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Abstract

Background: The introduction of a carbon tax on passenger transport is currently being discussed in Germany.
Various stakeholders favour a consumption-based, revenue-neutral carbon tax with a uniform lump-sum offset for
private households and a tax rate of 40 € per ton of CO2.

Objective: In this study, we examine the distributional effects of carbon taxation for the German passenger
transport sector under the assumption of the proposed tax model. We discuss as to what extent which
socioeconomic groups would be burdened and who might even benefit from carbon taxation. To answer these
questions we use a uniquely modelled data set that encompasses all forms of passenger transport (i.e. in Germany
and abroad) of the German resident population over 1 year. The national household travel survey Mobility in
Germany 2017 is the basis of the microscopic data set. We derive annual CO2 emissions and carbon tax burdens for
various population groups using the data on passenger transport, as well as specific emission factors.

Results: Results show that low income households, retirees, single parents and family households with two or
more children would benefit from the proposed carbon taxation scheme due to below-average emissions per
person; in contrast, working age households without children and car owners with heavy car use would be
burdened. Our results are of particular relevance to transport researchers, transport politicians and decision makers
as a basis for designing, developing and introducing a carbon taxation scheme.

Keywords: Mobility in Germany 2017, CO2 emissions, Passenger transport, Carbon tax, Distributional effects,
Transport policy

1 Introduction
Within the framework of the Climate Protection Plan
2050, the German Federal Government has set itself the
goal of reducing greenhouse gas (GHG) emissions across
multiple sectors by 80% to 95% by 2050, compared to
1990 [1]. In contrast to other sectors, the German

transport sector has not contributed to a GHG reduction
in recent years [2]. In certain areas, total CO2 emissions
have remained static, as in road transport or have even
risen significantly, as in aviation.
Recently, various stakeholders have been controver-

sially discussing how to achieve the climate targets;
amongst them are environmental non-governmental or-
ganizations, the Fridays for Future movement and polit-
ical parties. A popular measure demanded by many
stakeholders is the introduction of a CO2 pricing system
in the form of a carbon tax for private households in
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various sectors, such as the transport sector, the energy
sector or the housing sector.
In fact, the introduction of broad carbon taxation in

Europe has been discussed since the early 1990s [3]. At
that time, for Germany and other European countries,
many experts claimed potential carbon emission savings
of 10% to 20% compared to a business-as-usual baseline
if applied to production and consumption [4–6].
For the transport sector, a more recent study by

Andersson [7] revealed that, for the time between 1990
and 2005, the introduction of a broad carbon tax in
Sweden actually led to an average reduction of 6.3% in
transport CO2 emissions (i.e., metric tons per capita)
compared to a hypothetical state without levying the tax.
Moreover, the reduction revealed a positive trend and
increased up to 9.4% in the year 2005. For the transport
sectors of other countries, such as China or India, saving
potentials of up to 40% by 2050 were suggested recently
[8, 9]. Thus, broad carbon taxation is able to successfully
reduce CO2 emissions in the transport sector.
However, carbon taxation is prone to regressiveness

[4, 10, 11], especially in the transport sector [5]. That is,
tax burden might be distributed disproportionately
among population groups and particularly vulnerable
groups might be negatively affected in terms of welfare.
For example, low-income groups might be worse off
compared to higher-income groups, rural households
might be worse off compared to urban households,
households with children and especially single parents
might be worse off compared to households without
children, and the elderly might be worse off compared
to younger individuals. Thus, equality related to trans-
port payments might be violated [12].
Indeed, regressiveness can be compensated by recyc-

ling carbon tax revenues, e.g., a lump-sum redistribution
or other tax break [13]. Yet, even if models of compensa-
tion for vulnerable groups are installed, regressive effects
may remain. For example, carbon taxation worsened the
welfare condition of Danish low-income deciles although
balancing measures, namely an income tax reduction for
low incomes and increased child support, were applied
[14]. Irish rural households were shown to lose despite
tax credits were given in compensation for a carbon tax
on fuels [15]. Although the discussed uniform lump-sum
transfers were shown to yield better results in general
[14, 16] as well as for incremental transportation tax-
ation [17–19], distributional effects of each carbon tax
implementation need detailed attention [20].
The present study examines distributional effects of car-

bon taxation for the German passenger transport sector
under the assumption of a recently discussed tax model.
In particular, the questions arise as to what extent which
segments of the German population would be burdened
and who might even benefit. The results are intended to

provide a valuable data basis for transport researchers and
decision makers. A second focus lies upon the demonstra-
tion of the method and data used in order to facilitate fur-
ther analyses of alternative tax models.

