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The Relationship between Road Tax Rate Reduction
Depending on Vehicle Age and Emission Parameters
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Abstract

Due to the processing of unique data concerning the vehicle fleet of the Czech
Republic and the national emission inventory, this paper examines the relevance
of the benefits available for newer vehicles by means of the Czech road tax
against the principle of internalization of road transport externalities. A serious
finding is that the highest tax benefits are available for vehicles that generate the
largest amount of CO, and NOx emissions. The findings should serve as support
for the adjustment of road tax reductions in the Czech Republic. Based on the
similarities between the Czech and Slovak fleets and relevant legislation, the pre-
ferential treatment of taxation of newer vehicles applied in Slovakia can be
assessed through a similar method. On a general level, the examination proved
that the input data are suitable for the application of a fiscal instrument that
accounts for emissions in road transport.
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1. Introduction

Road transport accounts for the generation of significant negative externali-
ties. The production of emissions by motor vehicles is determined mainly by the
state and parameters of the fleet.
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The Czech Republic (CR) and Slovakia are exceptions among the European
Union (EU) in that they levy taxes only on the operation of motor vehicles used
for business purposes (ACEA, 2020; PwC, 2019). In the CR, this is stipulated by
Act No. 16/1993 (CNR, 2020) and in Slovakia by Act No. 361/2014 (NRSR,
2020). These two countries reflect the purpose of the vehicle in their tax rates,
but not the vehicle’s operation or the generation of externalities. Both countries
adjust annual road tax rates depending on the number of months since the date of
first registration.

Table 1

Reduction of Tax Rates in the CR and Slovakia
Vehicle age (months) 0-36|37-72|73-108 | 109 -144 | 145-156 | 157<
Rate reduction in the CR (%) -48 -40 -25 0 0 0
Rate reduction/increase in Slovakia (%) -25 =20 -15 0 +10 +20

Source: CNR (2020), NRSR (2020), author.

The tax rate adjustments shown in Table 1 may place emphasis on faster re-
newal of the fleet. However, looking at the average age of the CR’s fleet in com-
parison with other EU countries, it must be noted that this instrument is not suf-
ficient for efficient fleet renewal. The average age of vehicles in the CR in 2018
was 14.8 years; in Slovakia it was 13.9. These are the fifth and seventh oldest
fleets in the EU, respectively (ACEA, 2019). The CR had the sixth lowest rene-
wal rate in 2017, whereas Slovakia was better in this respect. There are 17 EU
countries that show a lower renewal rate, but there has been an undesirable 2.3%
reduction in this rate since 2008 (Eurostat, 2019). The European Environment
Agency data (EEA, 2020) and Friedrich’s (2011) maps show that in terms of air
pollutant concentrations, the CR and Slovakia perform poorly compared to other
EU countries.

The World Health Organization’s data (WHO, 2018) suggests that there are
many thousands of deaths attributable to ambient air pollution in the CR and
Slovakia. Air pollution is a negative externality of road transport (Fiorito, 2017;
Mostert, Caris and Limbourg, 2017) that may be included in the market mecha-
nism through intervention by the public sector in the form of a corrective tax or
other fiscal instruments. Commonly applied taxes include registration and opera-
tion. Further fiscal instruments include registration fees, a bonus-malus system
upon the acquisition of a vehicle, various forms of scrappage schemes, tolls and
fees based on time. Besides a road tax, the CR also applies registration fees de-
pending on the EURO standard, fees based on time for vehicles of up to 3.5 t and
tolls for vehicles over 3.5 t that consider the number of axles, vehicle weight,
emission standard, type of road and time of day. Slovakia charges a motor tax,
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a registration fee scaled to engine capacity and age of the vehicle, time fees for
vehicles up to 3.5 t along with certain trailers and tolls for vehicles over 3.5 t that
consider the vehicle type, weight, number of axles and emission standard.

