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Abstract

We introduce a new microsimulation model built on household transport data to study the
distributional effects of carbon-based fuel taxation of private road transport in Germany. Our
data includes annual mileage at the car-level, the distinction between fuel types, as well as
car-specific fuel consumption, allowing for a very detailed analysis. The model allows focusing
on different types of households as well as identifying effect heterogeneity across the income
distribution. We compare the recent fuel tax scheme with three policy reform scenarios to
empirically test several hypotheses regarding distributional effects of carbon pricing. We find
that the legal status quo of the fuel tax has overall regressive effects, with the tax on petrol acting
regressive and the tax on diesel acting progressive. A transformation of the current tax into a
revenue-neutral carbon-harmonised fuel tax yields a progressive distributional effect, while an
introduction of a new carbon tax on transport fuels is neither clearly regressive nor progressive.
Combining both tax schemes also has non-regressive effects. Our results suggest that policy
makers face various options for pricing road transport greenhouse gas emissions without causing
an overall disproportionate tax burden on low-income households.
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1 Introduction

Reducing greenhouse gas (GHG) emissions is a major goal of most countries’ governments in their

attempts to facing the challenges of climate change. The transport sector has been identified

as one of the relevant mitigation options (German Advisory Council on the Environment, 2017).

The United Nations Intergovernmental Panel on Climate Change (IPCC) estimates in its Fifth

Assessment Report that a 10% increase of transport fuel prices could yield a 7% reduction in fuel

consumption and GHG emissions in the long run (IPCC, 2014, 1160f). Policy measures like carbon

taxes or emission trading systems aim at incentivising customers to lower their consumption levels

of carbon fuels, as carbon dioxide (CO2) is the predominating GHG emitted by human activities

(IPCC, 2014, 358).1 While carbon pricing potentially internalises external costs and yields economic

efficiency, it might cause adverse distributional effects. Protests like the yellow vests movement in

France are closely related to increases of fuel prices (Douenne, 2020). This suggests that the

distributional effects of policy measures implemented to fight climate change might be of utter

importance for the overall acceptance of these measures. Understanding the distributional effects

of measures that affect fuel prices is, thus, a prerequisite for an informed debate on how to solve

the challenges of global warming – both from an academic and a policy perspective.

In this paper, we introduce a new microsimulation model to study the distributional effects

of the current transport fuel taxation in Germany which depends on volume and does not relate

to GHG emissions. We then apply it to three alternative tax schemes based on the frequently

discussed idea of carbon pricing (e.g. Dertinger and Schill, 2019; Edenhofer et al., 2019; Feld et al.,

2019; Ismer et al., 2019; Lange et al., 2019; Preuss et al., 2019). These reform scenarios take up

various approaches currently under discussion and range from a revenue-neutral system change to

the introduction of a new tax. Specifically, we analyse (i) a transformation of the current tax into a

revenue-neutral carbon-harmonised fuel tax, (ii) an introduction of a new carbon tax on transport

fuels, and (iii) a combination of both tax schemes.

Our paper contributes to the literature on the distributional effects of carbon pricing by energy

taxation in general (e.g. Berry, 2019; Labandeira et al., 2009; Pizer and Sexton, 2019; Speck,
1For this reason, GHG emissions are often measured in CO2 equivalents. In the remainder of this article, we use

the term CO2 emissions synonymously.
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1999; Wang et al., 2016) and transport fuel taxation in specific (e.g. Bento et al., 2009; Bureau,

2011; Filippini and Heimsch, 2016; Flues and Thomas, 2015; OECD/Korea Institute of Public

Finance, 2014; Poterba, 1991; Sterner, 2012). Despite the recent flood of policy reports on the

expected distributional effects of carbon pricing in Germany (e.g. Agora Verkehrswende and Agora

Energiewende, 2019; Bach et al., 2019, 2020; Blanck et al., 2020; Edenhofer et al., 2019; Feld et al.,

2019; Frondel, 2020; Gechert et al., 2019; Lange et al., 2019; Leprich et al., 2019; Preuss et al.,

2019; Stiftung Arbeit und Umwelt der IG BCE, 2019; Zerzawy and Fiedler, 2019), scientifically

valid empirical evidence on taxing the GHG emissions of transport fuels is scarce. We contribute

to the literature by augmenting the existing studies in the following aspects. First, to consider

household-specific mobility behaviour, we set up a new microsimulation model based on household

transport data to study the first-round effects of alternative tax regimes. With that model, we can

account for heterogeneity across households which allows a detailed analysis of household-specific

tax burdens. Second, and in contrast to the previous empirical literature for Germany, our data

encompasses car-specific fuel consumption, annual mileage at the car-level as well as the distinction

between fuel types. Our model combines the advantages of three major data sources: Mobility in

Germany (MiD) 2017, the German Mobility Panel (MOP) 2017/2018, and the Sample Survey

of Income and Expenditure (EVS) 2018. This rich and unparalleled data allows a very detailed

analysis of the distributional effects of fuel taxation. Most existing studies on Germany (e.g. Agora

Verkehrswende and Agora Energiewende, 2019; Bach et al., 2019; Feld et al., 2019; Gechert et al.,

2019; Leprich et al., 2019) solely base on data such as the Socio-Economic Panel (SOEP) or the

EVS, which hardly cover household-specific mobility aspects. The information provided in these

datasets refers only to the car fuel expenditures estimated by the survey participants. It disregards

car-specific fuel consumption and the respective annual mileage. However, these factors are decisive

for the individual tax burden resulting from a carbon tax and the analysis of distributional effects.

This is particularly true given the important role of diesel cars in Germany.2 Our extensive database

ensures that the tax burden is calculated at the vehicle-level. To the best of our knowledge, such

a detailed database has not yet been used to analyse the distributional effects of transport fuel

taxation. Third, our ex-ante evaluation provides new scientific evidence on a highly policy relevant
2The share of diesel cars in annual mileage is around 45% (Federal Statistical Office, 2020) and the average annual

mileage of diesel cars nearly doubles that of petrol cars (Federal Motor Transport Authority, 2020b). Despite the
higher GHG emissions of one litre of diesel, it is taxed less than petrol in Germany.
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question by comparing and combining two frequently discussed alternative policy measures. To

this end, we systematically distinguish the distributional effects of taxing petrol and diesel fuel,

about which little is known so far (Harding, 2014)

We focus on Germany for three reasons. First, Germany is one of the seven largest issuers of

GHG in the world (Crippa et al., 2020). It is, therefore, an important international player in the

debate on GHG emissions as the Federal Climate Change Act requires it to reduce GHG emis-

sions by at least 55% in 2030 compared to the year 1990 (German Bundestag, 2019b). Second,

for reducing GHG emissions, the German parliament agreed on the Fuel Emissions Trading Act

(Brennstoffemissionshandelsgesetz – BEHG) in December 2019, which includes a pricing of GHG

emissions in the transport and heating sectors (German Bundestag, 2020). As there has been a con-

troversy on the potentially small effects of the BEHG on GHG emissions (e.g. German Bundestag,

2019a; Harthan et al., 2020) and climatologists aim at higher emission prices (e.g. Edenhofer et al.,

2019; German Environment Agency, 2019), our reform scenarios are designed to reflect the ongoing

policy debate.3 Third, we can exploit the above-mentioned rich database.

With respect to the status quo fuel taxation regime in Germany, we find that the ratio of tax

burden to net income declines with income. This is in line with the overwhelming majority of the

literature which shows that fuel taxes tend to place a greater burden on poor households in relation

to net income than on rich households (e.g. Bento et al., 2009; Gianessi et al., 1979; Poterba, 1991;

Spiller et al., 2017; Steinsland et al., 2018; Sterner, 2012; Teixidó and Verde, 2017; Tiezzi and Verde,

2019), weakening its social acceptance in society (Kallbekken and Sælen, 2011). Yet, we are the

first to explicitly show that the effect of the German fuel tax on petrol is regressive, while taxing

diesel acts progressive. Our first reform scenario analyses the transformation of the current tax

into a revenue-neutral carbon-harmonised fuel tax. The simulation results show that this reform

has a progressive distributional effect. While the average tax burden decreases for the lowest

six deciles of the income distribution, it increases for the upper four deciles. The second reform

scenario introduces a new carbon tax of 100 euro/tCO2 on transport fuels. Overall, its distributional

effects are less clear-cut. While aggregated measures suggest a weakly progressive shift, there is a

considerable amount of heterogeneity between households. Finally, the third scenario combines the
3The original carbon prices implemented by the BEHG in December 2019 were substantially lower than the ones

currently in force that have been readjusted within less than a year.
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introduction of a carbon-harmonised fuel tax with an additive 65 euro carbon tax. We conclude

that the reform causes a progressive shift in tax progression and that its redistributive effect at

least does not prove regressive. Overall, the changes in households’ individual tax burden due to

the tax reforms are economically significant. The effects of the revenue-neutral carbon-harmonised

fuel tax are, on aggregate, relatively small (ranging from an annual relief of 20 euro in the 1st decile

of the income distribution to a burden of 70 euro in the 10th decile). These aggregate effects,

however, cloud a considerable degree of heterogeneity. Our microsimulation approach allows us to

identify winners and losers within income deciles. Focusing on those households only whose tax

burden increases due to the reform, the additional tax burden ranges between 220 euro (1st decile)

and 310 euro (10th decile) per year. The absolute additional tax burden is highest for the carbon

tax, amounting to 290 euro (2.0% of net household income) for reform losers in the 1st decile and

560 euro (0.8%) in the 10th decile. These changes in tax burdens could well play a role for the

political feasibility of these or similar reforms. Our rich data base allows us to further analyse

different subgroups that are relevant in this context. These subsample analyses focus on commuters,

families, and rural households.

The paper is structured as follows: Section 2 places the paper in the literature. Section 3 de-

scribes the alternative policy scenarios, defines the outcome measures, and derives the hypotheses.

Section 4 introduces the microsimulation approach and describes the study population. The re-

sults are reported in Section 5. Section 6 provides a discussion and finally concludes on policy

implications.

2 Related Literature

This section reviews the literature on the distributional effects of carbon pricing (Subsection 2.1)

and transport fuel taxes (Subsection 2.2). Subsequently, we describe the research gap and the

starting points for our analysis (Subsection 2.3).

2.1 Carbon Pricing

Taxes on externalities to align private and social marginal costs of activities have long been discussed

in economics since the seminal work by Pigou (1920). Carbon pricing is widely seen as the most
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cost-effective instrument to decarbonise energy consumption and mitigate GHG emissions (e.g.

Meckling et al., 2017; Tietenberg, 2013). While determining the actual size of externalities and,

subsequently, efficient emission levels is beyond the scope of the present paper4, we focus on the

distributional effects of different carbon tax regimes which are part of the ongoing public debate.

