership and driving habits in this country. It is therefore reasonable
that there is also a relationship between the availability of public transport and how fuel-
efficient people drive. When individuals have better access to public transport, their need for
larger, less fuel-efficient cars is diminished, as they rely less on private vehicle travel. So this
could also be a suitable instrument.

Car fleet

The main challenge of this research was creating a decent measurement of the car
fleet of all 26 European Union countries. The first step was gathering information about the
top 10 car models sold in each country. Two sources were utilized for this purpose. For

France and Germany, the website Carsalesstatistics (https://www.best-selling-cars.com/) was

specifically employed due to its availability of complete top 10 lists for both countries, along
with corresponding sales figures. Notably, both websites used in this research largely

featured the same popular car models sold in these two countries.

The primary source was Bestsellingcarsblog (https://bestsellingcarsblog.com/), which

provided data on the 10 most sold car models for the remaining 24 countries for almost
every year. It took some time to find out the top 10 for the remaining 24 countries on this
website because this site had only the information in a text and not a complete list. This also
caused that the sales figures were not available for these countries, which is important in
further steps of defining the car fleet. In cases where the top 10 data was incomplete for
certain years, an effort was made to include as many cars as possible?. It was challenging to
gather all the necessary information, therefore it is important to note that there could be

some errors in the dataset due to possibly misplacing some models.

The subsequent step in defining the car fleet involved acquiring information on the
fuel consumption of each car model. To achieve this, the ANWB website

(https://www.anwb.nl/auto/tests-en-specificaties?icp=auto algemeen-V1B navblok 2 2.2)

was utilized. This resource enabled the identification of the fuel efficiency for each car model

2 The minimum number of car models found is four, most of the time, there was information about 6 to 10 car
models.


https://www.best-selling-cars.com/
https://bestsellingcarsblog.com/
https://www.anwb.nl/auto/tests-en-specificaties?icp=auto_algemeen-V1B_navblok_2_2.2

listed in the document. Fuel efficiency was measured by the number of litres of gasoline

required by the factory specification of each car model to travel 100 kilometres.

The factory specification was chosen as a reliable measure, as individuals who select
a car based on fuel consumption are likely to be informed of this value by the car
salesperson?. For almost every car there were multiple versions of the car with most of the
times a different fuel consumption. In all those cases where different versions of a car model
were available, the average fuel efficiency value per model was calculated. For electric cars,

the fuel efficiency value was recorded as zero, which will be explained later on.

The next step in defining the car fleet for each country involved assigning weights to
every position in the top 10 list of the most sold car models. This was important due to the
varying degrees of significance among the cars in the list. The weight assigned to each car is
determined based on its sales performance, ensuring that the most sold car carries a greater
weight compared to the car ranked 10th, as it has a higher sales volume. As previously
mentioned, only for France and Germany the number of cars sold was determined for all
years in the dataset. This information is used to calculate the percentage of total sales for

each model. This is done for both countries.

So to ensure representative weights, for both countries separated the average
percentage for each position across all years was calculated, see table 2.1. Subsequently, the
average was taken for pairs of positions*, such as the most-sold car model with the second-
most-sold car model, the third and fourth-most-sold car models, and so on, see table 2.2
columns 2 and 3. Finally, the average of both countries for these outcomes was computed. As
a result, every pair of cars, has its own weight, see table 2.2 column 4. The first two cars on
the list have the same weight, the third and fourth most sold cars have their weight, and so

forth>.

3 The expected fuel consumption of the car models will be higher, but this will be higher for every car, so it does
not make a big difference.

4 This is done out of convenience but the differences between the positions are small enough to not make a big
difference in the final results.

5 A robustness check (see the results section) is done to validate these weights.



Table 2.1. Percentage of the total sales per car model for France and Germany

Car model position France Germany

1 5.06 4.63
2 4.40 2.22
3 3.90 2.05
4 3.60 1.89
5 3.27 1.79
6 2.97 1.68
7 2.74 1.61
8 2.39 1.53
9 2.06 1.48
10 2.02 1.44

Table 2.2. Weights per pair of positions

Car model position  France Germany Final weights given in all countries

1-2 0.473 0.343 0.408
3-4 0.375 0.197 0.286
5-6 0.312 0.174 0.243
7-8 0.257 0.157 0.207
9-10 0.204 0.146 0.175

Note: | multiplied all the weights by 10, so that the final values for the fuel efficiency
are bigger than 1, this is purely out of convenience.