1.1 Underlying carbon tax model
In principle, a tax model covers two aspects, tax levying
and the use of tax revenues. Both bear various imple-
mentation options. A tax can be levied based on con-
sumption or as a flat-rate taking certain characteristics
into account. Tax revenues can be used to increase the
general national household budget, to reduce national
debts, to support investments into sustainable infrastruc-
ture and industries, or can be distributed to tax payers
in order to offset their burden.
In this study, a consumption-based revenue-neutral

carbon tax with a uniform lump-sum offset for private
households referred to as climate premium is consid-
ered. A tax rate of 40 € per ton of CO2 is assumed,
which is in the range of suggestions for an initial tax rate
of various studies (e.g. [21] with 30 € per ton CO2, [22]
with 50 € per ton CO2). These studies further suggest an
increase of the tax level over later years. Similar to a
VAT, the carbon tax applies to all modes of transport
and will be levied on e.g. train tickets or fuel, taking into
account the emissions caused. Tax revenues are fully
recycled and distributed to households. In particular,
every individual receives the same climate premium de-
rived endogenously from the total carbon tax revenue
and the population size. The considered carbon tax is
calculated on top on existing taxes for each fuel type. So,
the existing tax system remains unchanged and no cross
effects by tax reductions for particular fuel types have to
be taken into account. In order to investigate distributive
effects of carbon taxation, net effects of leveraging and
the use of revenues of taxation need to be calculated.
Net effects result from the income of each household
from the climate premium minus carbon tax paid. In
this study, net effects are derived at the household level
and then normalized to net effects per capita per year.
The carbon tax considered in this analysis intends to

mitigate social hardships, to avoid a prejudice to the cal-
culation of income, and to enforce the steering effect,
e.g. [22]. Broad carbon taxation with revenue-neutral
lump-sums are expected to yield better results in terms
of social compatibility than alternate transport-related
tax instruments, such as a kilometre-based toll or a ve-
hicle purchase tax.

1.2 Total passenger transport as data basis
In order to support the current discussion, several studies
have investigated the distributional effects of carbon tax-
ation in Germany based on individual data on household
expenditures [23–25]. By including other sectors than the
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transport sector, e.g. the heating sector, the analyses allow
a more general focus on distributional effects of carbon
taxation for German households. However, these studies
show weaknesses in the representation of transport-
related emissions, since only household expenditures on
fuel were included [23–25] and households were only
grouped by their commuting distances [24]. The expenses
for other modes of transport, such as air and rail travel,
were not taken into account.
This study distinguishes itself by using a data basis

that encompasses the complete mobility of the German
resident population (in the year 2017). This data is rep-
resentative of the total population, includes both every-
day mobility (e.g. commuting, shopping) and long-
distance journeys (e.g. annual holiday by plane) and in-
cludes all modes of transport (e.g. car, public transport,
air travel). Thus, our approach of including all forms of
passenger transport is holistic and does not focus only
on one mode of transport or trip purpose. Moreover, the
data of our analysis differs from the data of other studies
by using a trip data set of all passenger transport in
Germany rather than data on individual household ex-
penditures [23–25]. This enables us to add specific emis-
sion factors to each trip differentiated by modes of
transport or trip length. The data can be used to deter-
mine the transport demand volumes and emissions of
various population groups with all modes of transport.
This is the essential basis for assessing the distributional
effects of carbon taxation in the transport sector.

2 Methods
Next, our data used for displaying passenger transport is
presented, the determination of CO2 emissions and dis-
tributional net effects are described and determinations
of household groups are introduced.

2.1 Modelled data set for all forms of passenger transport
The dataset of our study is a modelled data set for all
forms of passenger transport of the German resident
population over 1 year. This data set covers the total
passenger transport of the population living in Germany,
correctly reproduces the transport volumes of other offi-
cial sources on the transport demand and is representa-
tive of the German population in terms of their socio-
economic characteristics. The national household travel
survey (NHTS) Mobility in Germany (MiD) 2017 is the
basis of the microscopic data set [26]. Official statistics
are used to calibrate transport volumes and socio-
economic characteristics.
The MiD is a nationwide, comprehensive survey on

the travel behaviour and transport demand of the Ger-
man residential population. The most recent survey was
conducted in 2017; former surveys date back to 2002
and 2008. The MiD includes, amongst others, a trip

diary module and an overnight journey module. In the
trip diary module, all respondents are asked to report all
their trips and trip properties (e.g. distances travelled,
vehicles used) on a given day. In the overnight journey
module, a subsample of the respondents was asked to re-
port all their overnight journeys over a period of 3
months. The field phase of the MiD 2017 took place be-
tween May 2016 and September 2017. A mixed-mode
approach was used for the MiD 2017: the participants
took part in the survey either by paper and pencil ques-
tionnaire or by web questionnaire. A total of around
316,000 individuals from 156,000 households took part
in MiD 2017 and reported 961,000 trips for their re-
spective survey days. Information on about 39,000 over-
night journeys is also included in the survey [26]. Both,
everyday travel and overnight journeys are included in
our modelled data set of all forms of passenger
transport.
The model set for all forms of passenger transport of