Environmental taxes in general are often suspected to put a higher burden on poorer households

than on richer ones (Bento, 2013; Baranzini et al., 2017; Combet et al., 2010), as the former

usually spend a higher share of their disposable income on necessities like transport fuels (Kaus,

2013). A considerable branch of the literature on the distributional effects of carbon taxes does not

distinguish between transportation fuels, heating fuels, and electricity (e.g. Combet et al., 2010;

Douenne and Adrien, 2020; Feindt et al., 2021; Hassett et al., 2009; Labandeira et al., 2009; Landis

et al., 2021; Metcalf, 2009; Parry, 2015; Rausch et al., 2011). In a meta study based on 53 empirical

studies, Ohlendorf et al. (2018) find a significantly higher occurrence of progressive effects if only

the transport sector is analysed. Barker and Köhler (1998) identify a slightly regressive effect of

carbon taxes for most of the eleven examined EU countries, including Germany, but also a slightly

progressive effect when only taking transport fuels into account. Similar patterns are found by

Vandyck et al. (2021) in a more recent study of eleven EU countries. Focusing on Austria, Eisner

et al. (2021) find a regressive effect for electricity and heating, but an disproportionate tax burden

on middle-income households for transport fuels. Elkins and Baker (2001) explain these patterns

by the different expenditure distributions of transport fuels and domestic fuels, i.e. heating fuels

and electricity. Support for this finding is provided by Callan et al. (2009)’s study on tax equity and

Büchs and Schnepf (2013), who analyse the relation between household characteristics and sources

of CO2 emissions. Nevertheless, some empirical studies on the distributional effects of carbon taxes

report conflicting results (e.g. Berry, 2019; Martini, 2009).5 A broader picture of the distributional

effects of carbon taxes on transport fuels is provided by literature surveys (Elkins and Baker, 2001;
4Tscharaktschiew (2014) estimates the marginal social costs of road transport and indicates externalities of around

0.30 euro/l for gasoline, yielding an optimal fuel tax on gasoline in Germany of 0.96 euro/l. For diesel, estimates
suggest an even higher level of marginal social costs (Santos, 2017; Tscharaktschiew, 2014). This does not only hold
for diesel passenger cars but, in particular, for diesel powered heavy duty vehicles (Santos, 2017). These findings,
which are in line with previous research on optimal taxation of petrol and diesel (e.g. de Borger and Mayeres, 2007;
Mayeres and Proost, 2013), refer to different sources of transport externalities such as GHG, particulate pollution,
noise, congestion and accidents.

5Berry (2019) examines the recently introduced carbon tax in France and finds similar distributional effects for
transport and domestic energy, explained by “increasing car dependency among low-income households”. Martini
(2009) rejects regressive effects for domestic fuels in Italy but confirms them for transport fuels.
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Pizer and Sexton, 2019; Speck, 1999; Wang et al., 2016; Zhang and Baranzini, 2004) and meta

analyses (Alvarez, 2019; Ohlendorf et al., 2018). By identifying several drivers for the direction of

the distributional effect, their findings question the universal validity of a “regressivity assumption”.

In addition to the international evidence presented above, several studies conduct ex-ante-

analyses of the distributional effects of a carbon price introduction on transport and domestic fuels

in Germany (e.g. Agora Verkehrswende and Agora Energiewende, 2019; Bach et al., 2019, 2020;

Blanck et al., 2020; Edenhofer et al., 2019; Eisenmann et al., 2020; Feld et al., 2019; Frondel, 2020;

Gechert et al., 2019; Lange et al., 2019; Leprich et al., 2019; Preuss et al., 2019; Stiftung Arbeit

und Umwelt der IG BCE, 2019; Zerzawy and Fiedler, 2019).6 All of these studies are based on

household survey data and most of them use either the SOEP2015 or the EVS 2013. Only a few

studies rely on other data like the German Residential Energy Consumption Surveys (GRECS) of

the years 2006 to 2013 (Frondel, 2020), the MOP of the years 2017 to 2019 (Blanck et al., 2020) or

the MiD2017 (Eisenmann et al., 2020). Yet, the majority of studies (i) do not distinguish transport

and domestic fuels (Agora Verkehrswende and Agora Energiewende, 2019; Edenhofer et al., 2019;

Feld et al., 2019; Leprich et al., 2019; Preuss et al., 2019), (ii) do not explicitly provide the tax

burden in relation to income (Blanck et al., 2020; Eisenmann et al., 2020; Frondel, 2020; Lange

et al., 2019; Leprich et al., 2019; Zerzawy and Fiedler, 2019) or (iii) do not report the pure tax

effect but only its combination with a revenue recycling scheme (Eisenmann et al., 2020). There

are four studies that do not suffer from these shortcomings. Three of them, however, report the

identical analysis (Bach et al., 2019, 2020; Stiftung Arbeit und Umwelt der IG BCE, 2019). Based

on SOEP data, their microsimulation model yields a slightly regressive effect for a carbon tax on

petrol and diesel, as the tax share of the net income decreases between the 7th and the 10th decile.

The results of the fourth study (Gechert et al., 2019), which is also based on SOEP data, indicate

an even more regressive effect.

2.2 Transport Fuel Taxes

Economists have investigated the distributional effects of transport fuel taxes for several decades

(e.g. Bento et al., 2009; Eliasson et al., 2018; Poterba, 1991; Stucker, 1977). While most early
6Nearly all of these studies can be classified as technical reports without a clear-cut scientific focus, as only the

study of Eisenmann et al. (2020) has been published in a peer-reviewed scientific journal.
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studies found evidence for regressive effects (e.g. Gianessi et al., 1979; Stucker, 1977), more recent

contributions suggest that the GDP and income-dependent heterogeneity of car-ownership are

important drivers for the distributional effect of a transport fuel tax. Johnson et al. (1990) find

progressive effects for the UK, which they explain with less car-ownership in low-income groups,

since their data reveal an around eleven times higher probability for car-ownership in the highest

compared to the lowest income decile. Blow and Crawford (1997) and Santos and Catchesides (2005)

show that fuel taxes in the UK are strongly regressive when focusing on car-owning households only,

but progressive when considering all households.

Consistent with the results presented above, in an analysis of transport fuel taxes in 23 OECD

countries, including Germany, Flues and Thomas (2015) finds that the distributional effects are

more regressive the higher the GDP per capita. Sterner (2012) analyses the fuel taxes of seven

European countries and finds a slightly regressive effect in the UK, but the most progressive effect

in the poorest country, Serbia. Likewise, progressive fuel tax incidence in low-income countries

has been reported for Chile (Agostini and Jiménez, 2015) and Costa Rica (Blackman et al., 2010).

While empirical evidence clearly stresses a regressive effect of fuel taxation in the US (e.g. Bento

et al., 2009; Chernick and Reschovsky, 1997; Gianessi et al., 1979; Poterba, 1991; Spiller et al., 2017;

Stucker, 1977; Teixidó and Verde, 2017; Tiezzi and Verde, 2019; West, 2004; West and Williams,

2004), the distributional effects are more ambiguous within other high-income countries (Flues and

Thomas, 2015; Sterner, 2012). In Spain, for instance, Asensio et al. (2003) identify a progressive

effect for the lower half of income deciles and a regressive effect for the upper half, characterised

by Sterner (2012) as rather proportional on average. In Sweden, the fuel tax acts progressive from

the 2nd to the 9th decile (Eliasson et al., 2018), but barely regressive in total (Eliasson et al., 2018;

Sterner, 2012). Yet, for the majority of countries, such as for Austria (Bernhofer and Brait, 2011),

France (Bureau, 2011; Berry, 2019; Sterner, 2012), Ireland (Callan et al., 2009), Italy (Sterner,

2012), and Norway (Steinsland et al., 2018), the existing empirical evidence suggests regressive

effects. Given the literature presented so far, in line with Pizer and Sexton (2019), we conclude

that the direct effects of transportation fuel taxes tend to be rather progressive in poorer countries

and quite heterogeneous in richer countries, attributing the latter to income-specific heterogeneity

in car-ownership and commuting patterns.

Studies on the German transport fuel tax usually find that middle-income households bear
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the largest tax burden in relation to income (e.g. Bork, 2000; Flues and Thomas, 2015; Sterner,

2012). Sterner (2012) concludes that the tax is marginally regressive, but rather proportional.

Nikodinoska and Schröder (2016) find that abolishing the transport fuel tax would lower inequality

in the distribution of post-tax income moderately, while doubling it would increase inequality

slightly. The last amendments of the taxes on transport fuels in Germany date back to the so-

called Eco Tax Reforms between 1999 and 2003, which raised the fuel tax on petrol and diesel by

around 0.15 euro/l. Both, ex-ante (Bach et al., 2002; Grub, 2000) and ex-post (Bach et al., 2019)

studies on the fuel tax rise identify a regressive distributional effect. Bach et al. (2018) examine a

hypothetical 0.15 euro/l increase of transport fuel prices and find a slightly regressive effect, which

is much more regressive when considering only households with cars.

Only a few German studies differentiate between petrol and diesel or analyse tax schemes which

might allow for deductions to be made about each fuel’s distinct distributional effect.7 Bach et al.

(2016) simulate a fuel tax of 0.703 euro/l, which implies a much stronger increase for diesel than for

petrol, and find a slightly regressive joint effect. Jacobs and Quack (2018) find a progressive effect

for a revenue-neutral introduction of a fuel tax based on CO2 emissions, which leads to an increase

of the fuel tax on diesel by 0.19 euro/l and a decrease of the fuel tax on petrol by 0.12 euro/l.

Although Bach et al. (2019) do not explicitly address the topic, their results strongly indicate that

the German diesel tax is progressive, while the petrol tax is regressive.

2.3 Research Gap

Even given the studies described above, considerable uncertainty remains regarding the concrete

effects of carbon pricing in the German tax system: Sterner (2012) focuses on petrol solely. Flues

and Thomas (2015), Bach et al. (2016) and Nikodinoska and Schröder (2016) do not distinguish

between petrol and diesel due to data restrictions. Bork (2000), Grub (2000) and Bach et al. (2002)

use data that dates back to 1993. The database utilised by Jacobs and Quack (2018) is rather small
7International evidence is rather ambiguous. Flues and Thomas (2015) conclude for the average of all analysed

21OECD countries (Austria, Belgium, Chile, the Czech Republic, Estonia, Finland, France, Germany, Greece, Hun-
gary, Ireland, Italy, Luxembourg, the Netherlands, Poland, the Slovak Republic, Slovenia, Spain, Switzerland, Turkey,
and the UK) that “taxing diesel higher would hit the rich harder than the poor”. On the other hand, the meta-analysis
of Pizer and Sexton (2019) concludes that the “gasoline tax is progressive whereas a diesel tax disproportionately
harms the poor by raising the costs of the public transportation upon which they rely”. Yet, similar evidence from
Costa Rica (Blackman et al., 2010) raises the question whether the latter is attributable primarily to the relevance
of bus diesel in countries with a lower income level than in Germany.
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and does not adequately reflect the German population. Only the studies of Bach et al. (2018) and

Bach et al. (2019) adequately account for the income heterogeneity of households owning diesel

and petrol cars. Their data, however, lacks sophisticated information on real car use. Except from

the work of Eisenmann et al. (2020)8, none of the reported German studies appropriately considers

the extensive structural developments of the German car fleet in terms of diesel use, which is of

utter importance: On the one hand, the fuel tax per litre of petrol is around 39% higher than of

diesel. On the other hand, the average annual mileage for both petrol and diesel rises significantly

with income, but much faster for diesel than for petrol (Jacobs and Quack, 2018). Overall, diesel

accounts for around 45% of the annual mileage of private households (Federal Statistical Office,

2020). Additionally, the diesel share of the German passenger car fleet has more than doubled since

the year 2000 (Federal Motor Transport Authority, 2020a). All this has non-negligible implications

for the analysis of the distributional effects of fuel type specific tax amendments which will be

caused by carbon pricing.