In the final step to value the car fleet of each country per year, each car’s fuel
consumption was multiplied by its corresponding weight, and the total fuel consumption was
divided by the number of cars found for that year. It is worth noting that some countries
included electric cars in their top ten. As mentioned before, for these electric cars, the fuel
efficiency value was recorded as zero. The choice for giving these electric cars a value of zero
and not counting them towards the fuel efficiency of a country is made because of the small
influence these cars have on the total car fleet of a country. The small influence is due to the

relatively small share of electric cars in the dataset.



The dataset now includes information on the most sold cars for each country, year by
year. So this provides information into the fuel efficiency of a part of the new cars in the
countries. However, it is important to note that individuals mostly use their cars for more
than one year. To account for this, a variable is created representing the average fuel
efficiency over the years, reflecting the composition of the car fleet in 2022. From now on
this variable is called the stock fuel efficiency of 2022, assuming that cars purchased in 2018
are still part of the car fleet in 2022. This means that individuals use their car for a period of
approximately four to five years, depending on the purchase date in 2018. The same variable

is created for 2021.

While this is a reasonable assumption, it is crucial to ensure the robustness and
consistency of the results. To address this, a robustness check is done, the results of this
check are displayed in table 4 of the results section. In this robustness check, each year has
got another weight, for the reason that it is a possibility that the cars bought from 2018 to

2021 are not part of the car fleet anymore in 2022.

Composition of the car fleet
Figure 1 displays two clustered column diagrams. Figure 1.1 represents the stock fuel

efficiency of 2022 and 2021, considering the assumption that individuals own their cars for
multiple years. The analysis reveals that there is relatively little variation between the two
years, indicating a relatively stable fuel efficiency trend. The stock fuel efficiency of 2021 will
have limited relevance in the analysis due to the inclusion of more recent data from 2022. As
the most recent year in the dataset, the fuel efficiency values from 2022 hold greater
significance and provide a more up-to-date understanding of the current state of fuel
efficiency. Additionally, it is worth noting that for the stock variable of 2021, there are in the

data only three years prior to the reference year.
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Figure 1.1. Fuel efficiency during the period 2022-2018
Stock variables

In the clustered column diagram in figure 1.2, the focus shifts to the most sold cars
for each year. This representation illustrates that the fuel efficiency values show greater
fluctuations when considering the specific cars that were popularly purchased each year. The
contrasting patterns between the two diagrams highlight the importance of the stock
variable of 2022. While the stock fuel efficiency remains relatively consistent over multiple
years, the varying composition of the most sold cars leads to more pronounced fluctuations
in fuel efficiency values. The stock fuel efficiency seems to be more realistic regarding the car

fleet of a country, which ensures that this variable will be used the most in this research.
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Figure 1.2. Fuel efficiency during the period 2022-2018
Flow variables

Figure 2 is presented to illustrate the variation in stock fuel efficiency in different

countries, in particular, accounting for the addition of electric vehicles to provide a clear



explanation as to why electric vehicles were not considered in this study. As mentioned
earlier and shown in Figure 2, the impact of electric vehicles is relatively small on the overall
car fleet. Only a few countries show differences in fuel efficiency when looking at electric
cars. The small selection of electric car owners want probably higher tax rates as it would
give them a greater advantage compared to the others and it will encourage more people to
buy electric cars. However, the selection is that small, they lack the political influence to
shape taxation policies, because the median voter is still the owner of a gasoline-powered

car.

Following this preliminary argument, this study aims to investigate the relationship
between the fuel efficiency of a country’s car fleet and fuel taxes and consequently electric
vehicles are not considered necessary in this particular examination of the relationship. Thus,
with the research objective in mind, there are two reasons for excluding electric vehicles

from this empirical study.
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Figure 2. Stock fuel efficiency 2022 with and without
electric cars

Tax rates
The second component of data acquisition involved obtaining the tax rates imposed

on gasoline for each country. To accomplish this, data from ACEA (https://www.acea.auto/)

was utilized. ACEA provided information on the tax rates for all the years, covering each
country within the European Union. The tax rates are measured in euros per 1000 litres of
fuel. As a result, the dataset contained the necessary information to generate scatterplots,
enabling the investigation of potential relationships between fuel efficiency and tax rates

across European Union countries.