the German resident population over 1 year consists of
three steps. In the first step, the MiD datasets are proc-
essed. Hence, the datasets are manipulated in such a way
that they either only consist everyday trips without over-
night stays (trip diary module) or that they only consist
of overnight trips (overnight journey module) and ac-
count for all age groups. Here, various adaptions were
necessary: For example, fractions of overnight journeys
were deleted from the trip diary module. Also, overnight
journeys of children younger than 14 years were im-
puted; these age groups were originally not included in
the overnight journey module. Furthermore, the prob-
ability of being a car driver and respectively a car pas-
senger was imputed for car journeys in the overnight
journey module; this information was not explicitly sur-
veyed in the overnight survey modules as respondents
reported solely that the car was being used. In the sec-
ond step, the datasets of both modules are merged into
one synthetic trip dataset. This dataset contains the en-
tire transport demand (scaled everyday trips & overnight
journeys) for 3 months. In the third step, the iterative
proportional fitting approach is used to weight the syn-
thetic trip data set until all given socio-economic and
transport demand distributions are correct. Socio-
economic information that is considered in the iterative
proportional fitting process is e.g. age, gender, economic
status, household size, car ownership. Travel demand
statistics, which are considered, are e.g. car mileage sta-
tistics, public transport statistics, air transport statistics.
The resulting data represents the state of travel de-

mand of the population living in Germany in 2017. The
so produced and reweighted trip dataset on every day
and long distance travel included information on trip
lengths, modes used and personal IDs. Those IDs corres-
pond to the person IDs of the underlying MiD survey

Eisenmann et al. European Transport Research Review           (2020) 12:51 Page 3 of 13



and allow therefore adding sociodemographic informa-
tion from the MiD. The data are representative for
Germany as a whole, but not for single states or cities as
small-scale distribution weights were not implemented.
Moreover, CO2 emissions related to infrastructure costs
are not covered in the model. Changes in travel behav-
iour that may result from the introduction of carbon
taxation and the consequent increase in mobility costs
are not taken into account.

2.2 Determination of CO2 emissions in the transport
sector
Based on data on transport demand and CO2 emission
factors, CO2 emissions from transport are determined
for various population groups. Using a tax model, we
calculated average annual carbon tax burdens for various
population groups. To determine the annual CO2 emis-
sions of various population groups, we computed the an-
nual CO2 emissions of a household group i (Emissionsi)
by adding the products of the respective transport mile-
ages KMi. hh. v and CO2 emission factors (Emissionfac-
tor1, …, n) of the modes of transport v ∈V of all
households i. hh ∈ i. HH. The sum of all household
groups produces TotalEmissions.

Totalemissions ¼
X
i

Emissionsi

¼
X
i;hh

Emissionsi:hh

¼
X
i;hh

X
v

KMi;hh;v�Emissionfactorv

ð1Þ
Afterwards, we aggregated the CO2 emissions per

mode across the transportation modes. We calculated
the annual CO2 emissions of cars, motorcycles and util-
ity vehicles on a vehicle level (in g CO2 / veh-km).1 The
total emissions were assigned to the driver, which is suit-
able for our analysis on the household level. The final
data of passenger transport in Germany differentiates
ten modes of transport. Beside trips by common modes
of transport, e.g. car, motorcycle and public transport,
also private trips by utility vehicles or passenger ferries/
cruisers were reported, whereby the share of trips by
utility vehicles and by passenger ferries/ cruisers is low
with only 0.9% and 0.3% respectively.
Table 1 gives an overview of the emission factors used.

Direct emissions, as well as emissions from evaporation
and energy provision, are included in the emission fac-
tors used. Due to the importance of the private car for
the mode choice, emission factors of car trips are deter-
mined in detail: for all cars in the data set, emission fac-
tors are supplemented and differentiated according to

vehicle characteristics. Therefore, we used the car usage
and fuel consumption survey of the German Mobility
Panel [27]. We estimated multivariate linear regressions
with fuel consumption as the dependent variable. Inde-
pendent variables are car drive, car size, and car age. We
then applied the multivariate linear regression results to
the car trips in our modelled dataset. Finally, we have
transformed the fuel consumption results into emission
factors using conversion factors for petrol and diesel,
which also take the provision of energy into account.
For battery electric vehicles we differentiated the emis-
sion factor by vehicle class, depending on their electric
consumption and the average electricity mix of Germany
in 2017 [28].
For public transport, we differentiated emission factors

by trip distance and modes of transport used (i.e. street
vs. rail). For the first 50 km of a public transit trip, we
assigned the average emission factors of local public
transit. For each additional kilometre of a trip, we
assigned emission factors of long distance trains and
long distance buses respectively. The German Regional-
isation Act (RegG) defines local public transit with a
maximum length of 50 km or 1 hour of travel time [32].
This definition differs from the 100 km limit often used
in transport science to define long distance trips [33].