For the purposes of designing and applying effective instruments for the
inclusion of externalities in road transport emissions, the emissions must be
described and measured as accurately as possible. The tax policy practice may
be based either on the nominal values of emissions per unit of distance traveled
or emissions according to the data in the technical documentation of the vehicle;
the design of the tax policy may consider the real data on vehicles in operation
and the distance they travel and thus on the dynamic characteristics of total
emissions generated.

Based on unique data concerning the Czech fleet, this article first aims to
compare the unit characteristics of vehicle and fleet emissions as well as the total
fleet emissions while factoring in the distance traveled; it will also ascertain
whether the shares of individual vehicle categories in the aggregate unit, average
and total emissions will differ. Subsequently, it will be possible to ascertain
whether, in view of the direct proportion principle that factors externalities, the
differentiation of annual tax rates based on the vehicle’s age is adequate. The
stated evidence will apply to the CR. It will also be possible to formulate general
implications for Slovakia based on the results identified in the CR, similarities of
the main parameters of the fleets and similar taxation principles. At the same
time, it will be possible to formulate universally applicable statements as to
whether the results for vehicles with problematic emissions differ within their
respective characteristics and whether it is efficient to use data regarding dis-
tance traveled and frequencies of occurrence within the framework of the fleet to
formulate tax policy.

1.1 Fiscal Instruments for the Internalization of Road Transport
Externalities

Market entities tend to behave rationally rather than environmentally; there-
fore, the environmental issue must be transformed into the rational minimization
of costs. This can be done through fiscal instruments applied by the public sector,
thus determining the environmental behavior of business entities. Such instru-
ments in the context of the environmental impact of road transport inter alia
include fuel tax, carbon tax, mileage tax, annual road tax, motor vehicle tax and
registration tax.

The annual road tax, which should be considered an environmental tax, is col-
lected as a means to reduce emissions by vehicles that use fossil fuel (Carling et al.,
2017; Dong et al., 2017; Fiorito, 2017; Marriot and Mortimore, 2017; Rasool,
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Zaidi and Zafar, 2019; Zhou et al., 2018). The following authors see advantages
of this tax: according to Pearce (1991), it corrects distortions, Barbieri (2015) sees
a positive correlation between environmental taxes and green automotive patent
activity, Solaymani and Kari (2013) and Scrimgeour, Oxley and Fatai (2005)
appreciate a relatively low impact on value-added tax and investment, according
to Pui and Othman (2017) it generally contributes to better quality of the envi-
ronment and Kim Han and Moon (2011) consider the tax cost-effective.

The disadvantages of the tax are seen by Bjertnaes (2019) in the manufactur-
ers’ tendency to cheat in measuring and declaring this indicator, by David (2012;
2015) in substituting citizens’ education and information with mere financial
pressure, by Carling et al. (2017) in the reduction of CO, emissions due to
a slower transition to e-tailing, by Alberini et al. (2018) in the reduction of emis-
sion benefits by postponing the purchase of a vehicle, and by Scrimgeour, Oxley
and Fatai (2005) in the decrease of the gross domestic product and household
consumption and welfare. Neither Klier and Linn (2015) nor Alberini and Bareit
(2017) support this tax.

However, Lu, Tong and Liu (2010) suggest that the negative impact of the
tax can be mitigated by complementary policies while maintaining a relatively
large reduction in carbon emissions.

As clearly formulated by Santos (2017), taxes and subsidies are necessary for
the faster decarbonization of transport. Liu and Santos (2015), however, admit
that tax instruments and subsidies by themselves will not suffice for the achieve-
ment of the environmental goals laid out in the Paris Agreement (United Nations,
2015); this is also supported by Achtnicht, Buhler and Hermeling (2012). Parry
et al. (2014) maintain that equilibrium must be reached between the tax benefits
for the environment and economic costs. The basic premise remains the same:
the existing fiscal instruments must be revised, their optimal setting discussed
and realistic partial steps promoted. Detailed knowledge of concrete emission
parameters and the characteristics of existing road transport is necessary to reach
these goals.