https://www.acea.auto/

Figure 3 presents the tax rates over the years, obtained from ACEA. The tax rates in
most countries show a high degree of stability, with minimal fluctuations observed over time.
The consistency in tax rates implies a relatively steady regulatory framework for taxation

imposed on fuel.
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Figure 3. Tax rates during the period 2022-2018

Density
As previously mentioned, population density is a crucial variable in this research,

serving as a potential instrumental variable in a 2sls IV regression. To obtain reliable data on
population density, Eurostat® was utilized. Eurostat is a highly regarded database among
researchers due to its comprehensive European information. This database provided
information on population density for all five years and all 26 countries included in the
research. The density is measured in the number of people per square kilometre. With the
inclusion of this data, the dataset now encompasses enough information to conduct the
research as effectively as possible.
Scatterplot and data overview

To examine the potential correlation between the gasoline tax rate and the fuel
efficiency of a country, scatterplots were generated. Six scatterplots were created, one for
each year, along with another scatterplot displaying the tax rate of 2022 and the average fuel
efficiency over the years per country. In figure 4, the scatterplot shows the correlation

between the stock fuel efficiency of 2022, on the x-axis, and the 2022 tax rate on the y-axis’.

6 https://ec.europa.eu/eurostat/databrowser/view/tps00003/default/table?lang=en

7 The scatterplots per year can be found in the appendix, see figure 6.


https://ec.europa.eu/eurostat/databrowser/view/tps00003/default/table?lang=en
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Figure 4. Correlation between the 2022 gasoline tax
rate and the stock fuel efficiency of 2022

Figure 5 displays the minimum, maximum, and average values for all variables over
the period 2018 to 2022, as well as for the year 2022 separated, which is the most recent
and deemed the most significant within the dataset. Notably, the stock fuel efficiency is

utilized as the representative variable for the fuel efficiency of 2022.

It is essential to acknowledge that the fuel efficiency values lie within the range of 1.2
and 2.2. These values are weighted to account for all the models, meaning that they do not
directly imply that cars can travel 100 kilometres on 1.2 litres of gasoline. To obtain an
accurate representation, these values must be multiplied by 3.477, which is derived from the
product of 1.318 and 2.637. This multiplication is necessary due to the cumulative weight of
the car models of 1.318. Furthermore, the top ten cars sold comprise only 26.37 per cent of
the total cars sold, there has to be accounted for and therefore the value needs to be
multiplied by 0.2637 as well. Due to the multiplication of 10 in the values already, this
becomes 2.637. Thus, to derive an appropriate estimation for the entire car fleet, the value

should be multiplied by 3.477.

To have a better understanding of how this looks like, when examining the highest
and lowest stock fuel efficiency values, namely 1.860 and 1.404, obtained from Latvia and
Italy correspondingly, the resultant actual fuel efficiency values are 6.467 and 4.882.
Consequently, it can be deduced that in Latvia, cars achieve an average fuel consumption
ratio of 1 in 15.46. In Italy, cars attain an average fuel consumption ratio of 1 in 20.48. This
indicates that a distance of respectively 15.46 and 20.48 kilometres can be covered with one

litre of gasoline.



Upon examination of the figure, it is evident that density and tax rates demonstrate
relatively consistent values over time. The minimum, maximum, and average values
observed in 2022 closely resemble those computed for the entire period spanning from 2018
to 2022. However, there exist some variations in the minimums, maximums, and averages

between the stock fuel efficiency and the fuel efficiency of the period.
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Limitations in the data

The dataset has several limitations that need to be acknowledged. Firstly, as mentioned
before, the dataset does not contain an equal number of most sold cars for every country. In
some cases, there were even years for some countries where no cars were available in the
dataset. When there are fewer than 10 cars, the total fuel efficiency is simply divided by the
number of cars found, which | previously mentioned and which is not a significant issue.
However, when there was for a year no list with the most sold cars in a country, the fuel

efficiency for that country in that year is in the dataset recorded as zero.