Our study contributes to the literature by, first, its sophisticated microsimulation model that

has significant advantages over less disaggregated methods and utilises a more recent and more

suitable database able to accurately model real car use. Second, we simulate the distributional

effects of three hypothetical reform scenarios, two of which take a so far unexamined approach to

the introduction of carbon pricing and put it in reference to the status quo and the extensively

studied concept of a pure carbon tax on transport fuels.9 Third, we focus on road transport and

systematically examine the contribution of diesel taxation to distributional impacts, which, to the

best of our knowledge, has not been done before. Fourth, despite the specific characteristics of the

German transport sector and its corresponding tax system, we address questions that are of high

relevance for comparable countries such as France or Austria. By relating the simulated tax burdens

to individual household incomes and aggregating them to standardised distributional measures, one

may assume that the external validity of our results should be higher than that of less detailed

studies.
8Eisenmann et al. (2020), however, do not simulate individual households, but similar household groups. They

neither provide the resulting tax burden in relation to household income nor do they investigate the tax effect without
revenue recycling.

9See (e.g. Bach et al., 2019, 2020; Blanck et al., 2020; Gechert et al., 2019; Lange et al., 2019; Leprich et al., 2019;
Stiftung Arbeit und Umwelt der IG BCE, 2019; Zerzawy and Fiedler, 2019).
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3 Study Design

In Subsection 3.1, we introduce the four policy scenarios for transport fuel taxation in Germany

that we will analyse with our microsimulation model. The status quo of the tax regime serves as

reference scenario, while the three reform scenarios include a revenue-neutral carbon-harmonised

fuel tax, a carbon tax and, finally, a combination of the latter two. Subsection 3.2 discusses general

methodological aspects regarding the measurement of the distributional effects of fuel taxes. It also

presents the indicators used to identify the distributional effects of the reform scenarios. Finally,

Subsection 3.3 derives testable hypotheses regarding the reforms’ distributional effects based on the

literature summarised in Section 2.

3.1 Policy Scenarios

As of 2020, the fuel tax defined in the German Energy Tax Act amounts to 0.6545 euro/l for

petrol and 0.4704 euro/l for diesel (see Table 1).10 The difference in taxation levels of petrol and

diesel and the implications caused by the variance of annual mileage, fuel consumption, and car

ownership across income deciles are of particular interest to us. We will not only study the overall

distributional effect of the transport fuel tax, but also the fuel type specific effects for petrol and

diesel in the status quo tax regime (Scenario SQ). According to our simulation, the total transport

fuel tax revenue raised from private households in the year 2017 amounts to 29, 900million euro, of

which 19, 500million euro stems from the taxation of petrol and 10, 300million euro from diesel.

The reported figures include that share of the 19% value-added tax (VAT) that is levied on the fuel

tax burden, but not on the net fuel price.11

Starting from the status quo, we set up and examine three reform scenarios based on the idea

of carbon pricing. As fuel taxes have been the most powerful policy instrument against climate

change so far (Sterner, 2007), we examine this type of tax in the first reform scenario. Although

fuel taxes are ad quantum taxes determined by the volume, weight or energy content of the fuel,

they can be considered as implicit carbon taxes (see Baranzini et al., 2000).12 Since different fuels
10We only report information on petrol and diesel as other taxed fuels have negligible market shares. They will,

however, be considered in our analysis (see also Subsection 4.2).
11Unless indicated otherwise, the tax-related VAT share is included in all results provided below.
12Carbon taxes are either based on the carbon content of the combusted fossil fuel or on the amount of CO2 that

is emitted by combusting fossil fuels (Baranzini et al., 2000). The ratio between carbon content and CO2 emissions
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Table 1: Taxes on Transport Fuels by Policy Scenario

Scenario

Reference Reform

Instrument Unit SQ CH CT CHCT

Fuel Tax
Petrol euro/l 0.6545 0.5381 0.6545 0.5381
Diesel euro/l 0.4704 0.6146 0.4704 0.6146
LPG euro/l 0.0974 0.4152 0.0974 0.4152
CNG euro/kg 0.1946 0.3781 0.1946 0.3781

Carbon Tax
Petrol euro/l - - 0.2320 0.1508
Diesel euro/l - - 0.2650 0.1723
LPG euro/l - - 0.1790 0.1164
CNG euro/kg - - 0.1630 0.1060

Total Tax
Petrol euro/l 0.6545 0.5381 0.8865 0.6889
Diesel euro/l 0.4704 0.6146 0.7354 0.7869
LPG euro/l 0.0974 0.4152 0.2764 0.5316
CNG euro/kg 0.1946 0.3781 0.3576 0.4841
Sources: Microsimulation based on MID 2017, MOP 2017/2018 and EVS 2018.

SQ: Status quo fuel tax.

CH: Revenue-neutral carbon-harmonised fuel tax.

CT: Status quo fuel tax + 100 euro/tCO2 carbon tax.

CHCT: Revenue-neutral carbon-harmonised fuel tax + 65 euro/tCO2 carbon tax.
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have different CO2 emission factors, the fuel tax per CO2 emission unit can vary widely across fuel

types.13 The status quo of the German fuel tax implies that one gram of CO2 emissions is taxed

about 60% higher for petrol than for diesel. Due to lower consumption costs of diesel compared

to petrol, consumers might opt to buy more polluting, larger cars and drive more with a less fuel-

efficient driving style (Schipper et al., 2002).14 Consequently, several studies (e.g. Harding, 2014;

Montag, 2015; Söllner, 2018) recommend to harmonise fuel and energy taxes based on the fuels’ CO2

emission factors in order to economically incentivise consumers towards reducing GHG emissions

via fuel consumption. Even at the European level, a corresponding amendment to the Energy

Taxation Directive has already been proposed and discussed, but has not yet been implemented

(European Commission, 2011).

Revenue-neutral carbon-harmonised fuel tax (Scenario CH): Our first reform scenario,

therefore, harmonises the German transport fuel tax with the CO2 emission factors of each fuel.

We adjust the tax level of each fuel type such that, assuming identical consumer behaviour, the

current total tax revenue is maintained. This allows for a straightforward comparison with the

status quo while, at the same time, taking into account the differences in CO2 emission factors

across fuel types. Considering that the combustion of one litre of diesel emits around 14% more

CO2 than the combustion of one litre of petrol, the carbon-harmonised fuel tax is 14% higher for

one litre of diesel than for one litre of petrol.15 Given the status quo tax revenue reported above,

the revenue-neutral carbon-harmonised fuel tax equals 0.6146 euro/l for diesel and 0.5381 euro/l for

petrol (see Table 1).16

is defined by physics: each tonne of combusted carbon emits a fixed amount of 3.67 tonnes of CO2 (Baranzini et al.,
2000). This interdependency makes both terms often used synonymously. For the sake of clarity we will refer to CO2
emissions in the remainder of the article.

13A CO2 emission factor indicates the amount of CO2 emitted in relation to a suitable measurement unit of the
source material. In reality, the CO2 emission factors of fuels are not constant. Several different petrol grades and
biofuels are commercially available, the diesel composition differs in summer and winter, and the composition of fuels
varies by refinery and time (Juhrich, 2016). Our study applies the simplifying assumption of one unified value of
CO2 emission factor per fuel type, based on official data for Germany: One litre of petrol emits 2.32 kg and one litre
of diesel emits 2.65 kg CO2 when combusted (Federal Motor Transport Authority, 2011).

14As the complexity of diesel engines increases their initial costs compared to petrol engines (Reinhart, 2016), diesel
cars gain in advantage the heavier and more powerful they are, which has been fostered by the rapid improvement
of the diesel technology (Schipper and Fulton, 2013).

15Yet, the tax amount levied per kilometre would still be lower for diesel cars than for petrol cars if diesel engines
were more efficient than petrol engines (Harding, 2014).

16To derive revenue-neutral tax levels, we calculate the implicit average fuel tax per unit of CO2 emission of private
households in the status quo. To this aim, we aggregate the transport fuel consumption of private households by fuel
type, determine the corresponding CO2 emissions, and relate them to the aggregated fuel tax payments by private
households. The new fuel tax levels for the individual fuel types are obtained by multiplying this average fuel tax
per CO2 by the amount of CO2 emissions of the respective fuel types.
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Carbon tax (Scenario CT): Referring to current policy developments, we simulate the intro-

duction of a carbon tax based on a fixed price for GHG emissions and levied on top of the current

fuel tax (see Table 1). The German parliament has recently introduced carbon pricing by adopt-

ing a national cap-and-trade system for GHG emissions from the transport and heating sectors

(German Federal Government, 2019). Until 2025, the BEHG defines fixed prices for GHG emission

certificates between 25 euro/tCO2 (in 2021) and 55 euro/tCO2 (in 2025). In 2026, the certificates

will be traded within a price range of 55 and 65 euro. This fixed price works like a carbon tax. From

2027 onwards, a capped number of emission certificates is supposed to be traded freely. As scientific

evidence suggests that a higher price will be necessary to reach the GHG emission reduction goals

(e.g. Edenhofer et al., 2019; German Environment Agency, 2019)17, we analyse the distributional

effects of a carbon price of 100 euro/tCO2.18 In line with the relation of the CO2 emission factors

of fuels described in CH, a carbon tax of 100 euro/tCO2 implies an additional 0.2320 euro/l for

petrol and 0.2650 euro/l for diesel. This results in a total tax burden of 0.8865 euro/l for petrol and

0.7354 euro/l for diesel. Without behavioural adjustments, its introduction would, according to our

simulations, lead to a total tax revenue of transport-related taxes on fuels and CO2 emissions of

42, 900 million euro.

Combined Tax Scheme (Scenario CHCT): Finally, we combine the elements of the two

tax regimes in ScenarioCH and ScenarioCT. The resulting reform CHCT, therefore, comprises

the carbon-harmonised fuel tax described above and an additional carbon tax of 65 euro/tCO2.

65 euro/tCO2 corresponds to the upper boundary of the German carbon price in 2026 under current

law.19 At the same time, the scenario represents a combination of the two instruments that appears

justifiable in terms of environmental policy as it, unlike CH, does not lead to potentially unintended

incentives through tax reduction. As can be seen in Table 1, the joint tax per litre of petrol is

0.6889 euro in this scenario. It is composed of the carbon-harmonised fuel tax of 0.5381 euro/l and

the carbon tax of 0.1508 euro/l. For diesel, the joint tax is 0.7869 euro/l, comprising a fuel tax of
17Proposed price scenarios range from 70 euro/tCO2 to 350 euro/tCO2 depending on assumptions, e.g. on price

elasticities.
18A major advantage of choosing 100 euro is the easy proportional conversion of most results into alternative CO2

emission prices. Additional variants with a carbon tax of 25 euro/tCO2 and 100 euro/tCO2 complement the analysis
as a robustness check.

19Note that the additional carbon tax in CHCT differs from CT as we do not interpret CHCT as an “interaction”
of the two first-mentioned scenarios, but rather as a scenario that adds the already decided carbon tax to households’
status quo tax burden. As a robustness, check we also simulate variants of this scenario with a carbon tax of
25 euro/tCO2 and 100 euro/tCO2.
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0.6146 euro/l and a carbon tax of 0.1723 euro/l. Overall, this is equivalent to a unified carbon price

of 297 euro/tCO2, including 232 euro from the carbon-harmonised fuel tax and 65 euro from the

carbon tax. If private households do not adapt their mobility patterns, the expected tax revenue

will amount to 38, 300million euro, which is an increase of 28% compared to the status quo.

3.2 Measurement Concept

First, we need to define a proxy of the households’ financial ability to pay taxes on transport

fuels. As Sterner (2012) points out, the approach taken can have an impact on the results of the

tax incidence analysis. There are two main approaches in the literature, which differ in the time

dimension over which the ability to pay is assessed. One takes a lifetime ability-to-pay approach and

relies on total household consumption expenditures as an indicator. The other follows a short-term

financial capacity approach and focuses on annual income. Poterba (1991) argues for a long-term

approach and finds that annual expenditures are a more reliable indicator of households’ ability

to pay taxes over an entire lifetime because they are less prone to intertemporal fluctuations.