1.2. Quantification of Transport Emissions

Transport emissions can be quantified by means of the traffic air quality index
(Bagienski, 2015), vehicle specific power methodology, Corinair methodology
(Coelho et al., 2014), the road network dispersion model Contaminants in the Air
from a Road — Finnish Meteorological Institute (CAR-FMI) (Kukkonen et al.,
2001) or the Danish operational street pollution model with the support of emis-
sion factors from the Copert 4 model (Berkowicz, 2000; Ketzel et al., 2012). We
can also use the Norwegian emission model (Sandmo, 2016), which works with
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partial models from the road transportation sector to determine emission factors
by means of mileage and emissions/km data. The following models are also often
cited: microscale dispersion model (OMG) (Kono and Ito, 1990), Roadway
(Eskridge and Catalano, 1987) or the travel demand model (TDM), which factors
in the distance traveled (Wang et al., 2009).

An essential tool for the quantification of emissions at the national level is the
Copert model, a software tool for the calculation of air pollutants and greenhouse
gas emissions from road transport on a regional or national scale. Copert is
a technologically advanced and transparent model that includes all the main
pollutants reported by many European countries in their official emission data
(Emisia, 2020). The Copert model is used by Lozhkina and Lozhkin (2015), who
aptly describe the shortcomings of its application, which may arise when applied
to real data. In spite of these limitations, the authors consider Copert more fitting
than the alternatives since the fleet and activity data are available and carefully
processed. According to Pelikdn and Brich (2018), Copert enables consistent,
transparent and comparable calculation that corresponds to all requirements of
international treaties and European legal regulations. The EEA (2019) mentions
the Copert program as a model surpassing the existing methods of addressing the
transportation sector issues.

2. Data and Methodology
2.1. Source Data Identification

In order to meet the preset goals, the data from different sources must be used
to identify the characteristics of the Czech fleet. Such unique data comes from
the CR’s Register of Motor Vehicles (RMV) (TRC, 2019), vehicle testing sta-
tions (VTS) (TRC, 2019a) and the Copert national emission inventory for the CR
(TRC, 2019b) provided by the Transport Research Centre (TRC).

Table 2 shows the data sources and related variables necessary to meet the
research goals.

Table 2
Identification of Data Sources for Variables Used
Variable Owner Category Age Engine capacity Weight
Source RMV RMV RMV RMV RMV
Number Distance NOx emissions PM; s emissions CO; emissions
Variable of axles traveled
Source RMV VTS Copert Copert Copert

Source: Author.
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2.2. Description and Justification of Source Data

The source data includes information from the 2018 RMV (TRC, 2019) and
distances traveled as recorded by Czech VTS (TRC, 2019a) over a period of four
years; this data can be considered complete. The mileage data in the given year
recorded by VTS has been used to determine average distances traveled in the
individual categories of passenger cars (PC), light commercial vehicles (LCV),
heavy goods vehicles (HGV), and semi-tractors (ST). The 2018 extract from
VTS can be considered a source of complete and unchangeable activity data
(Pelikan, Brich and gpiéka, 2017). The data from technical inspections amounts
to 70%, which is sufficient to calculate the average distances traveled by vehicles
in their respective categories.

Pollutants are categorized in Copert depending on the sophistication of the
methodology applied to determine their emission factors (Pelikdn and Brich
2018). Important emission factors that have been thoroughly examined by scien-
tists and whose methodology of calculation is well developed are mainly CO,,
NOx and PM, 5, according to the EEA (2019) and the Intergovernmental Panel
on Climate Change (IPCC, 2006). The Copert input data (TRC, 2019b) is the
result of the practical application of the Copert 5 program to emission invento-
ries in the conditions of the CR according to Pelikdn, Brich and Licbinsky
(2018), Ntziachristos and Samaras (2016) and Davies Waldron (2006) for the
purpose of identification of CO,, NOx and PM, 5 values.

2.3. Research Procedure

The calculations of the respective emission factor values are based on real
data from the RMV in 2018. In this study, we filter the larger part of the RMV
data, which represents 85% of the Czech fleet and covers PCs, LCVs, HGVs and
STs. STs are vehicles designed for long-distance transport of large volumes of
goods or loads placed on a semi-trailer, not agricultural tractors, which are not
primarily intended for operation on roads. The study does not work with motor-
cycles (M), whose share in the fleet is 15%, or buses (B), which have less than
a 1% share in the CR’s fleet.