Another limitation in the dataset is regarding the weights assigned to each car. As
mentioned earlier, weights were assigned to pairs of cars to represent the first and second-
most-sold cars, the fourth and fifth-most-sold cars, and so on. However, there is a significant
difference in the representation of the car fleet between Germany and France. In Germany,
the 10 most-sold cars accounted for approximately one-third of the total sales, whereas in
France, this accounted for only around one-fifth. This difference of around twelve per cent
indicates that the top 10 most-sold cars are for every country from different importance.
Besides, the small value for the sales in France could be evidence that it may not be entirely
representative of the entire country's car fleet. Despite this limitation, given the available
information on the most-sold cars in European countries, this approach was the most

representative in assigning weights to each car and country in the dataset?.

8 See the results for a robustness check for this assumption.



The third limitation in the dataset is the missing variable about the availability of
public transport in the European Union countries. Due to the unavailability of data on public
transport accessibility and the limited time, this variable was not included in the dataset and
cannot be used as an instrumental variable. However, this provides a compelling reason for
future research. If someone can find a good measurement for the availability of public

transport this could possibly be a suitable instrumental variable.

Methodology

Linear regression
After the scatterplots were generated, a linear regression model was constructed to

analyse the relationship between the tax rate and the fuel efficiency of the countries. The

regression equation takes the form:
yi=a+ Bxi + g,

where yi represents the gasoline tax rate in 2022, a represents the constant term, B
represents the effect of x; (the stock fuel efficiency of 2022), and &; represents the error term.
By fitting this regression model, we can estimate the impact of fuel efficiency on the tax rates
across the countries.
Country fixed effect regression

With data collected over time, it is possible to construct another regression model
that incorporates country-fixed effects. By including country-specific fixed effects, There can
be accounted for time-invariant characteristics specific to each country. The regression

equation for this model is as follows:
yit = o + BXit + yt + Eit,

where yi: represents the tax rate at time t, a; represents the country-specific fixed effect
capturing all the country time-invariant characteristics per country, B represents the effect of
the car fleet captured in xi;, y: represents the time effect, and &i: represents the error term.
By estimating this regression model, we can examine the impact of the car fleet (xi:) on the

tax rates while accounting for country-specific fixed effects (ai) and time effects (y:).



2sls IV regression
Another potential method to measure the effect of the car fleet on a country's tax

rate on gasoline is a 2SLS IV regression. In this approach, the instrumental variable used is

the variable density. The regression equation for this method can be expressed as follows:
yi=a+Bx + &

In this equation, a represents the constant term, €; represents the error term, and
represents the effect of the car fleet. However, the main difference lies in the term x;, which
captures the predicted values from the regression of the car fleet on the density. This is why
it is called a two-stage least squares regression, as it involves two stages: the first stage
where the car fleet is regressed on the density to obtain the predicted values, and the
second stage where these predicted values are used in the regression of the tax rate on the

car fleet.

Assumptions and validity of the methodology

Linear regression
In the linear regression model used in this study, no control variables are included. This is

due to the absence of variables in the dataset that influence both the tax rates in countries
and the fuel efficiency of the car fleet. As a result, there may be omitted variables within the
regression, leading to endogeneity issues. As a result of this endogeneity issue, the estimated
coefficient for the effect of the car fleet on the tax rate may be biased. In other words, the
coefficient obtained from this specific linear regression model may deviate from the true

underlying relationship between the car fleet and the tax rate.

Furthermore, reverse causality is a concern. As mentioned in the introduction, there
is research done on the effect of taxes on how fuel efficient a country’s car fleet is. So while
the focus of this thesis is the opposite relationship, it is plausible that gasoline taxes may also
affect the fuel efficiency of a country's car fleet, which means that there is reverse causality
and the fuel efficiency variable is likely endogenous. This makes speaking about a causal

effect impossible.

Other assumptions of the linear regression model include the absence of
autocorrelation and multicollinearity and the presence of homoscedasticity. These

assumptions can be tested and there exist easy fixes. Based on the scatterplot of the



residuals against the independent variable®, there is no autocorrelation. Figure 7, shows that
the residuals are lying around zero and that there is no clear pattern in the plot, which means
that this assumption is met. Multicollinearity is not a concern in this model as there is only
one independent variable. Lastly, a Breusch-Pagan test is conducted to assess the presence
of heteroscedasticity, and the obtained p-value of 0.69 suggests that there is no

heteroskedasticity, so this assumption is met as well.