Table 1 Emission Factors Considered in the Study

Mode of transport Emission factor Source

Unit Value

By foot [g CO2 / p-km] 0 Own assumption

Bicycle [g CO2 / p-km] 0 Own assumption

Car as driver [g CO2 / veh-km] 63–310 Own calculations,
based on Ecke,
Chlond [27] and
Umweltbundesamt [28]

Motorcycle,
moped, scooter

[g CO2 / veh-km] 109 Own calculations, based
on Federal Ministry of
Transport and Digital
Infrastructure [29]

Local public
transit: bus

[g CO2 / p-km] 75 TREMOD 5.82 [30]

Local public
transit: tram,
subway

[g CO2 / p-km] 64 TREMOD 5.82 [30]

Commuter train [g CO2 / p-km] 60 TREMOD 5.82 [30]

Long-distance bus [g CO2 / p-km] 32 TREMOD 5.82 [30]

Long-distance train [g CO2 / p-km] 36 TREMOD 5.82 [30]

Airplane [g CO2 / p-km] 201 TREMOD 5.82 [30]

Passenger ferry,
cruiser

[g CO2 / p-km] 115 Department of
Environment [31]

Utility vehicle [g CO2 / veh-km] 372 Own calculations,
based on Federal
Ministry of Transport
and Digital
Infrastructure [29]

1vehicle kilometres

Eisenmann et al. European Transport Research Review           (2020) 12:51 Page 4 of 13



Average emission factors per passenger kilometer were
applied for the further modes of transport, e.g. airplanes,
cruisers (Department of Environment, 2008; ifeu, 2018).
Average emission factors of utility vehicles were deter-
mined from the mileage-weighted fuel consumption of
utility vehicles up to 3.5 tons. The same approach was
applied when determining the average emission factors
of motorized two-wheelers (motorcycle, moped and
scooter) [29].

2.3 Calculation of distributional net effects
For the analysis of distributional effects, net effects are
calculated. These net effects are determined at the
household level, because revenues (e.g. from salary) are
mostly used and expenditures (e.g. on rent, food) are
made at the household level, especially when individuals
of a non-working age (e.g. children) live in the house-
hold. Net effects are the difference between the in-
come of a household from the climate premium and
the taxes paid. The net effect of a household is posi-
tive and leads to additional income when the average
CO2 emissions of the individuals living in the house-
hold are lower than the average CO2 emissions of the
total population. Negative net effects imply that the
individuals living in the household exceed the average
CO2 emissions of the total population; the carbon tax
burden is hence higher than the climate premium. In
order to compare the net effects independently of the
size of the households, the following analyses refer to
the average net effects per capita. It should also be
noted that the individual carbon tax burdens of indi-
vidual households may deviate from the average view,
as these result from the households’ specific travel
behaviour.
The Climatepremium per capita is calculated by divid-

ing the product of Totalemissions and the Taxrate by
the Totalpopulation.

Climatepremium ¼ Totalemissions�Taxrate
Totalpopulation

ð2Þ

The net effect of a household group i (Neteffecti(E-
missionsi)) results from the difference between the
products of the Climatepremium and the number of
persons (summed up over the household sizes HHsi-
zei, hh of all households) as well as the total emissions
and the tax rate.

NeteffectiðEmissionsiÞ

¼ Climatepremium�
X
i;hh

HHsizei;hh

 !
− Taxrate�Emissionsið Þ

ð3Þ

The net effect per capita (Neteffectpercapitai(Emis-
sionsi)) as a reference quantity is in turn the quotient of
the net effect of a household group and the number of
individuals in this group.

NeteffectpercapitaiðEmissionsiÞ ¼ NeteffectiðEmissionsiÞP
i;hhHHsizeei;hh

ð4Þ

2.4 Definition of household groups
For the analysis of net effects, households in the dataset
are differentiated by their socio-economic characteris-
tics. Table 2 shows descriptive statistics for all socioeco-
nomic groups we included in our analyses. We have
differentiated them by household income, household
type, spatial type and car ownership/use. For these so-
cioeconomic groups, the distribution of individuals and
households in the sample, which is representative for
German resident population, is presented.
For the analysis of interrelations between distributional

effects and household income, households have been di-
vided into five groups of equal size (quintiles) according
to their net income equivalent per month. The OECD
household equalized income is a measure to compare
living standards irrespective of the size and composition
of households. It is calculated by dividing the net income
of the household by the weighted number of household
members. Here, the first adult is counted with a weight
of 1, each additional adult with a weight of 0.5 and each
additional minor with a weight of 0.3.
The household type is also of interest for our analysis.