The VTS and RMV data are interconnected by unique identifiers of the vehi-
cles’ categories (PC, LCV, HGV, and ST). Emissions are calculated from dis-
tances traveled per year by 373 concrete groups of vehicles. The vehicles are
included in a particular group according to their technical properties as registered
in the RMV. The data set classifying the fleet’s vehicles into specific groups
corresponding to the national emission inventory output has been created through
the above procedure. Vehicle age is identified in a similar manner (i.e., using the
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base data from the RMV and creating four age groups: 0 — 36 months, 37 — 72
months, 73 — 108 months, and 109 months or more in accordance with the pa-
rameters of reduction of annual road tax rates in the CR under Section 6(6)
of Act No. 16/1993 Coll., on Road Tax.

We also identify the types of vehicle owners. Further processing of the data
results in the creation of aggregated statistics that enable us to identify Czech
fleet characteristics in terms of distributing frequencies of occurrence, distance
traveled, the proportion of CO,, NOx and PM, 5 emissions (depending on vehicle
categories), the selected distance parameter and age of the commercial vehicle.

The main descriptive characteristics of the vehicle categories by age groups
are the frequency of occurrence, average distance traveled and total distance
traveled. The characteristics of frequency of occurrence and distance traveled are
further converted into ratio indexes so that they better demonstrate the shares of
categories and age groups in the identified values.

Emission characteristics are unit emissions, average emissions and total emis-
sions. Unit emissions are the emissions produced by the defined vehicle while
traveling a distance of 1 km. Average emissions take into account the distance
traveled by a given group of vehicles defined by the identification data, technical
properties and age of the vehicle. If we determine an average distance traveled
by each group of vehicles, we can calculate emissions of the defined vehicle,
factoring the distance that corresponds to the average distance traveled by the
given group. The total emissions are then defined as a product of average emis-
sions and frequency of occurrence of vehicles included in the given group ac-
cording to the identification characteristics, technical properties and age of the
vehicle. The three aforementioned emission characteristics are then converted
into ratio indexes in order to easily compare the shares of individual categories
and age groups in the production of emissions.

3. Results

The 2018 RMYV data includes all 6.39 million vehicles in the CR, of which
more than 99% were processed and sorted according to vehicle category and
type of owner. There are 1.14 million (18%) commercial vehicles, 4.83 million
(76%) private vehicles and 0.38 million (6%) vehicles owned by foreign naturals
or legal persons.

Altogether, 0.93 million commercial vehicles were clearly identified in terms
of age, which resulted in an additional data loss of 19%. It may be assumed that
it is the data on older vehicles that is missing from the RMV; however, this can-
not be proved.



782

Therefore, we will not supplement the missing data, since this would increase
uncertainty concerning the relevance of the result and the possible range of devi-
ations from the real state. However, we will bear in mind the loss of around 20%
of the data on commercial fleets when interpreting the results. The suggested
procedure is also supported by the fact that the outcome of the emission quantifi-
cation shall be percentages rather than absolute values.

Another loss of data is attributed to the impossibility of identifying the dis-
tance traveled by any vehicle in a given category due to the imperfection of the
data from the VTS. Therefore, missing information cannot be replaced with infor-
mation regarding the average distance traveled by the other vehicles in the given
category. This reduces the fleet data set included in the calculations by 3%.

The final 0.89 million vehicles included in the research are further used for
the identification of the main statistics of the commercial fleet in relation to the
age of the vehicles. The frequencies of occurrence of the individual categories
are as follows: 64% are PCs, 27% are LCVs, 8% are HGVs, and only 1% are ST
vehicles.

Figure 1
Percentage of Frequency of Occurrence in Age Groups (months)
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Source: Author, based on TRC (2019; 2019a; 2019b).