In line with further studies (e.g. Agostini and Jiménez, 2015; Chernick and Reschovsky, 1997;

Hassett et al., 2009), he shows that a short-term approach leads to overestimation of regressivity.

Chernick and Reschovsky (1997) and Teixidó and Verde (2017) question Poterba’s (1991) long-

term approach and the studies that follow his approach. Chernick and Reschovsky (1997) criticise

that the lifetime-ability-to-pay approach relies on several assumptions. This includes high income

mobility, households basing their gasoline consumption on lifetime income rather than current

income and that total consumption needs to be a constant fraction of lifetime income if total

consumption expenditure in a given year is the core variable for the analysis. Teixidó and Verde

(2017) argue that these assumptions influence the reliability and accuracy of the results obtained

by the tax incidence analysis. They reason that households’ consumption choices depend on their

actual financial situations rather than hypothetical lifetime incomes. Furthermore, they argue

that the lack of reliable income data and computational simplicity can explain the frequent use

of Poterba’s (1991) approach. Based on the above reasoning, our study relies on the short-term

ability-to-pay approach. Fuel taxes need to be paid out of current household income in a given year,

which makes the tax burden over current income ratio highly relevant for the perceived burden.

Our database contains high-quality income data, rendering the arguments in favour of the lifetime
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approach less relevant.

Second, to address possible heterogeneity between income groups when analysing absolute and

relative monetary burden, we order the population according to their financial situation. We focus

on income deciles and assign households to ten equally sized groups ordered by their net equivalent

income.20

Table 2: Interpretation of Progressivity and Redistribution Indices

Distributional effect

Index Measure Regressive Proportional Progressive

Suits (S) Tax progression -1 ≤ S < 0 S = 0 0 < S ≤ 1
Kakwani (K) Tax progression -1 ≤ K < 0 K = 0 0 < K ≤ 1

Musgrave/Thin (M) Redistribution 0 ≤ M < 1 M = 1 1 < M < +∞
Reynolds/Smolensky (R) Redistribution -∞ < R < 0 R = 0 0 < R < +∞

Third, we need to find adequate statistical summary measures to evaluate the distributional

effects of taxes on transport fuels. There exist numerous potential approaches (for a more detailed

discussion, see Lambert (2001)). Our analysis relies on the Suits index as a measure that reflects

the progression of the tax (Suits, 1977) and the Musgrave/Thin index to quantify the redistribution

of the tax (Musgrave and Thin, 1948).21. Since previous studies (e.g. Sterner, 2012; Agostini and

Jiménez, 2015) used the Suits index for the analysis of tax incidence, we also resort to this measure.

The Suits index captures the degree of deviation of a tax system from proportionality. It directly

measures the concentration of the tax burden in relation to the concentration of income. As Table 2

summarises, the Suits index ranges from −1 (maximum regressivity) to 1 (maximum progression).

0 indicates proportionality. In addition, we use the concentration curves underlying the Suits index

to identify possible non-monotonic trends that would not be visible in the summary index. Here,

the cumulative share of total tax burden on the horizontal axis is set against the cumulative share

of total income on the vertical axis. The diagonal represents a proportional tax. The concentration
20The concept of net equivalent income relies on the assumption of economies of scale in the cost of living of

multi-person households and on the assumption of an equal distribution of wealth within a given household. The net
equivalent income is calculated by attributing weights to all household members. We take the weighting factors from
the OECD scale which places a value of 1.0 on the head of the household, 0.5 on each additional adult member, and
0.3 on each child. The household’s total income is then divided by the corresponding total weight of the household’s
members, yielding the net equivalent income (Becker et al., 2003).

21The calculation of the indices is performed with the STATA module PROGRES, adopting the assumptions for
cases with no or with negative income (Peichl and van Kerm, 2007)
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curve lies above this diagonal for a regressive tax and below for a progressive tax. As robustness

check, we rely on the Kakwani index (Kakwani, 1977), which determines tax progression as the

difference between the concentration coefficient of the tax and the Gini coefficient of income. It is

greater than 0 for progressive taxation and less than 0 for regressive taxation.

Scenario CHCT combines the revenue-neutral carbon-harmonisation of the fuel tax (as in CH)

with the introduction of an additional carbon tax (as in CT) of 65 euro/tCO2. Since the CH

component essentially serves as a carbon tax, the additional carbon tax of the CT component just

increases its tax burden by a fixed percentage. The ratio between the tax levels of all fuel types is

identical in CH and CHCT, as it is based solely on the CO2 emission factors of the individual fuel

types in both scenarios. As a consequence, the relative tax distribution among households (i.e. tax

progression) as depicted by a concentration curve is identical for CH and CHCT. This is not the

case for the absolute amount of money redistributed by the tax reform. As the Suits and Kakwani

indices do not account for the latter, but only for tax progression, they will suggest no differences

between both reform scenarios. Consequently, CHCT will yield to the same tax progression effect

than CH. We will therefore focus our analysis regarding CHCT on the redistribution effects and

rely on the commonly used index of Musgrave and Thin (1948). It focuses on the distribution of

income towards equality and relates the inequality of pre-tax and post-tax income to each other.

As a robustness check, we additionally refer to the index proposed by Reynolds and Smolensky

(1977). The Musgrave/Thin index is larger (smaller) than 1 for progressivity (regressivity), while

the Reynolds/Smolensky index is larger (smaller) than 0 (see Table 2). These indices do not only

consider the progression of a tax, but also its amount (Lambert, 2001, p. 207f). The latter aspect

constitutes an important difference to the Suits and Kakwani indices. A change in tax rates by a

fixed percentage with the same tax structure is reflected in the values of the redistribution indices,

whereas there is no change in the tax progression indices.

3.3 Hypotheses

As described in Section 2, the average annual mileage of petrol and diesel cars increases with

household income. This increase is much stronger for diesel than for petrol. Car-ownership rises

with household income (Nobis and Kuhnimhof, 2018) and fuel efficiency is comparatively unaffected

by income (Jacobs and Quack, 2018). With rising income, households therefore consume more
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petrol and diesel on average. Fuel taxation will yield a regressive effect if average fuel consumption

increases less than proportionally with household income. Based on the above reasoning and in line

with Bach et al. (2019), we expect fuel taxes on petrol (diesel) to have a regressive (progressive)

effect in the German status quo tax scheme (Scenario SQ). In addition to these fuel-dependent

distribution effects, when studying the overall effect of the fuel tax, one must consider that, in

total, private households consume around 40% more petrol than diesel (Federal Statistical Office,

2020). Accordingly, the tax on petrol contributes more to the aggregate effect of the entire fuel tax

than the tax on diesel. Similar effect sizes for both individual taxes would, on aggregate, imply an

overall regressive effect. Additionally, the proportion of petrol to diesel consumption decreases with

income, and, therefore, the average tax paid per litre of fuel also decreases with income. Summing

up the above arguments and the literature discussed in Section 2, we end up with the following

hypotheses:

Hypothesis 1a: The transport fuel tax on petrol (Scenario SQ) has a regressive effect.

Hypothesis 1b: The transport fuel tax on diesel (Scenario SQ) has a progressive effect.

Hypothesis 1c: On aggregate, the transport fuel tax (Scenario SQ) has a regressive effect.

The revenue-neutral carbon-based harmonisation of the fuel tax (ScenarioCH) implies an in-

crease of the progressive diesel tax and a decrease of the regressive petrol tax. We expect the joint

effect of these tax changes to be clearly progressive. Also, the results of our preceding analysis

strongly point into this direction (Jacobs and Quack, 2018). These considerations yield:

Hypothesis 2: The amendment of the transport fuel tax to a revenue-neutral carbon-harmonised

fuel tax (ScenarioCH) has a progressive effect.

Just like the carbon-harmonised transport fuel tax, the additional carbon tax (ScenarioCT)

would be around 14% higher for one litre of diesel than for one litre of petrol. As the proportion of

petrol to diesel consumption decreases with income, the average carbon tax per litre of fuel would

increase with income, yielding a progressive partial effect. It remains theoretically unclear whether

the total effect of this partial effect and the above-mentioned effects of car ownership, annual

mileage, and fuel efficiency increase the average carbon tax expenditures more than proportionally

to the household income. Only in this case we would observe a joint progressive distributional effect.
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Compared to the existing fuel tax, the carbon tax on transport fuels should be less regressive or

even more progressive, as petrol taxes are substantially lower than diesel taxes. The evidence from

the international studies mentioned above does not provide an unambiguous picture. However, the

studies on this subject in Germany indicate slight regressivity (Bach et al., 2019, 2020; Gechert

et al., 2019; Stiftung Arbeit und Umwelt der IG BCE, 2019). Since overall the arguments for

regressivity prevail, Hypothesis 3 reads:

Hypothesis 3: A carbon tax on transport fuels (ScenarioCT) has a regressive effect.

According to our considerations above, we expect a progressive effect of the fuel tax reform (Sce-

narioCH) and a regressive effect of the carbon tax (ScenarioCT). Our last reform CHCT combines

the core elements of CH (revenue-neutral carbon-harmonisation of the fuel tax) and CT (intro-

duction of an additional carbon tax of 65 euro/tCO2). The tax burden of the carbon-harmonised

fuel tax is equivalent to a 232 euro carbon tax. Introducing the additional carbon tax, therefore,

increases the tax burden relative to CH by a fixed percentage. As argued in Subsection 3.2, this

leaves tax progression in CHCT unaltered compared to CH. We therefore focus on the absolute

amount of money redistributed by the tax reform when analysing the effects of CHCT. To derive

a hypothesis regarding the redistributional effects of this reform scenario, it appears to be helpful

to compare the effects of petrol (Hypothesis 1a) and diesel (Hypothesis 1b) taxation. Compared to

the status quo, on the one hand, the petrol tax would increase by 0.0344 euro/l, which we expect

to have a regressive redistributional effect. On the other hand, the diesel tax would increase by

0.3165 euro/l and thus nine times as much, for which we expect a progressive effect of a correspond-

ing magnitude. The relation of the tax increases suggests that we will observe a regressive total

effect only if the regressive effect of petrol (Hypothesis 1a) is much stronger than the progressive

effect of diesel (Hypothesis 1b). Our last hypothesis summarises these considerations:

Hypothesis 4: Amending the transport fuel tax to a revenue-neutral carbon-harmonised fuel tax

in combination with the introduction of a 65 euro carbon tax on transport fuels (ScenarioCHCT)

does not yield a regressive redistribution effect.
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4 Data

In Subsection 4.1, we describe the microsimulation model and the data we use to analyse the tax

incidence of the policy regimes described above. Subsection 4.2 presents descriptive statistics of key

variables.

4.1 Microsimulation Approach

This study represents the first application of the Car Tax Model (CARMOD), a static partial

microsimulation model based on an integrated mobility dataset.22 CARMOD simulates the tax

incidence of the year 2017 for passenger cars of private households under the German institutional

framework. We focus on the first-round effects (“morning-after effects”) of the variations in the tax

regimes. Indirect effects which can arise due to behavioural responses and changes of consumption

prices other than taxes (Pizer and Sexton, 2019) are not taken into account. In a similar, yet less

detailed approach for seven European countries, Sterner (2012) finds that the distributional effects

of fuel taxes do not differ much regardless of whether indirect effects are taken into account or not,

especially in high-income countries. Our approach, thus, allows deriving clear-cut first-round effects

without relying on additional assumptions related to the estimation of behavioural responses.23

For the present paper, CARMOD incorporates the new fiscal instruments as well as all existing

excise duties on transport fuels, which are the fuel tax and the value added tax.24 The microsimu-

lation model computes each household’s individual tax burden by applying the tax scheme to the

corresponding household and car characteristics.