Therefore, we differentiated households according to the
number and age of individuals living in the household.
Households with children, households with elderly indi-
viduals and working age households without children
are the main groups which can be subdivided in 15 types
of households.
Another category of interest is the spatial type, where

the household is located. A new spatial classification
(RegioStaR4) categorizes regions in Germany in four
spatial types. It reaches from urban regions with metro-
politan areas (1) and suburban areas (2) to rural areas
close to urban regions (3) and peripheral rural areas (4)
[34].
We have divided car owning households according to

both, their number of cars and their car usage intensity,
to take interrelations between net effects, car ownership
and car use into account. To reflect car usage intensity,
households were grouped into households with heavy car
use (HCU households) and households with normal car
use (NCU households). HCU households own at least
one car with an annual mileage of 13,000 km or more.
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NCU households own only cars with an annual mileage
of less than 13,000 km.

3 Results
In the following sections, the annual CO2 emissions in
the transport sector are shown and the resulting distri-
butional effects of introducing the considered carbon
taxation model for various socioeconomic groups are ex-
amined. The CO2 emissions and the net effects of a cli-
mate premium are shown as average values for the
respective population groups.

3.1 CO2 emissions and place of residence
The transport-specific CO2 emissions of the German
population are 2.7 tons of CO2 per capita per year. At a
CO2 price of 40 € per ton, annual tax revenues for the
German federal government would amount to 9.0 billion
€ (transport sector). The resulting climate premium is
about 109 € per capita.
The average CO2 emissions per capita in the transport

sector are slightly higher in rural than in urban regions
(Fig. 1). However, the CO2 emissions (and transport de-
mand) per person and mode of transport vary across spatial
types. In all spatial types, car travel accounts for the

Table 2 Households and Individuals in the German Resident Population, Differentiated by Socioeconomic Group

Socioeconomic groups of households Number of individuals in Germany Number of households in Germany

[Mio.] [Mio.] [%]

Differentiated by household income per month (OECD household equalized income)

1. Quintile (≤ 1300 €) 14.8 8.2 20

2. Quintile (1301–1700 €) 17.0 8.2 20

3. Quintile (1701–2050 €) 17.0 8.2 20

4. Quintile (2051–2550 €) 17.8 8.2 20

5. Quintile (≥ 2551 €) 15.7 8.2 20

Differentiated by household type

Single-parents, 1 child 0.9 0.5 1

Single-parents, 2+ children 1.3 0.4 1

Families, 1 child 10.9 3.3 8

Families, 2 children 11.8 3.8 7

Families, 3+ children 4.6 0.9 2

1-person household, 60+ years, male 3.0 3.0 7

1-person household, 60+ years, female 5.4 5.4 13

2 +-person household, youngest member 60+ years 14.8 7.4 18

1-person household, 18–29 years 1.5 1.5 4

1-person household, 30–59 years 6.6 6.6 16

2-person household, youngest member 18–29 years 2.8 1.4 3

2-person household, youngest member 30–59 years 9.1 4.5 11

3 + -person household 8.9 2.7 7

Differentiated by spatial type

Metropolitan urban region 36.5 18.7 46

Suburban region 16.4 8.2 20

Rural region located close to urban regions 14.9 7.2 17

Peripheral rural region 14.5 6.9 17

Differentiated by car ownership and car use

Non-motorized households 12.7 9.2 22

NCU households, 1 car 24.8 14.0 34

HCU households, 1 car 15.7 7.9 19

NCU households, 2+ cars 9.2 3.3 8

HCU households, 2+ cars 19.9 6.6 16
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majority of CO2 emissions. The share is largest in periph-
eral rural regions: on average, 78%, respectively 2.2 of the
CO2 emissions of inhabitants living in these regions are
caused by car travel. In particular, the high CO2 emissions
of aviation by inhabitants of metropolitan urban regions
(0.9 tons per capita per year) are the main reason of their
average annual CO2 emissions being at a similar level to
the average CO2 emissions of the inhabitants of rural
regions.