All categories are clearly dominated by vehicles older than 108 months, whose
total share is 39%, as shown in Figure 1. This group, which is the most disadvan-
taged in terms of taxes, includes the largest share of ST vehicles; the smallest
share is represented by PCs. The largest share in the age group of 73 — 108
months is held by LCVs. PCs account for the largest shares in the categories of
0 - 36 and 37 — 72 months, with an aggregate share of 53%. It can be said that
PCs significantly change the ratio of old to new vehicles in favor of the new ones
within the aggregated category (AC) comprised of vehicles from all four catego-
ries. The proportion of vehicles older than 72 months is 57% due to the substan-
tial share of older vehicles in the LCV, HGV and ST categories.



783

Figure 2
Average Distances Traveled by Vehicle Categories in Age Groups (km)
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Source: Author, based on TRC (2019; 2019a; 2019b).

Figure 2 illustrates the fact that the longest distances across all age groups
were traveled by ST vehicles, with a total average value of 41 thousand km per
year. The highest mileage occurs with ST vehicles in the “newest” age group (up
to 36 months). The above-mentioned facts are a testament to the widespread
utilization of these vehicles. The shortest average distance (16 thousand km) was
traveled by PCs and LCVs. It is apparent that the shortest average distances were
traveled by the oldest vehicles. The most important categories in terms of direct
proportion between emission levels and distances traveled are vehicles in the ST
category and those in the age groups with tax benefits (up to 108 months).

Figure 3
Share of Total Distances Traveled in Age Groups
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Source: Author, based on TRC (2019; 2019a; 2019b).



784

If we recalculate the average distances traveled in relation to the frequencies
of occurrence, we obtain the absolute distances in the respective vehicle catego-
ries and age groups, as depicted in Figure 3. The chart is dominated by the PC
category, particularly PCs newer than 36 months, which receive the most prefer-
ential tax treatment; the absolute number is 3.64 billion km traveled. The LCV
age group of 37 — 72 months shows the longest absolute distance of 1.48 billion
km. HGVs only report a longer absolute distance than LCVs in the group of up
to 36 months. The shortest absolute distance traveled was recorded in the ST
category, although as mentioned above, these vehicles have the highest average
figures. This is attributed to a smaller frequency of occurrence that does not ex-
ceed 7 thousand PCs in comparison with the other vehicle categories.

Based on the data from the RMV, it may be said that in terms of pollutant
emissions, vehicles older than 108 months are considered risky with regard to
the distribution of total frequencies of occurrence, the vehicles in the ST category
are considered risky with regard to average distances traveled in all age groups
and PCs are considered risky with regard to the total sum of distances traveled
by vehicles in all age groups with the exception of the group from 73 — 108
months, where the longest total distance was traveled by LCVs. In order to clearly
determine the emissions of these potentially risky groups, we must not only in-
clude quantitative data from the RMV and VTS in the statistics, but also match
each vehicle with concrete emission parameters in accordance with the Copert
national emission inventory.

A graph of the percentages of NOx, PM, s and CO, unit emissions in the rela-
tive expression is provided in Figure 4. The largest percentage of NOyx emissions
is attributed to STs and HGVs, which account for 86% of emissions without
differentiating among age groups. It is clear that STs and HGVs over 72 months
old produce larger amounts of NOyx emissions than newer vehicles. The largest
share of NOx unit emissions is reported in STs older than 108 months, the most
disadvantaged group in terms of taxes, where the absolute value approaches
8 g/km/vehicle. The share of unit emissions of PM,s in HGV and ST vehicles
without differentiating among age groups is 78%. The result is not much differ-
ent if the age groups are specified. However, a larger share of PM, s emissions in
HGVs in the age group of up to 36 months, which receives the most preferential
tax treatment, and a smaller share of PM, s emissions in STs aged 36 months or
less were identified. The maximum absolute value of PM, s is 0.27 g/km/vehicle
in the ST category aged over 108 months. Unit emissions of CO, are again domi-
nated by HGVs and STs, whereas the share of the ST category grows with the age
of the vehicle to as much as 56%, with an absolute value of 854 g/km/vehicle.
On the other hand, in new vehicles of 36 months or less, the prevailing category
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is HGV, with its share of unit emissions reaching 46%. The shares of the PC and
LCV categories in unit emissions are less significant than HGV and ST; there is
not much difference among age groups. Only the increase in shares in NOx unit
emissions of new PCs and LCVs, which get the most tax benefits, is noticeable.
Of course, this is not attributed to poor emission parameters of new PCs and
LCVs, but rather to the dynamic improvement of the emission parameters of the
other categories, particularly ST vehicles. However, STs are clearly the worst type
of vehicles in terms of unit emissions without differentiating among age groups.
This is particularly true of NOx, but also CO, and PM, 5 emissions, although in
the last case, the HGV category is right behind.