Since no existing dataset contains all variables needed for our investigations, the integrated

database of CARMOD is composed of four national German household surveys: The data of

MiD2017 serves as the fundament, which is supplemented by additional information of the MOP2017,

the EVS 2018, and the German vehicle mileage survey (FLE) 2014.25 This provides us with an ex-
22The model has been developed to conduct the analyses presented in this paper. A more technical description of

the model and data can be found in Quack and Jacobs (2021).
23When running a robustness check with a simplified behavioural response assuming a universal fuel price elasticity

of 0.5, we basically find less pronounced effects. Yet the main results provided in the remainder of the paper remain
qualitatively stable. A discussion on the potential differences between direct and indirect effects is provided in
Section 6.

24Taxes on electricity – but also on the fuels that produced this electricity – used by plug-in electric cars are not
taken into account, as their impact is negligible to date.

25The information of the FLE is not used in our analysis, therefore no description is provided.
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ceptionally rich database on which we build our microsimulations.

At the time of data collection – between May 2016 and September 2017 – the MiD was the

world’s largest household survey on private mobility. With nationwide representative data on

316, 361 individuals in 156, 420 households owning 216, 844 passenger cars, it provides unparalleled

information (Eggs et al., 2018). The MiD contains the usual demographic aspects as well as

sophisticated data on mobility patterns of the household members, complemented by relevant

economic indicators such as net household income. It covers information on up to three passenger

cars that exist in each household. The car data includes annual mileage and fuel type, which largely

determine the analysed tax burden. Auxiliary attributes like a car’s year of construction, vehicle

segment26, and engine power27, which are used for data imputation, supplement the car data.

The MOP, collected as an annual panel since 1994, includes detailed information on the mobility

behaviour and car use of households. The wave used in our study comprises 1, 850 households

representative of Germany in the reporting period 2017, for which 1, 602 car-specific fuel logbooks

were collected in spring 2018 (Ecke et al., 2019). The fuel logbooks provide data on fuel consumption

measured in real operation, on mileage, and on individual vehicle specifications like the fuel type

and the vehicle type. As the MiD lacks information on actual fuel consumption, the database is

supplemented by corresponding variables of the MOP.

The EVS data provides representative statistics on the living conditions of German households.

Since 1962/63 it has been conducted every five years by the Federal Statistical Office and the

statistical offices of the German states. Due to its comprehensive data quality, it acts as official

source for the Federal Government and other national institutions. With about 60, 000 households,

it is the largest official dataset on income and expenditures within the European Union. For

the purpose of this study, the EVS2018 (Research Data Centres of the Statistical Offices of the

Federation and the Federal States, 2018) provides income information for households with a monthly

net income of 9, 000 euro and more, as these incomes are censored within the MiD.

Around 4% of the cars in the MiD data contain missing information on the attributes relevant
26Although the questionnaire also asked for cars of the vehicle segment camper vans, the data does not comprise

information about this segment. Instead, the data handles camper vans as if they belonged to other vehicle segments,
primarily utilities or large vans. Due to the small share of camper vans in the vehicle fleet, we consider this inaccuracy
as insignificant for our results.

27Engine power, as some other variables, has been collected only within a base sample, which comprises 33, 389
households.
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for the tax incidence analysis.28 Additionally, the fuel consumption of cars is not included in

the survey. In the following paragraph, we briefly describe how we deal with missing data and

unobserved attributes in our analysis.29

98.5% of missing information on engine power is missing due to the survey design, as the

corresponding households were not asked to report the engine power of their car. They can thus be

considered as missing completely at random (MCAR). We, however, also observe item non-response

in some cases. We assume that the missing observations of the car’s fuel type, annual mileage, and

year of construction, but also those missing observations of engine power that are not MCAR, are

missing at random (MAR).30 According to Allison (2009), listwise deletion of observations with

missing data that are MAR is legitimate only in specific situations.31 Deleting observations that

are MAR imposes the risk of biased results in a microsimulation setting, as the remaining data

does not represent the exact distributions and interrelations of the original population. Instead of

deleting these observations, we follow Rubin (1987) and apply multiple random imputation (MI).

The idea of MI resembles a Monte Carlo approach for the application of missing data (Schafer,

1997). For each of the n copies of the data set, the missing values are estimated by regressing

the missing variables on a set of suitable explanatory variables. Compared to single imputation

approaches, the amount of uncertainty introduced by the randomness of the imputation method

is represented in the standard errors of the imputed variables over all n datasets (Allison, 2009).

Missing data techniques like MI are also applied when attributes are not only partially missing but

missing completely. In that case a donor dataset is required to add the missing attribute to the

recipient dataset. Both datasets need to contain the same attributes, matching in scale and levels,

which provide sufficient explanation for the missing attribute.32

28The car’s fuel type (0.4% missing) and annual mileage (3.9% missing) determine the energy tax and the CO2
tax directly. The attributes year of construction (2.5% missing), vehicle segment (4.9% missing), and engine power
(94.1% missing) are not needed to determine the tax directly but are used as explanatory variables for the imputation
attributes of the missing data of fuel type and annual mileage.

29A detailed description of the imputation techniques applied in our model is provided in Quack and Jacobs (2021).
30Missing data is said to be MCAR if neither other attributes nor the missing attribute itself influence the

probability of the attribute to be missing. It is said to be MAR if the value of the missing data does not influence
the probability that the data is missing after controlling for other attributes. As long as the data is MCAR or MAR
it is not necessary to model the missing data mechanism within the imputation process (Allison, 2009).

31Regression analysis for example produces unbiased estimates if the dependent variable does not influence the
probability of any missing data of independent variables (Allison, 2009).

32This application is referred to as statistical matching (e.g. Alpman, 2016; Cohen, 1991; D’Orazio et al., 2006;
Leulescu and Agafitei, 2013). Statistical matching implies higher statistical uncertainty than imputing missing values
for only a fraction of the observations based on the same dataset.
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CARMOD therefore applies the concept of MI to the handling of missing data and the inte-

gration of unobserved attributes within a computationally intensive procedure.33 In the first step,

any missing observations of fuel type and annual mileage of the MiD cars are imputed. Further-

more, the fuel consumption of all cars is predicted based on MOP data and monthly net incomes

of 9, 000 euro and above are predicted based on EVS data. This is repeated 150 times, as this

number of iterations tends to be a sufficient compromise between computational requirements and

statistical accuracy.34 This procedure generates 150 copies of the original dataset that only differ

in the imputed values and the matched attributes. In the second step, each individual household’s

tax burden is simulated for each dataset yielding 150 slightly different results. In the third step,

CARMOD pools these results by calculating their mean and their accompanying standard devi-

ation. This allows to quantify the statistical uncertainty caused by the randomness of the data

integration process. As a robustness check, we additionally simulate a model with 500 imputation

iterations. The results and their standard deviations differ only marginally from each other without

compromising their message.35

4.2 Descriptive Statistics

The study population of the CARMOD database consists of 156, 420 households, which extrapolates

to 41.0million private households in Germany with a total of 43.7million passenger cars.36 Since

this paper focuses on the analysis of distributional effects, we present descriptive statistics across

all households and separately by deciles according to their net equivalent income. As reported in

Table 3, households’ average net income is around 1, 120 euro in the 1st decile and rises to 6, 120 euro

in the 10th decile. 22.5% of all households reported that no car existed in their household. 53.3%

have one car, 24.2% have more than one car.37 The share of households without cars varies across
33Both imputation steps are conducted with Stata 16 using the MI command (StataCorp, 2019).
34White et al. (2011) suggest to use at least as many imputation iterations as the share of incomplete observations

multiplied by 100. Since we not only impute missing values for a fraction, but for all observations, we therefore need
at least 100 iterations of imputation.

35Detailed results are available on request.
36This includes privately and commercially registered cars, and thus also privately used company cars, as long as

they are at a private household’s disposal. Taxis, for example, may be considered depending on the judgement of the
corresponding households. Vehicles used to transport goods, such as light commercial vehicles used by craftsmen,
are not part of the data.

370.6% of the observed households report having more than three cars. As the data only provides detailed
information on up to three cars per household, it lacks information on 1.7% of all households’ cars. Our analysis,
thus, tends to underestimate households’ average tax burden. However, given the small number of households with
truncated information, we argue that the effects on our results are negligible.
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deciles: it is highest in the 1st decile (53.4%) and drops to 11.4% in the 10th decile. Around 40% of

households in the 10th decile own more than one car, whereas this share only amounts to 6% in the

1st decile. Most cars (66.7%) of private households are petrol cars, followed by diesel cars (31.6%).

A subordinate role is taken by liquified petroleum gas (LPG) or compressed natural gas (CNG)

fuelled cars (1.0%), hybrid cars (0.6%), and all-electric cars (0.1%).38 The share of diesel cars

increases with household income: it is more than twice as high among households in the 10th decile

(43.3%) than in the 1st decile (20.9%).

The average annual mileage per car-owning household amounts to around 19, 800 km. House-

holds in the upper deciles drive more on average than households in the lower deciles, with the

average annual mileage increasing successively from around 15, 000 km (1st decile) to 26, 000 km

(10th decile). The average annual mileage per car amounts to around 14, 600 km, with petrol cars

being driven 11, 800 km on average and diesel cars almost twice as much (20, 600 km). The annual

mileage of both increases (with some fluctuations) with income. This increase is more pronounced

for diesel cars.

Cars owned by households from the 1st decile are on average 11.9 years old, which is 4.3 years

older than in the 10th decile. Despite being older, the cars of households in the 1st decile have

the lowest fuel consumption compared to the other deciles, with an average of 6.8 litres of diesel

and 7.6 litres of petrol per 100 km. Households in the 1st decile therefore have the lowest average

CO2 emissions per 100 km. These amount to 17.1 kg/100 km and rise with slight fluctuations to

18.6 kg/100 km in the 10th decile.

A household’s average fuel tax burden per tonne of CO2 depends on fuel consumption and fuel

type. Due to the fuel-specific carbon prices of the fuel tax, the tax burden per tonne differs among

households. For example, households in the 1st decile pay 310 euro/tCO2, whereas households in

the 10th decile pay only 270 euro/tCO2. A similar, albeit less pronounced, picture emerges when the

average tax burden is set in relation to kilometres. Households from the 1st decile pay an average

fuel tax of 5.30 euro/100 km, whereas households in the 10th decile pay only 5.10 euro/100 km.
38As the data provides no distinction between LPG and CNG, which accounted for 0.2% of the car fleet in 2017,

we assume for the simulation that all gas-powered cars are fuelled by LPG due to its dominant share in the German
car fleet (Federal Motor Transport Authority, 2017). For similar reasons, we assume that all hybrid cars run on
petrol. Hybrid cars also comprise plug-in hybrid electric cars, which accounted for about 6% of hybrid cars registered
by private households in 2017 (Federal Motor Transport Authority, 2017). Similar to all-electric cars, electricity
charging of plug-in hybrid electric cars is not subject to fuel taxation and is therefore not considered.
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In the later analysis, we will not only focus on the distributional effects of the total population,

but consider population subgroups that, in addition to their economic situation, are likely to be

particularly affected by a change in fuel taxes due to their occupational, geographical, or social

situation. Their special requirements as well as dependencies on mobility motivate these subgroup

analyses. As a first subgroup, we consider households with commuting mobility patterns (com-

muters) who might particularly depend on driving due to their occupational situation and thus

might be strongly affected by changes in fuel taxation.39 The share of commuters increases across

income deciles. In the 1st decile, commuters make up just over 10% of all households, in the middle

of the income distribution already about 30%, and in the 10th decile this share is almost 50%.