3.2 Distributional effects and household income
Next, distributional effects of various income groups
are examined. Figure 2 shows that the net effect de-
creases with rising household income (i.e. OECD
household equalized income) per month. Households
in the lowest income quintile would benefit most
from carbon taxation. Their average annual net ef-
fect is 42 € per capita. Hence, a carbon tax would
increase the net equalized household income of
households from the lowest income quintile by 0.5%

on average. Households of the second and third in-
come quintile would also achieve a positive net ef-
fect. In turn, households of the fourth and fifth
income quintile would have average negative net
effects.
However, a net effect of − 63 € per year is rela-

tively modest compared to the income of house-
holds in the fifth quintile: their household net
equalized income would only be reduced by about
0.2% on average.

3.3 Distributional effects and household types
Households can also be subdivided into household types
according to their composition. The main characteristics
for such a differentiation are the number of adults living
in the household, the number of children living in the
household and the age distribution of adults living in the
household. This subdivision results in three main groups
of households: Households with children, households
with elderly individuals and working age households

Fig. 1 Annual CO2 emissions per capita, differentiated by mode of transport and spatial type

Fig. 2 Net effects of carbon taxation, differentiated by household income (OECD household equalized income) per month
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without children. These groups in turn include a range
of household types (see Fig. 3a-c).
Figure 3a indicates that most households with children

would benefit from a carbon tax. The exceptions are
family households with two parents and one child, for
which the average net effect is negative (− 8 € per capita
per year). Moreover, the positive net effect per capita in-
creases with the number of children in the household.
The lowest average CO2 emissions per capita are caused
by households with single parents and one or more chil-
dren. The low CO2 emissions of this household group

can in turn be linked to the income effect shown in the
previous section: single parents, for example, have on
average only 75% of the net equalized household income
of family households with two adults at their disposal.
Another important population group is elderly individ-

uals, accounting for 39% of all households in Germany.
A carbon tax would lead to a positive net effect per
capita for this population group (Fig. 3b). Amongst the
group of households with elderly individuals, the lowest
emissions are caused by elderly women living alone; this
results in an average net effect of 71 € per capita. Multi-

Fig. 3 Net effects of carbon taxation, differentiated by household types. a Households with children. b Households with elderly individuals. c
Working age households without children
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person households would receive an average net effect of
52 € and single-male households would receive 37 € on
average.
In addition to family households with children and

households with elderly individuals, households of work-
ing age without children constitute a third group. Figure
3c shows that households with young adults (18–29
years) have very high negative net effects. For young
two-person households, the net effects (i.e. measured per
capita) are significantly more negative (− 140 €) than for
young adults living alone (− 77 €). One- and two-person
households without middle-aged adults also have nega-
tive net effects, although this is less pronounced than
among young adults.
Further analyses have shown that employment in these

middle-aged population groups has a decisive influence
on the net effect. Households without employed persons
have positive net effects; households with employed per-
sons have negative net effects. The reasons are both the
daily commuting distances and the higher purchasing
power, which is reflected in higher long-distance travel
demand.

3.4 Distributional effects, car ownership and car use
Car ownership has a substantial impact on the average
CO2 emissions of a household, as the share of CO2
emissions caused by car use is highest in both urban and
rural areas (see Fig. 1). Thus, not only the ownership of
cars in the household but also the actual usage of a car
impacts a household’s annual CO2 emissions and thus
the net effect. Figure 4 shows that heavy car use (HCU)
households cause more CO2 emissions per capita than
the population average. This applies in particular to
households with more than one car: they have an aver-
age net effect of − 58 € per capita. Normal car use
(NCU) households with two or more cars would be
slightly burdened by carbon taxation (− 7 € on average).

NCU households with one car can, on the other hand,
expect even a positive average net effect (33 €).
Figure 5 expands this analysis by a spatial comparison.

The net effects in all spatial areas decrease with an in-
creasing number of cars in the household and a lower
level of car usage. In all spatial types, average net effects
are negative for households with heavy car usage (also
households with one car). Households with two or more
cars and heavy car usage, which are located in metropol-
itan and regiopolitan urban regions, have the most nega-
tive net effect (with a not negligible difference to
households in rural areas). The net effect of non-
motorized households in urban regions is also lower
than in rural regions. In both cases, this can be ex-
plained by the additional usage of other modes of trans-
port (e.g. planes). However, this difference is lower or
non-existent for households with normal car usage.
By comparing the differences of the net effects within

each spatial type and within each car-ownership / usage
category one might notice greater net effect dispersion
for the car-ownership / usage category. Hence, car own-
ership and car usage have a considerably greater effect
on the average CO2 emissions, and consequently on the
net effects, than the location of the households.
In the case of households without cars, it is noticeable

that households in peripheral rural regions generate the
highest positive effect (86 €) of all groups considered in
Fig. 5.