Country fixed effect regression
In the country fixed effect regression, the term a; captures all time-invariant

characteristics, eliminating the need to explicitly control for these variables. This
characteristic makes the estimation potentially more accurate than the linear regression
analysis. However, the country-fixed effects method encounters limitations when it comes to
accounting for time-varying variables or shocks that affect both the dependent and
independent variable. This limitation introduces the possibility of omitted variable bias and

undermines the establishment of a causal relationship.

This model is also subject to two other significant limitations. Firstly, the definition of
the car fleet is limited to the top 10 new cars in each country. This narrow scope represents
only a fraction of the total car fleet within a country. Secondly, to conduct a robust country
fixed effects regression, a substantial amount of data is required. With only five years of data

available, the sample size may not be sufficient to make conclusions in the end.

2sls IV regression
In the 2sls IV regression, a significant problem in the other regressions, namely

selection bias, is addressed. This bias occurs when groups differ not only in the dependent
variable but also in other unobserved factors. Furthermore, reverse causality is also

addressed by the use of an instrumental variable.

When employing an instrumental variable, three crucial assumptions must be

considered:

1. Strong first stage: The instrument has a clear and strong causal effect on the variable
of interest.

2. Independence: The instrument is uncorrelated with the error term.

9 See figure 7 in the appendix.



3. Exclusion restriction: The instrument does not directly affect the outcome.

To verify the first assumption, the relationship between average density and average fuel

efficiency is estimated. The results are presented in table 3.

Table 3. Linear regression of the car fleet on the density

AverageFuelefficiency

Density2022 -0.0004*
(0.0002)
Constant 1.6300***
(0.0371)
Number of observations 26
F-Statistic 3.77

Note: The robust standard errors are shown in parentheses. *p-value<0.1, **p-value<0.05, ***p-value<0.01.

Table 3 demonstrates a relationship between the average density and the average
fuel efficiency of countries. The expectation is that higher-density areas tend to favour
smaller and more fuel-efficient cars due to factors such as manoeuvrability and parking
constraints. The negative coefficient for density is expected and consistent with the
expectation. However, the associated f-test yields a small value. Thereby is the coefficient not
as statistically significant as expected. Consequently, the explanatory power of density in
accounting for fuel efficiency variance appears limited. This raises doubts about whether the

first assumption is met.

The second and third assumptions cannot be directly tested. Determining the validity
of the second assumption is challenging, as it is difficult to identify variables in the error term
that are correlated with density. On the other hand, the third assumption may hold, as there
is likely no direct relationship between density and gasoline tax rates. It is important to note
that conducting a regression of average density on average tax rates would not disentangle

the direct effect of density on tax rates from its indirect effect through fuel efficiency.

Since the first assumption is not convincingly met and because of the inability to test
the other two assumptions, it is unlikely that density serves as a perfect instrument. As

previously mentioned in the data limitations part, the availability of public transport may



serve as a more suitable instrument, although no data was found for public transport access

in the 26 countries of the sample.

It is important to recognize that in a two-stage least squares regression with an
instrumental variable, the final estimation cannot be extrapolated to other groups. In the
context of this research, this limitation is not a significant issue since the focus is on
European countries. Nonetheless, it is crucial to keep in mind that the results cannot be

readily applied to other populations.



IV. Results

Table 4. Results of the three regression models

Linear regression Fixed effects regression  2sls IV regression

Taxrate2022 Taxrate Taxrate2022

AverageFuelefficiency -353.7472* -3.788 -1119.599*
(175.849) (3.329) (609.917)

Constant 1113.938*** 557.180*** 2323.023**
(281.4025) (6.713) (948.5109)

Number of observations 26 130 26

Note: The robust standard errors are shown in parentheses. *p-value<0.1, **p-value<0.05, ***p-value<0.01.
Linear regression

The negative coefficient in the linear regression is statistically significant at a 5%
significance level, indicating a negative relationship between a country's car fleet and its tax
rate imposed on gasoline. It suggests that countries with more fuel-efficient car fleets on
average tend to have higher tax rates on gasoline. It is important to note that this is because
a more fuel-efficient car fleet, means that the value of this variable is lower. The magnitude
of the increase in tax rates corresponding to an increase in fuel efficiency cannot be
determined due to the bias in the coefficient. Remember, because of this biased coefficient,
no causal relationship can be inferred from these results. The linear regression merely

reveals a correlation between the variables.