Figure 4
Percentage of Production of Unit Emissions (per vehicle and km traveled)
in Age Groups
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Source: Author, based on TRC (2019; 2019a; 2019b).

Figure 5 shows the inclusion of average distances traveled in the calculation
of unit emissions. Through this process, we obtain the emissions per vehicle in
the given category and age group while factoring the average distances traveled
by vehicles of that category and age group. We can see a clear increase in the
shares of the ST category in average emissions due to the high average annual
mileage of the vehicles. The ST category also reports the highest absolute
amount of NOx emissions, reaching 245 kg/vehicle/year. The share of NOx pro-
duced by ST vehicles in the age group over 108 months, which is disadvantaged
in terms of taxes, is as high as 85%. The share of the ST category also dominates
in the average emissions of PM,s and CO,, where this share increases (up to
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72%) with the vehicle’s age. The absolute maximum of 8 kg/vehicle/year of
PM, 5 is reported in the ST category of 37 — 72 months, which receives tax bene-
fits. The highest CO, average emissions are found in the ST category of 73 — 108
months, with a value of 42 t/vehicle/year. The shares of the average emissions of
the PC and LCV categories are relatively small for all types of pollutants; there
is no pronounced tendency regarding the individual age groups. The age of the
vehicles only affects the shares of average emissions of HGVs and STs; the
share of ST vehicles grows with increasing age, while the same share declines in
the HGV category.

Figure 5

Percentage of Production of Average Emissions (per vehicle and average distance
traveled by categories) in Age Groups
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Source: Author, based on TRC (2019; 2019a; 2019b).

Finally, we will include the frequencies of occurrence of the respective vehicle
categories in the calculation of emission parameters for the Czech fleet. Figure 6
shows the percentage of total emissions of NOyx, PM,s and CO, produced by
each category sub-divided by age group. The percentage of NOx emissions is
largely determined by the affiliation with a particular age group. The largest share
of NOx emissions is produced by HGVs in the age group from 73 — 108 months
(which get tax benefits). Its share is 63% and the absolute value exceeds 2 kt NOx.
The share of PCs is significant, reaching 51% in the category of up to 36 months,
which receives the most preferential tax treatment. The percentage is a little lower
in the age group of 37 — 72 months. The share of ST vehicles in the total NOx
emissions grows as they age. Vehicles in the PC, LCV and HGV categories have
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the largest share in the total PM, s emissions. The share of ST vehicles in the
total emissions is small and shows a decrease with newer vehicles. A 47% share,
the largest in the total emissions of individual age groups, is attributed to PCs in
the age group of 37 — 72 months, which receive substantial tax benefits. The
absolute maximum is 98 t of PM,s in HGVs over 108 months old, closely fol-
lowed by PCs over 108 months old. As for the total production of CO,, PCs from
37 — 72 months old are clearly dominant in terms of contribution to the total CO,
production, with a maximum share of 62%. The absolute maximum of 755 kt CO,
has been identified in the PC age group of up to 36 months, which receives the
most preferential tax treatment. The share of ST vehicles in the total emissions
of CO, is small and decreases with newer vehicles.

Figure 6
Percentage of Total Emissions Produced By Vehicles in Age Groups
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Source: Author, based on TRC (2019; 2019a; 2019b).

Let us now disregard the vehicle categories to focus on the characteristics of
the shares in emission production by the respective age groups. In Figure 7 we can
see a summary of shares of the age groups by unit (1V/1 km), average (1V/@ km)
and total () emissions of NOx, PM, 5 and CO,.