4 Discussion
In this study, the distributional effects of revenue-
neutral carbon taxation with lump-sum offset for the
German transport sector were investigated. Relying on
the entire transport demand of the German population,
i.e. everyday travel and long-distance journeys, per capita
net effects were calculated for various socioeconomic
groups.

Fig. 4 Net effects of carbon taxation, differentiated by car ownership and car usage
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Firstly, net effects vary across income quintiles. The
results suggest that households in lower-income quin-
tiles would be better off with the implementation of the
carbon tax with lump-sum offset. This is due to the fact
that transport-related CO2 emissions increase with in-
come, households in lower-income quintiles have lower
than average emissions. Whereas, households in the
highest quintile have above average emissions and,
hence, would be worse off, i.e. they pay more carbon
taxes than being refunded with the lump-sum resulting
from the total carbon tax revenue. Our results echo with
the simulation study of Bureau [35] on distributional ef-
fects when introducing a similar carbon tax in France.
These effects can be explained by the fact that transport
use increases with income.
Secondly, net effects were shown to vary across house-

hold types. Our results suggest that households with
more than one child and especially single parents would
benefit from the carbon tax. This is due to the fact that
children’s transport volumes are significantly lower than
those of adults, and households with children cause
fewer emissions per capita. As the climate premium is
uniform across the population, compensation for parents
is disproportionate. Further analyses of our modelled
data set have revealed that working households without
children would be worse off due to the fact that their
members travel more by plane and travel to more dis-
tant destinations than other population groups.
Thirdly, the results suggest that elderly individuals, es-

pecially elderly women, would benefit from the carbon
tax due to their low travel demand. The latter may be
due to the disparities in the proportion of older women
and men using cars [36].

Fourthly, our results indicate that households with
more than one car and households with heavy car use
would be worse off. However, the possession of more
than one car or heavy car usage can be a consequence of
few accessible alternatives, especially in rural areas. Rural
households without cars would benefit the most but
these households show significantly lower overall travel
activities.
Lastly, the results indicate that rural households emit

in total only slightly more as urban households, however,
the share per mode of transport varies. Our analyses
show also, that the socio-economic situation of a house-
hold might be a stronger explanation for a household’s
transport-related CO2 emission than the spatial type, e.g.
the tax burdens for HCU households with two and more
cars are similar in various spatial types.

4.1 Practical implications
In summary, the results identified the distribution of fi-
nancial benefits and burdens related to passenger trans-
port payments across German population groups
resulting from broad carbon taxation. In order to decide
whether this distribution is equitable, the additional def-
inition of desired equity standards is required (cf. [12]),
which is beyond the scope of this article. Nevertheless,
the results suggest that the most vulnerable groups
might not need specific protection against inequity in
the proposed payment structure itself. Rather, inequality
might be caused by underlying factors, such as accessi-
bility or available resources and corresponding out-
comes, which in turn result in the under-proportional
burden of these groups.

Fig. 5 Net effects of carbon taxation, differentiated by car ownership and car usage and spatial type
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The applied method and the results facilitate an updat-
able dataset for analyzing and evaluating distributional
effects of various policy instruments in passenger trans-
port. For example, they provide a benchmark for testing
other tax models, such as incremental taxation of trans-
portation means, in particular, imposing additional taxes
on car ownership [37], fuel [38], or air traffic.

4.2 Limitations
The main limitation of our study is that the underlying
dataset on passenger transport only allows analyses on
the level of population groups. Analyses at the level of
individual survey participants are not possible as every-
day travel (reported in the trip diary module) was scaled
up from one survey day to 1 year and travel on overnight
journeys was scaled up from three months to one year.
Nevertheless, the occurrence of stationarity in transport
demand, sufficiently large sample sizes and a distribution
of survey periods over all days of the week and periods
of the year allow for reliable results at group level. As a
result, the analysis of distributional effects is limited to
descriptive statistics; more sophisticated statistical ana-
lysis methods, such as regression models, would require
longitudinal data per person over one or several weeks.
Secondly, the dataset represents the current travel de-

mand volumes of the population living in Germany in
2017. Changes in travel behaviour that could result from
the introduction of carbon taxation and the consequent
increase in mobility costs are not taken into account.
This article focused on the status quo, whereas travel de-
mand models accounting for elasticities are needed to
model changes in travel behaviour.
Thirdly, the challenges of tax implementation for the

legislator are not in the focus of our analysis. Instead, we
aim to contribute to the discussion on carbon taxation
by pointing out distributional effects for population
groups. When implementing the carbon taxation
scheme, various issues, such as boundaries in the case of
trans-national air travel, and transaction costs for intro-
ducing and administrating need to be taken into
account.
Fourthly, the impacts of non-citizens (i.e. tourists)

traveling within Germany and their payment of the car-
bon tax (e.g. when buying bus tickets or refuelling their
cars) are not included in our analysis.