Regarding the constant term, no meaningful interpretation can be made because it is
highly unlikely for a country to have a completely fuel-efficient car fleet during the years
considered in this regression. A fuel efficiency of zero would imply that all the carsin a

country are electric, which may be a possibility in the future but not currently.

Country fixed effects regression
The coefficient of the stock fuel efficiency for the car fleet in the fixed effects

regression is found to be statistically insignificant. Consequently, no definitive conclusions
can be drawn regarding this coefficient. However, the fact that the sign of the coefficient is
again negative provides further evidence of a negative relationship between fuel efficiency

and gasoline tax rates.



As mentioned before, the coefficient in the fixed effects regression is expected to be
less biased compared to the linear regression method since it captures the time-invariant
characteristics of each country. It is a pity that the dataset does not contain control variables
and just five years of data. To obtain more accurate estimates and better understand the
magnitude of the effect, it would be beneficial to include additional time-varying variables
that could be controlled for in the regression. It would also be very beneficial if there were
more years in the dataset. This would make this regression, quite valid and this would
provide more insights into the relationship between fuel efficiency and tax rates imposed on
gasoline. For now, it is not possible to say something about the magnitude because of the

insignificant coefficient.

2sls IV regression
The coefficient of the fuel efficiency obtained from the 2SLS IV regression analysis

aligns with the previous analyses, demonstrating a negative relationship between a country's
car fleet’s fuel efficiency and its gasoline tax rates. This suggests that countries with more
fuel-efficient car fleets tend to impose higher tax rates on gasoline. Just like in the linear
regression, the interpretation of the constant should be approached with caution, as it is
unrealistic to have a car fleet that is completely fuel-efficient within the years considered in

this regression.

Considering the significant coefficient of the stock fuel efficiency of 2022 at a 10 per
cent significance level and assuming the validity of density as an instrumental variable in our
2SLS IV regression, we can interpret the coefficient of this regression. The coefficient has a
magnitude of -1119.599. So, each improvement in fuel efficiency of one litre per 100
kilometres is estimated to result in an increase of approximately 1119.599 euros per 1000
litres in the tax rate. An improvement of a country’s car fleet of 0.1 litres per 100 kilometres,

is associated with an estimated increase in their tax rate by approximately 11 cents per litre.

To create a better perspective, this means that when a country’s car fleet decreases
from 5.4 litres per 100 kilometres to 5.3 litres per 100 kilometres, their tax rate on gasoline
on average increases by 11 cents for 1 litre of gasoline. When again looking at the highest
and lowest value for the stock fuel efficiency in our dataset, 1.860 and 1.404, respectively

from Latvia and Italy, the difference is 0.456. According to the results, the tax rate in Latvia



should be 1,74 euros per litre lower than in Italy’®. So with the calculations, it is again
important to not forget to multiply the values by 3.477 because of the weighted values of the

fuel efficiency.

Robustness checks

After formulating certain assumptions, it becomes essential to conduct robustness checks to
assess the consistency of the results under alternative assumptions. One specific assumption
pertains to assigning equal weight to each year by calculating an appropriate weight for the
stock fuel efficiency in 2022. Performing robustness checks helps evaluate whether the
findings remain unchanged when different assumptions are considered. Table 4 shows the
results after giving different weights for every year!!. For the country fixed effects regression,

the stock fuel efficiency of 2022 is not used, so the results of this regression need no check.

Table 5. Robustness checks, same weight for every year assumption

Linear regression 2sls IV regression
Taxrate2022 Taxrate2022
AverageFuelefficiency2 -460.0224** -1238.625*
(213.4037) (677.133)
Constant 1136.76*** 2120.627**
(271.7545) (846.5797)
Number of observations 26 26

Note: The robust standard errors are shown in parentheses. *p-value<0.1, **p-value<0.05, ***p-value<0.01.

When comparing the results of the robustness checks to the original findings, it is
clear that there are some differences. The coefficient of the linear regression shows slightly
increased significance, and the magnitudes of the coefficients in both regressions are higher.
However, the overall differences are not substantial. The constant terms remain significant as
observed in the initial results, and their magnitudes are nearly unchanged as well. These
findings suggest that while there are some variations in the results, the overall patterns and

conclusions remain consistent.