Due to their geographical location and thus possible longer distances and a higher reliance on cars,

households living in rural areas comprise the second subgroup (rural households). According to the

summarised regional statistical spatial type of the MiD2017, we divide the sample into rural and

urban households.40 The proportion of households living in rural regions decreases from the 1st

to the 9th decile from almost 40% to around 30%. In the 10th decile, only a quarter of households

live in rural areas. As a third subgroup dimension, we differentiate between households with and

without children. The subgroup families includes households with at least one person younger than

18 years of age. The share of families is about 19% and varies considerably between income deciles.

5 Simulation Results

This section describes the simulation results. We start with the distributional effects of fuel taxes

in the status quo in Subsection 5.1 and present the results for the three reform scenarios in Sub-

sections 5.2, 5.3, and 5.4.
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Table 4: Results of Progressivity and Redistribution Indices

Scenario

SQ CH CT CHCT

Tax Petrol Diesel Tax Reform Tax Reform Tax Reform
effect only only effect effect effect effect effect effect

Index (1) (2) (3) (4) (5) (6) (7) (8) (9)

Suits -0.0309 -0.1209 0.1393 -0.0022 0.0288 -0.0222 0.0087 -0.0022 0.0288
Kakwani -0.0194 -0.1053 0.1428 0.0081 0.0275 -0.0111 0.0083 0.0081 0.0275
Musgrave/Thin 0.9989 0.9975 1.0012 0.9997 0.0008 0.9985 -0.0003 0.9995 0.0006
Reynolds/Smolensky -0.0008 -0.0017 0.0008 -0.0002 0.0006 -0.0010 -0.0002 -0.0004 0.0004
Sources: Microsimulation based on MID 2017, MOP 2017/2018 and EVS 2018.
Notes: Columns (5), (7), and (9) display the differences between the reform scenarios’ tax effects (Columns 4, 6, and 8) and SQ (Column 1).

5.1 Status Quo of the Fuel Tax (Scenario SQ)

Columns (1) to (3) of Table 4 report the aggregated distributional effects of the fuel tax in the status

quo (Scenario SQ). All reported index values in the results section significantly (p < 0.001) larger

(progressive) or smaller (regressive) from 0 (Suits, Kakwani, and Reynolds/Smolensky indices) or

1 (Musgrave/Thin index).41 For the sake of brevity, we, therefore, do not report the p-values when

referring to these coefficients. We, however, report p-values when comparing index values between

reform scenarios. Consistent with Hypotheses 1a and 1b, the Suits index for the fuel tax on petrol

(−0.1209) indicates a regressive tax progression, while the progression of the fuel tax on diesel

(0.1393) is progressive. The Suits index of the overall fuel tax (−0.0309) is negative, indicating a

regressive effect. It is, however, substantially closer to proportionality (0) than to extreme regres-

sivity (−1). If anything, this result tends to speak in favour of Hypothesis 1c, though the economic

significance remains questionable. The redistribution effects measured by the Musgrave/Thin in-

dex are in line with the findings on tax progression measured by the Suits index. They indicate a

regressive redistribution for the overall fuel tax (0.9989) and the fuel tax on petrol (0.9975), and

a progressive redistribution for the fuel tax on diesel (1.0012). Both the Kakwani index and the

Reynolds/Smolensky index support our conclusions for all three hypotheses.
39As the data does not contain a direct classification of a household as “commuter”, we define this subgroup as

follows: To capture those who work at least in a half-day job and, thus, potentially commute regularly, we consider
persons who are employed with more than 18 hours of working time or who are trainees. Persons who do not report
daily or almost daily car use, persons without car driving license ownership, persons without car availability, and
persons living in households that report not having a car are not considered commuters.

40Further information on the typology of the German regions is provided by the Federal Ministry of Transport
and Digital Infrastructure (2020).

41The statistical tests provided in this analysis refer to the uncertainty due to the imputations of missing data.
All p-values correspond to one-sided t-tests.
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Figure 1: Concentration Curves for Scenarios

Source: Microsimulation based on MID2017, MOP2017/2018 and EVS2018.
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Panel (A) of Figure 1 depicts concentration curves, relating the cumulative share of the total

tax revenue (vertical axis) to the cumulative share of total household income (horizontal axis).

Although they are conceptually closely related to the Suits index, they provide additional insights

into the distributional effects of fuel taxation as they map the tax progression across the entire

income distribution. The concentration curve of petrol taxation (wide dashed line) runs in a

smooth arc constantly above the proportionality line, reflecting its regressivity. It shows that 80%

of the tax revenues of petrol are paid by only a little more than 70% of households. The fine dashed

line depicts the concentration curve for the taxation of diesel. It is below the proportionality line

for most of the income distribution, indicating progressivity. Especially in the lower half of the

income distribution, its distance from the proportionality line is larger than for the fuel tax on

petrol. Interestingly, the concentration curve intersects the proportionality line just ahead of the

top income decile and runs above it. Finally, the solid line shows the combination of the effects

of petrol and diesel. On aggregate, the progressive petrol tax and the regressive diesel tax yield a

concentration curve of the overall fuel tax which runs almost exactly on the proportionality line up

to the middle of the income distribution, implying that below this income level, the ratio of income

and tax burden is rather balanced. In the upper half of the income distribution, the concentration

curve leaves the proportionality line and runs above it, which, in total, indicates a regressive tax

effect.

We, next, consider the distribution of the average tax burden across income deciles. The fuel

tax levied on private households’ annual transport fuel consumption increases from an average of

330 euro in the 1st decile to 1, 090 euro in the 10th decile (Column 1 of PanelA in Table 5). The

share of net income spent on fuel tax also tends to decrease with increasing income, albeit quite

slightly (Column 2).

Figure 2 depicts the relative tax burden by income deciles graphically. The solid line illustrates

that this share does not fall monotonously, but has small fluctuations in the middle of the income

distribution. Given the rather small differences across deciles, we cautiously interpret the results

in favour of a weakly regressive tax burden. Figure 2 also confirms the regressive trend for the

taxation of petrol fuel and the progressive trend for the taxation of diesel fuel as indicated by the

aggregated measures. For diesel, the tax burden relative to income nearly doubles between the

lowest and the highest decile, while it is halved for petrol.
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Table 5: Average Absolute and Relative Tax Burden by Net Equivalent Income Decile

Scenario

SQ CH CT CHCT

Tax effect Reform effect Reform effect Reform effect
abs. rel. abs. rel. abs. rel. abs. rel.
euro % euro % euro % euro %

Decile (1) (2) (3) (4) (5) (6) (7) (8)

A
ll
ho

us
eh

ol
ds

(P
an

el
A
) 1 330 2.3 -20 -0.2 140 0.9 70 0.4

2 480 2.3 -30 -0.2 200 0.9 100 0.4
3 600 2.3 -30 -0.1 250 0.9 130 0.5
4 660 2.2 -20 -0.1 280 0.9 150 0.5
5 710 1.9 -10 -0.1 300 0.8 190 0.5
6 730 2.1 -10 -0.1 310 0.9 190 0.5
7 850 2.0 10 0.0 370 0.8 250 0.5
8 920 2.0 20 0.0 400 0.9 280 0.6
9 930 2.0 30 0.1 420 0.9 300 0.6
10 1,090 1.6 70 0.1 500 0.7 390 0.6

W
in
ne

r
(P

an
el

B
)

1 - - -120 -0.9 - - - -
2 - - -120 -0.6 - - - -
3 - - -130 -0.5 - - - -
4 - - -130 -0.5 - - - -
5 - - -140 -0.4 - - - -
6 - - -140 -0.4 - - - -
7 - - -160 -0.4 - - - -
8 - - -160 -0.4 - - - -
9 - - -170 -0.4 - - - -
10 - - -180 -0.3 - - - -

Lo
se
r
(P

an
el

C
)

1 - - 220 1.4 290 2.0 150 0.9
2 - - 220 1.0 300 1.4 160 0.7
3 - - 230 0.8 310 1.2 170 0.6
4 - - 230 0.7 340 1.1 190 0.6
5 - - 240 0.6 380 1.0 230 0.6
6 - - 240 0.7 380 1.1 230 0.6
7 - - 260 0.6 450 1.0 300 0.7
8 - - 270 0.6 480 1.0 330 0.7
9 - - 280 0.6 490 1.0 350 0.7
10 - - 310 0.5 560 0.8 440 0.6

Sources: Microsimulation based on MID 2017, MOP 2017/2018 and EVS 2018.
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Figure 2: Distribution of Relative Tax Burden in Scenario SQ

Source: Microsimulation based on MID2017, MOP2017/2018 and EVS2018.

Result 1: The findings presented in this subsection are consistent with Hypotheses 1a (regres-

sivity of the tax on petrol) and 1b (progressivity of the tax on diesel). In sum, the results for the

tax on transport fuel yield weak support of Hypothesis 1c (i.e. a regressive effect of the status quo

fuel tax scheme).

While this paper focuses on the vertical distributional effects of alternative policy scenarios, our

data additionally allow us to analyse horizontal heterogeneity between subgroups of the population.

We, therefore, compare the average fuel tax burden in relation to income for commuters, families,

and households living in rural areas as defined in Subsection 4.2. Figure 3 depicts the change in

relative tax burden per income decile for the different subgroups. With the exception of families in

the 10th decile, the three groups face a higher tax burden compared to the total of all households.

The tax particularly burdens commuters in the lower four deciles, with almost a threefold higher

tax share (compared to all households) in the 1st decile. Although their tax burden decreases with

increasing income, it is well above the tax burden of families and rural households. Only in the

10th decile, the tax burdens of commuters and rural households nearly match. In the lower half of

the income distribution, the tax burdens of families and rural households are at a similar level. In

the upper income half, the tax burden on families tends to converge with the slightly decreasing

level of the total population, whereas that of rural households remains constantly higher.
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Figure 3: Distribution of Change in Relative Tax Burden for Subgroups in Scenario SQ

Source: Microsimulation based on MID2017, MOP2017/2018 and EVS2018.

5.2 Carbon-Harmonised Fuel Tax (Scenario CH)

The revenue-neutral harmonisation of the fuel tax described in Subsection 3.1 yields changes in the

ratio between the taxes on petrol and diesel due to their different CO2 emission factors. While

in the status quo, the tax per litre of petrol is 0.1841 euro higher than that of diesel, the tax per

litre of petrol will be 0.0766 euro lower than that of diesel after the harmonisation (see Table 1).

Households with only diesel passenger cars will, thus, face a price increase and households with only

petrol passenger cars will face a decrease. For households owning both diesel and petrol vehicles,

the identification of reform “winners” and “losers” depends on the composition of the emissions

actually caused: If the share of a household’s emissions caused by petrol cars is sufficiently high,

the higher costs due to the increased taxation of diesel will be overcompensated and the household

will benefit from the reform.

As can be seen in Column (4) of Table 4, the four summary measures describing the reformed fuel

tax in ScenarioCH hardly indicate an overall deviation from proportionality. The indices of Suits

(−0.0022), Musgrave/Thin (0.9997), and Reynolds/Smolensky (−0.0002) denote a regressive tax,

while the Kakwani index (0.0081) denotes a progressive tax. All indices increase unambiguously

and significantly (p < 0.001) compared to the status quo (Column 5). Both tax progression indices

increase by almost the same amount (Suits index +0.0288, Kakwani index +0.0275), indicating
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a progressive shift. The increase of the redistribution indices of Musgrave/Thin (+0.0008) and

Reynolds/Smolensky (+0.0006) supports the interpretation of a progressive distributional effect

due to the tax reform (Hypothesis 2), although it is very small in magnitude.