4.3 Outlook
By excluding trips over a certain distance, it is possible
to limit the application of the proposed method geo-
graphically. If the taxation scheme is only applied to mo-
bility within Germany or Europe, the net effects could
be analysed as well. The exclusion of single modes of
transport (e.g. air travel) or a separate report of CO2

emissions from specific travel purposes (e.g. business
trips and journeys) would also be feasible.
For example, limiting the geographic scope of CO2 pri-

cing to transport demand in Germany would reduce the
income effect and increase the spatial effect. Therefore,
the range of average net effects per capita between in-
come groups would decrease from 105 € to 58 € (be-
tween first and fifth quintile); the range of net effects
between spatial types would increase from 7 € to 20 €
(between metropolitan rural regions and peripheral rural
regions). The reason can be traced back to the volume
of emissions: CO2 emissions of the urban population
and the higher income groups result proportionately
more from air travel, often to destinations abroad. The
CO2 emissions of the rural population and the lower in-
come groups result proportionately more from motor-
ized private transport (see Fig. 1), usually within
Germany. If the scope of a carbon tax was limited to
travel demand in Germany, CO2 emissions from car
travel would consequently carry greater importance.
This example underlines that the definition of the geo-
graphic scope has a much greater influence on the social
implications in the transport sector than in other sec-
tors, such as the energy sector.
The methodology applied in this study represents the

distributional effects of the potential introduction of a
carbon tax in the actual transport situation. Elasticity ef-
fects, i.e. responses to demand for the tax-related in-
crease in mobility costs, are not shown. If one were to
assume another tax rate with the methodology presented
(e.g. 180 € per ton instead of 40 € per ton), the net ef-
fects would increase proportionally with the tax rate in
the analysis case presented here. An increase in the tax
rate therefore does not lead to a change in the sign of
the net effect of individual population groups and also
the order remains identical. However, it is both conceiv-
able and politically desirable for the population living in
Germany to change their travel behaviour due to carbon
taxation. Hence, [39] has shown for Canada that the tax
rate must be at a certain level is necessary, e.g., in order
to cause carbon emission reductions at all. The authors
suggest Canadian $200 per ton of CO2. Population
groups could react in various ways to the CO2 pricing
and rethink and change their travel patterns, modes of
transport and destinations. For example, low-income
population groups may react stronger than high-income
population groups due to other demand elasticities.
However, inhabitants of rural regions cannot adapt their
travel behaviour as easily as those of urban regions due
to the lack of alternatives. In total, this could change the
order of those who would or would not profit. Neverthe-
less, similar to other countries such as Sweden, the ef-
fects of a carbon tax on emission reductions might be
larger than expected as it “could be that the carbon tax
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induces a larger behavioural response than we assume
from just looking at price elasticities of demand” [7].

5 Conclusions
In this study, we have analysed to what extent certain
socioeconomic groups of the German resident popula-
tion would be burdened and who might even benefit
from carbon taxation in the transportation sector. We
have assumed the carbon taxation scheme to be
consumption-based and revenue-neutral with a uniform
lump-sum offset for private households and a tax rate of
40 € per ton of CO2.
For the study, we utilized and analysed a dataset which

contains annual CO2 emissions and the resulting net ef-
fects of the applied carbon taxation for various socioeco-
nomic groups. Net effects are the difference between the
income from the climate premium and the taxes paid.
Net effects were derived at the household level and then
normalized to net effects per capita per year. Our under-
lying source for travel demand is a uniquely modelled
data set that encompasses all forms of passenger trans-
port (i.e. in Germany and abroad) of the German resi-
dent population over 1 year. The NHTS Mobility in
Germany 2017 is the basis of the microscopic data set.
Mode specific CO2 emission factors were applied for the
computation of annual CO2 emissions.
Our results show that low income households, retirees,

single parents, and family households with two or more
children, would benefit from the proposed carbon tax-
ation scheme. Working age households without children,
high income households and car owners with heavy car
use, would be burdened from carbon taxation. Further-
more, average CO2 emissions of inhabitants from dis-
tinct spatial types are at similar levels, when taking their
entire mobility (i.e. everyday travel, journeys to destina-
tions within Europe and overseas) into account.
Our study is of particular relevance to transport re-

searchers, transport politicians and decision makers as a
basis for designing, developing and introducing a carbon
taxation scheme. Moreover, the proposed methodology
can be used and applied flexibly for various taxation
schemes and tax rates. It could also serve as a blueprint
for investigations into the distributional effects of carbon
taxations in other countries.
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