10 There are two possible calculations: 0.456*3.477/0.1*0.11=1.74 and (6.467-4.882)/0.1*0.11=1.74
11 The new weights are: 2022-1; 2021-0.9; 2020-0.8; 2019-0.7; 2018-0.6



The other assumption made was the one about giving every car a representative
weight. The weight that is given was the average between how much the cars were sold,
compared to the total cars sold, in Germany and France. Again doing robustness checks helps
to check whether the findings remain the same when giving other weights per two cars'?.

The results are shown in Table 5.

Table 6. Robustness checks, same weight for every year assumption

Linear regression Fixed effects regression  2sls IV regression

Taxrate2022 Taxrate Taxrate2022

Fuelefficiency -294.3871** 4.228249 -952.0424*
(142.9195) (6.994372) (530.203)

Constant 1127.898*** 543.0264*** 2406.711**
(281.9066) (14.96513) (1018.278)

Number of observations 26 130 26

Note: The robust standard errors are shown in parentheses. *p-value<0.1, **p-value<0.05, ***p-value<0.01.

Upon conducting further robustness checks and controlling for validity, there remain
differences between the results of these checks and the initial findings. Interestingly, this
time the coefficients tend to be lower when controlling for validity. However, similar to the
previous robustness checks, these differences are not substantial, and in fact, they are even
smaller than the differences observed in the first round of checks. Once again, the coefficient
in the linear regression exhibits increased significance compared to the initial results.
Moreover, the constant terms remain significant, as seen in the original findings, and their
magnitudes remain largely unchanged. These results indicate that, despite some variations,

the overall patterns and conclusions remain fairly consistent.

It is worth acknowledging that this study is being conducted as part of a bachelor’s
thesis, and due to time constraints it was not possible to conduct more comprehensive
robustness tests but based on the available results of the robustness checks that are done
above, it has been reasonably argued that the underlying assumptions presented in this

study are not entirely unfound.

2 The new weights are: 1% and 2" car-0.473; 3" and 4™ car-0.375; 5t and 6™ car-0.312; 7" and 8" car-0.257;
9t and 10% car-0.204, based on the averages of France.



V. Conclusion

In this thesis, the main objective was to investigate the relationship between the car fleet of
a country and the taxes imposed on gasoline. By employing various regression techniques
including linear regression, country fixed effects regression, and a 2SLS regression with
density as the instrumental variable, we aimed to uncover any causal effects and understand

the underlying factors influencing the tax rates.

The importance of this relationship is again underlined by discussing the paper of
Delfgaauw and Swank. Their model concluded a relationship between people’s choice of
what car to buy and public policies. Through a short literature review, it was determined that
reverse causality could potentially be a confounding factor in this relationship. Therefore, it

was crucial to employ empirical analysis to establish any meaningful conclusions.

The findings from the regression analysis revealed that while the coefficients of the
linear regression and the 2SLS regression were statistically significant, indicating a
relationship between the car fleet and tax rates, no causal effects could be established. Both
regressions have namely limitations and could not meet some important assumptions. It is
important to note that the coefficient of the country fixed effects regression was not

significant, potentially due to limitations in the available data.

These results suggest that while there is an association between the car fleet
composition and tax rates imposed on gasoline, further research with more data availability
is needed to establish a potential causal relationship. It is likely that other factors not
considered in this study, political and economic factors, may also contribute to the
determination of tax rates. For now, it was not possible to control for such factors to measure

the exact effect of the regression.

Some suggestions for further research include extending the data collection period to
encompass more years, enabling the inclusion of stock fuel efficiency data over a longer time
frame and potentially leading to significant results in a country fixed effects regression.
Additionally, gathering information on the availability of public transport and employing it as
an instrumental variable could provide valuable insights. Furthermore, enhancing the validity

of the linear regression model could be achieved by identifying and incorporating relevant



control variables. The inclusion of such variables would strengthen the model's robustness

and improve the overall validity of the findings.

In conclusion, this thesis provides valuable insights into the complex relationship
between the car fleet of a country and the taxes imposed on gasoline. While no causal
effects were found, the significant coefficients in the linear regression and 2SLS regression
indicate the presence of an association. Future studies should aim to address the limitations
of this research and explore additional factors to gain a more comprehensive understanding

of this relationship.
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Appendix

Figure 6 shows the correlation between the gasoline taxes in euros/1000 litres and fuel

efficiency in litres/100 kilometres over the years 2022-2018.
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Figure 7 shows a residual plot, a scatterplot of the residuals against the independent

variable.
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