The positive shift in the Suits index is reflected by the CH concentration curve (dashed line)

running below the SQ curve (solid line) in Panel (B) of Figure 1. In the upper half of the income

distribution, the regressive course is weakened, while in the lower half of the distribution even a

slightly progressive course is discernible.

Table 5 reveals a considerable amount of heterogeneity in the changes in average tax burdens

across income deciles. Taking all households into account (PanelA), the lower 60% of the income

distribution are, on average, relieved (Columns 3 and 4), while the households in deciles 7 to 10, on

average, pay more taxes than in the status quo. Overall, the monetary effects of the reform tend

to be relatively small. The average reliefs in the yearly tax burden range from 10 to 30 euro, which

amounts to 0.2% of the relative burden at maximum. The households in the highest four deciles

have to pay additional taxes of between 10 (7th decile) and 70 euro (10th decile). This corresponds

to a relative additional burden of a maximum of 0.1%.

The average effects per decile, however, hide heterogeneity within deciles. One of the strengths

of our microsimulation approach is that we can identify winners and losers within income deciles.

Figure 4 depicts the shares of households per decile that win or lose from fuel tax harmonisation.

This figure does not only focus on the extensive margin (winning or losing due to the reform), but

also on the intensive margin (extent of winning or losing as measured by the change in the ratio of

tax burden to income). The share of losers tends to be considerably smaller among households in

the lower income groups: Only 10% of the households in the 1st decile experience a monetary loss,

whereas 36% benefit from the reform. The 53% of the households who are unaffected in this decile

are those who do not own a car. The share of winner households rises with income from decile 1

to 4. Subsequently, it tends to fall slightly in the second half of the income distribution. Since the

share of households without a car decreases with income, the share of losers also increases. The

proportion of households with losses of more than 1% of income is rather small and ranges between

3% and 6% without a clear trend, while the share of households that are mildly negative affected

(loss between 1% and 0%) rises with income and quadruples from the 1st to the 10th decile (42%).

Complementary, Table 5 splits the sample into winner (Panel B) and loser (Panel C) households
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and reports their average additional tax relief and burden. Both the additional tax relief and

burden increase with income. While the absolute tax relief ranges from 120 euro (1st decile) to

180 euro (10th decile), the average additional burden amounts to 220 euro and 310 euro, respectively

(Column 3 in Panels B and C). In relative terms, lower incomes benefit on average more than upper

incomes among the winners (Column 4 in Panel B). The additional tax burden for low-income

households that lose on average amounts to 1.4% of their income, which is the highest relative

burden (Column4 in Panel C). Even though the monetary effects of the tax reform do not seem to

be overly large on aggregate, the results of this more detailed analysis show that the introduction

of the carbon-harmonised fuel tax has non-negligible monetary effects for both the winning and the

losing households – with the share of losers increasing drastically with income.

Figure 4: Distribution of Winners and Losers in ScenarioCH

Source: Microsimulation based on MID2017, MOP2017/2018 and EVS2018.

Result 2: The overall progressive effect measured by a positive shift in the Suits index and

the course of the corresponding concentration curve as well as the analysis of winning and losing

households point to support for Hypothesis 2.

A revenue-neutral harmonisation of the fuel tax can lead to heterogeneous effects not only ver-
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tically, but also horizontally. Figure 5 depicts the changes in the average relative tax burden across

the income distribution for the subgroups defined in Subsection 4.2. As for the total of all house-

holds, lower income groups are relieved, upper income groups are burdened. However, compared to

the aggregate over all households, even lower deciles are burdened by the tax reform in the subgroup

analyses. Families in particular are only relieved in the 1st and 2nd deciles. In comparison to all

households, families are more heavily burdened, regardless of their income situation. Differences

across deciles are most strongly pronounced for commuters and rural households. In the two lower

deciles, the relief is greater than for all households. For higher incomes, the relief is lower and the

burden higher.

Figure 5: Distribution of Change in Relative Tax Burden for Subgroups in ScenarioCH

Source: Microsimulation based on MID2017, MOP2017/2018 and EVS2018.

5.3 Carbon Tax (Scenario CT)

We now analyse the distributional effects of an additional carbon tax of 100 euro/tCO2 as described

in Subsection 3.1 (ScenarioCT).

The resulting Suits index is −0.0222 (Column 6 of Table 4). Its increase compared to the status

quo is statistically significant (p < 0.001) and equals 0.0087 (Column 7 of Table 4), which suggests

a (weakly) progressive shift in tax progression caused by the carbon tax. This result is supported

by the almost equally large change of the Kakwani index (0.0083, p < 0.001). Our two measures of

redistribution, the Musgrave/Thin index (−0.0003) and the Reynolds/Smolensky index (−0.0002),
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however, decrease slightly, but statistically significantly (p < 0.001). In contrast to the (weakly)

progressive shift in tax progression, they suggest that the carbon tax implies a (weakly) regressive

redistribution. Overall, these results point to a tendency towards a proportional reform effect rather

than a regressive effect, as proposed in Hypothesis 3.

Panel (C) of Figure 1 depicts the concentration curves for the status quo (solid line) and the

carbon tax (dashed line). The introduction of the carbon tax increases progressivity at the bottom

of the income distribution and reduces regressivity at the top. The shift is more visible in the

middle of the income distribution.

Column (5) in Panel (A) of Table 5 reports the increases in average tax burdens by income

deciles. In absolute terms, the monetary burden caused by the carbon tax increases with income.

On average, the additional annual burden amounts to 140 euro in the 1st decile and equals 500 euro

in the 10th decile. Considering the burden measured in relation to household income yields a less

clear pattern. It amounts to between 0.7 and 0.9% (Column 6 in PanelA of Table 5).

The analysis so far included those households that do not own a car and are, thus, not directly

affected by the carbon tax. Focusing only on households who own a car, Column (5) of Panel (C)

of Table 5 reveals that their annual additional burden is inevitably higher than for the whole

population. On average, it amounts to 290 euro in the 1st decile and increases to 560 euro in the

10th decile. This translates into a higher relative burden in all deciles. Its increase is stronger

among those households with lower incomes, reflecting the heterogeneity in the share of households

without cars. Column (6) of Panel (C) shows that the relative burden decreases with income, which

suggests regressivity of a carbon tax if we only examine households affected by the tax: On average,

affected households in the 1st decile additionally pay 2.0% of their net income due to the reform,

while the 10th decile only pays 0.8%.

Result 3: Hypothesis 3 led us expect a regressive effect of the carbon tax on transport fuels.

Considered together, the aggregated measures and the detailed consideration of the relative tax

burden between the income deciles lead to a rejection of Hypothesis 3. Focusing the analysis on

the subgroup of car owners only, however, yields a pattern which is consistent with the hypothesis.

The subgroup results resemble those of the status quo. The carbon tax particularly affects low-

income households that commute. Figure 6 shows that, for the 1st decile, their average additional

tax burden is almost three times higher than for the total of all households. Not only commuting
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households in lower deciles are comparatively more affected. Although commuters’ additional

relative tax burden decreases with rising income, it is considerably higher than the relative tax

burden of all households, families, and rural households. Likewise, the additional relative tax

burden of families and rural households is higher than that of all households, except for families in

the 10th decile.

Figure 6: Distribution of Change in Relative Tax Burden for Subgroups in ScenarioCT

Source: Microsimulation based on MID2017, MOP2017/2018 and EVS2018.

5.4 Combined Tax Scheme (Scenario CHCT)

The last policy scenario combines the basic features of ScenarioCH and ScenarioCT: We replace

the fuel tax by a revenue-neutral carbon-harmonised fuel tax combined with the introduction of a

65 euro carbon tax (see Subsection 3.1).

As reported in Subsection 5.2, overall, CH leads to a progressive effect as measured by the Suits

and Kakwani indices. Both indices only take into account the tax level ratio between fuel types,

which remains unchanged in CHCT (see Subsection 3.2). Their values will, thus, not differ between

CH and CHCT (Columns 5 and 9 of Table 4): Regardless of the CT value, they indicate a progressive

shift in tax progression. Accordingly, the shifts of the concentration curves are identical in Panels

(B) and (D) of Figure 1. As described above, we therefore focus on the redistribution effect of

the tax in this subsection. In SQ, the Musgrave/Thin index equals 0.9989, which, consistent with

the Suits index, implies weakly regressive redistribution. With the carbon-harmonised tax (CH),
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the Musgrave/Thin index slightly increases to 0.9997, indicating a shift towards a more equal (and

almost proportional) redistribution. While the tax rate structure remains the same in CHCT (as

argued in Subsection 3.2), households’ tax burden increases compared to CH due to the carbon tax.

Compared to SQ, this higher tax burden in CHCT yields a slight increase of the Musgrave/Thin

index. This increase by 0.0006 (p < 0.001) to 0.9995 is marginally smaller than for CH. However,

it still indicates a (small) progressive effect on the income distribution, which is supported by the

Reynolds/Smolensky index (+0.0004, p < 0.001). The (weakly) regressive redistribution effect

of the carbon tax as identified in Subsection 5.3 does, therefore, not lead to an overall regressive

redistribution by the reform analysed in CHCT, supporting Hypothesis 4.

Columns (7) and (8) in Panel (A) of Table 5 report the increases in average absolute and relative

tax burdens per income decile compared to the status quo. The additional absolute tax burden rises

substantially from an average of 70 euro in the 1st decile to an average of 390 euro in the 10th decile.

In relation to income, the difference between the deciles is smaller, but the relative burden still

increases with income.

Focusing the analysis on households with cars only (Panel C of Table 5) also reveals an increase

of the absolute burden with income compared to the status quo. The relative burden, however,

does not increase with income in this subsample. Households in the 1st decile now bear the highest

average additional burden (0.9%) relative to their income. For all remaining deciles, the additional

relative burden equals 0.6 or 0.7%.

Result 4: Overall, our results support Hypothesis 4. We conclude that CHCT does not yield a

regressive redistribution effect. It furthermore leads to the same progressive shift in tax progressivity

as CH.

The impact of replacing the fuel tax by a revenue-neutral carbon harmonised fuel tax in combi-

nation with the introduction of a 65 euro carbon tax on the relative tax burden of certain household

types is similar to the results reported in the previous subsections. As shown in Figure 7, commuters

comparatively bear the largest burden, but families and households in rural areas also pay a higher

relative share of their income than the total of all households. The additional relative tax burden

for commuters falls from an average of 1.5% to below 1.0% across the deciles. For the other two

groups, the additional relative tax burden remains similar across deciles, varying slightly between

0.5 and 0.8%. Only families in the 10th decile have an additional relative tax burden similar to
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that of all households.

Figure 7: Distribution of Change in Relative Tax Burden for Subgroups in ScenarioCHCT

Source: Microsimulation based on MID2017, MOP2017/2018 and EVS2018.

6 Discussion and Conclusion

The reduction of greenhouse gas emissions became a major topic in political debates within the

last years. While the efficiency gains caused by measures such as carbon pricing are clear-cut,

the distributional effects of such policy reforms are important not only from a politico-economic

perspective. In this paper, we derive six hypotheses regarding the distributional effects of different

policy measures and test these hypotheses empirically. Based on a unique dataset for Germany

(including information on car-specific fuel consumption, annual mileage at the car-level as well as

the distinction between fuel types) and a new microsimulation model, we analyse three distinct

policy reform scenarios in the domain of fuel taxation. The microsimulation approach allows not

only to analyse aggregate effects of different policy regimes, but also to study differences in the

reforms’ impact across the income distribution and between specific subgroups of the population.

Our results show that the German legal status quo of transport fuel taxation has regressive

effects: While the absolute tax burden increases with income, the relative share of tax burden over

household income decreases with income. Based on detailed data on fuel consumption, car types,

and mobility, we are the first to explicitly show that the fuel tax on petrol is regressive, while taxing

diesel acts progressive in the status quo.
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Replacing the current fuel tax by a revenue-neutral carbon-harmonised fuel tax (ScenarioCH)

yields a progressive distributional effect according to our simulation results. Households in the first

six deciles of the income distribution, on average, benefit from the tax reform, while the tax burden

increases for the upper four deciles. Splitting the sample into reform winners and losers reveals a

considerable additional burden that ranges between 220 euro (1st decile) and 310 euro (10th decile)

per year. In contrast, households who benefit from the reform, on average, pay between 120 euro

(1st decile) and 180 euro (10th decile) less taxes.

The distributional effects of a new carbon tax of 100 euro/tCO2 on transport fuels (ScenarioCT)

are less clear-cut than expected. Aggregated measures on tax progression suggest a weakly pro-

gressive effect, while measures on redistribution suggest a weakly regressive effect.

In contrast to CH, the group of reform losers in CT consists of all households that own cars.

For them, the reform has a regressive distributional effect. While the absolute annual burden is

lowest in the 1st decile (290 euro) and highest in the 10th decile (560 euro), the burden relative to a

household’s income amounts to 2.0% in the 1st decile, but only 0.8% in the 10th decile. Taken to-

gether, for the overall population, our results suggest the carbon tax to be neither clearly regressive

nor progressive, which is not in line with our hypothesis.

When we focus on aggregate measures, a combination of the elements of the first two tax

reforms (ScenarioCHCT) yields a weakly progressive redistribution effect. Among all households,

the average share of tax burden over household income increases modestly between the 1st (0.4%)

and 10th decile (0.6%). Focusing on reform losers only, however, does not yield a clear trend in

terms of relative burden, which is rather constant across deciles (0.6% and 0.7% for the upper nine

deciles). The absolute burden triples from 150 euro (1st decile) to 440 euro (10th decile). Overall,

we conclude that the introduction of a harmonised fuel tax in combination with an additive carbon

tax does at least not yield a regressive redistribution effect, whereas the shift in tax progression

corresponds to the clearly progressive effect of CH.

Although the aggregated distributional measures reveal differences between the reform scenar-

ios, one might at first glance conclude that these differences are quantitatively not very large. A

particular advantage of our microsimulation approach is that it allows shedding additional light on

the heterogeneity behind these aggregate measures. Our analysis based on income deciles shows

that households’ additional tax burden differs substantially across the income distribution and be-
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tween reform scenarios. The reform-induced changes in both the absolute and relative tax burden

are economically significant. An additional burden of several hundred euro (or up to 2.0% of a

household’s disposable income) could well play a role for the political feasibility of these or similar

reforms. Interestingly, and contrary to earlier studies on the German transport fuel tax (Bork,

2000; Flues and Thomas, 2015; Sterner, 2012), we do not find evidence that middle income groups

are particularly hit. In addition, our study does not confirm earlier findings on the regressivity of a

carbon tax (Bach et al., 2019, 2020; Gechert et al., 2019; Stiftung Arbeit und Umwelt der IG BCE,

2019). This finding might be due to the facts that we can distinguish between petrol and diesel

cars in our analysis and that our data includes information on yearly mileage.

Our approach has the following limitations. First, our simulations analyse three distinct reform

scenarios. These scenarios reflect recent debates about policy instruments capable to reduce GHG

emissions. While it appears worthwhile starting with a revenue-neutral reform and expanding the

analysis to higher taxes subsequently, the actual tax rates are, however, debatable. Furthermore,

one might argue that CHCT could focus on the “interaction“ of CH and CT, replicating the tax

rates chosen in CH and CT. We have explicitly motivated the choice of the specific tax rates in

3.1. However, it is interesting to test whether the main results are robust to variations in these

tax rates. In a series of robustness checks, we, therefore, simulate CT and CHCT with alternating

carbon taxes of 25, 65, and 100 euro/tCO2.42 Tax burdens vary proportionally to the variation

in the carbon tax for CT. An increase of the carbon tax, therefore, yields a slightly progressive

shift in tax progression, but a slightly regressive shift in redistribution. However, we consider the

resulting differences in the results to be economically insignificant overall. For CHCT, we only find

a slight rise in redistribution as the carbon tax increases. This is in line with our interpretation of

redistribution when the tax rate structure remains constant, as argued in Subsection 5.4.

Second, our simulation model focuses on first-round effects, i.e. it does not take into account

behavioural responses. A fuel tax increase might induce households to drive less or to buy more fuel-

efficient cars. For future research, it might thus be worthwhile to augment our analyses, for example

based on estimates of the price elasticities of fuel consumption. Bach et al. (2019), however, argue

that welfare effects as calculated based on a model that takes into account second-round effects will

not necessarily differ tremendously from those derived from a “morning-after model“. According to
42Detailed results are available on request.
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their reasoning, adjustments to an increase in the level of taxation either yield direct costs or utility

decreases for the households. Their mobility costs increase if they do not adjust their consumption;

their capital costs increase if they buy new cars. If they decide for less mobility or longer travel

times by public transport, this will most likely cause direct utility losses. Furthermore, analyses

which take into account second-round effects will need to rely on critical assumptions regarding

the variation in the vehicle population caused by the reforms. While incorporating these effects

might make the analysis more realistic, it also introduces a higher degree of uncertainty. As a

first robustness check in that dimension, we simulate the dynamic effects of the policy scenarios

assuming a general fuel price elasticity of demand of 0.5.43 While the overall average tax burden

decreases compared to the first-round effects for all scenarios, we observe a stronger adaption in

relation to income with larger income for CH and CHCT. For all reform scenarios, this results in

smaller shifts in tax progression and redistribution once the household response to the tax increase

is simulated.

Third, our model does not feature regional differences. In particular, fuel tourism at the national

borders is not taken into account due to restricted data availability and complex interdependencies

of international fuel policies and consumer behaviour. While differences in fuel tax policies between

countries tend to induce cross-border fuelling, it remains unclear whether this phenomenon might

be quantitatively important for our analysis. Data from the German Federal Statistical Office

(2011) reveal that as of 2006, German residents bought 10% of diesel and 16% of petrol for their

passenger cars in other countries.44 Newer data suggest that these shares decreased until 2017

(Federal Statistical Office, 2019). Even if we considered fuel tourism a quantitatively important

topic on aggregate, the lack of detailed data would leave it unclear whether there are relevant

differences across income deciles. Future research might, conditional on data availability, address

this issue.

Fourth, we have discussed alternative ways of measuring a household’s financial ability to pay

taxes in Subsection 3.2. Poterba (1991) argues that a short-term approach focusing on current
43For the mere purpose of testing the sensitivity of our results, we neither distinguish between the potentially

heterogeneous behavioural adjustments of different population subgroups over different time horizons, nor do we
apply the results of different methods of measurement and different countries. The used price elasticity of 0.5 bases
on a result for Germany (−0.45) from (Frondel and Vance, 2014, 458) and the result of the international literature
review for static models (−0.48) from (Goodwin et al., 2004, 283).

44This includes fuel bought for both domestic travel and travel abroad.
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income might overestimate regressive effects. While a lifetime-ability-to-pay approach tends to be

less prone to intertemporal fluctuations, it relies on other critical assumptions regarding households’

consumption choices. The lack of reliable income data has been argued to be the reason for the

application of the lifetime-approach (Teixidó and Verde, 2017). Given that our database contains

high-quality income data, we conclude that the arguments in favour of the lifetime approach are less

relevant in our setting. We indeed find regressive effects for the German legal status quo. However,

as our analyses focus on the comparison of the status quo with the three reform scenarios, we

would not expect a scenario-specific overestimation effect. Moreover, our results show that the

three reform scenarios do not yield additional regressive effects.

Our results have several implications for policy makers. First, pricing the externalities of GHG

emissions is a key objective of climate policy. The revenue-neutral carbon-harmonisation of the fuel

tax creates an additional carbon price lever of almost 300 euro/tCO2 while yielding a progressive

effect (Result 2). Contrary to the status quo fuel tax, it directly taxes the GHG emissions indepen-

dently of the fuel type – offering better potential to internalise the externalities caused from driving

and, therefore, mitigate GHG emissions (Meckling et al., 2017; Tietenberg, 2013). One might, in

general, expect negative distributional effects if a carbon price of this magnitude is introduced.

Moreover, a tax cut on certain fuels, as with petrol in CH, appears unrealistic in practice given

the climate policy challenges. Yet, combining the implementation of the German carbon price

with a revenue-neutral carbon-harmonisation of the transport fuel tax as in CHCT addresses these

aspects: If policy makers aim at increasing the carbon price without causing regressive distribu-

tional effects, the proposed combination of measures appears to be worth considering. Not only is

the carbon price lever significantly higher than in the status quo (without sending adverse signals

by tax cuts), but the progressive distributional reform effect (Result 4) is so large that it almost

completely neutralises the regressivity of the status quo fuel tax (Result 1). Our analyses reveal

that CHCT, apart from the presumed GHG mitigation potential, offers more progressive and thus,

possibly, more favourable distributional effects than CT or the status quo.

Second, we find that in the status quo the progressive tax on diesel has a lower tax level than

the regressive tax on petrol (Result 1). We can, therefore, deduce from our results that raising

the fuel tax on diesel, e.g. to the level of petrol, has a progressive effect. Compared to the full

carbon-harmonisation of CH and CHCT, an alignment of the tax levels of petrol and diesel might
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be politically more feasible in the short-term. From an environmental perspective, it does at least

shift the fuel tax considerably closer to carbon pricing.

Third, we find no evidence that a carbon price on transport fuels does, on average, dispropor-

tionately burden low-income households (Result 3). If the goal is to avoid an increase in inequality,

then our results for a 100 euro carbon tax provide little argument against a further increase in the

German carbon price on transport fuels. If one also wants to ensure social acceptance among the

reform losers, then the additional tax revenues can be redistributed through targeted social benefits

and subsidies that enable low-emission mobility.

Fourth, it will be misleading to focus only on the average additional tax burden in the different

policy scenarios. These average values tend to hide the partially very large effects for individual

groups – which might also be the case for other policy measures not explicitly investigated in this

paper. While it appears to be less important whether the average household wins 20 euro (1st decile

in CH) or loses 70 euro (10th decile) per year, the additional tax burden varies considerably with

income and household characteristics. As a consequence, the winners’ tax burden will on average

decrease by 110 euro in the 1st decile, but it will also increase by 210 euro for those among the poor-

est households who belong to the group of losers because they use their car frequently. Although,

from an environmental perspective, it appears reasonable that heavy users (which belong to the

group of “reform losers” in our analyses) are penalised by these reforms, it might be worthwhile

to address cases of hardship especially during a transition period. Specific groups of households

might neither be able to adjust to a less carbon intense mobility behaviour in the short run nor

to bear the additional tax burden. This could apply to households with lower incomes, but also

commuters, families, and households located in rural areas. Our analyses show that the additional

tax burden for these groups is above average.
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