Vehicles aged 73 — 108 months seem problematic in terms of unit and aver-
age emissions of NOx. However, if we express the total emissions without taking
the vehicle categories into account, the shares of the individual age groups be-
come more balanced and the reduction of road tax rates seems inadequate. The
characteristics of PM, 5 emissions show that the largest shares of unit, average
and total emissions are produced by vehicles older than 108 months; a tax rate
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reduction for newer vehicles is justifiable in this respect. The characteristics of
CO, emissions suggest that the shares of unit emissions are balanced across the
age groups. Average emissions are higher in newer vehicles because they travel
longer distances. This effect is also accentuated by the inclusion of frequency of
occurrence: there are more newer than older vehicles driving along Czech roads.
Any road tax rate reduction in this case is not considered expedient.

Figure 7
Comparison of Shares in Emission Production by Vehicles across Age Groups
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Lastly, we will present the absolute values of emission levels (unit — 1V/1 km,
average — 1V/@ km and total — X) in the respective age groups without taking the
vehicle categories into account. Thus, it will be possible to compare the charac-
teristics of emission production focusing only on age groups.

Figure 8 works with absolute values of unit, average and total emissions of
NOx, PM,5 and COy; at the same time, it indicates the seriousness of the given
value within its relevant characteristic through the color shading of the table’s
cells. All three characteristics of NOx emissions identify the groups of vehicles
from 73 — 108 months old (i.e., vehicles that receive tax benefits both in the CR
and Slovakia) as the most important. The assessment of PM,s and CO, emis-
sions is similarly consistent, whereas the critical group producing PM,; s is vehi-
cles older than 108 months. The most problematic group in terms of CO, is vehi-
cles newer than 36 months, which receive the most preferential tax treatment. In
the absolute expression, commercial vehicles in the CR produce approximately
13 kt NOx, PM, s approaching 1 kt, and almost 4 mt CO,.
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Figure 8

Identification of Problematic Age Groups According to Characteristics of Emission
Production
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Source: Author, based on TRC (2019; 2019a; 2019b).

4. Discussion

The results of the research show that in terms of pollutant emissions, vehicles
older than 108 months are considered risky with regard to the distribution of total
frequencies of occurrence, vehicles in the ST category are considered risky with
regard to average distances traveled in all age groups and PCs are considered
risky with regard to the total sum of distances traveled by the vehicles in all age
groups. This finding testifies to a large variety of results in the case of applying
different variables during the process of identifying the potentially risky seg-
ments of the fleet. The methodological procedures and applied data similarly
lead to largely varying conclusions and recommendations; for examples refer to
Kim, Han and Moon (2011), Marriot and Mortimore (2017) and Rasool, Zaidi and
Zafar (2019) versus Alberini et al. (2018), Klier and Linn (2015) and Scrimgeour,
Oxley and Fatai (2005).

After including the results of emission inventories used in accordance with
Ketzel et al. (2012), Lozhkina and Lozhkin (2015), Pelikdn and Brich (2018) and
the EEA (2019), the following segments of the commercial fleet are considered
problematic in view of emission production: the HGV and ST categories in all
age groups with regard to NOx unit emissions and the HGV and ST categories
(except for STs of up to 36 months) with regard to unit emissions of PM, s and
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CO,. The absolute values of the unit characteristics suggest that the worst emis-
sion levels are attributed to the oldest vehicles in the ST category. The character-
istics of the average emission levels of vehicle categories in all age groups sup-
port the results reached through the unit characteristics and identify the ST vehi-
cles, particularly the old ones, as the worst concerning all the examined emission
factors. However, after the inclusion of frequency of occurrence, the characteris-
tics of the total emissions of all vehicle categories with the inclusion of distance
traveled through Sandmo’s (2016) procedure across the age groups have identi-
fied different types of commercial vehicles as problematic in terms of emissions:
PCs of up to 72 months for all emission factors, HGVs from 73 — 108 months
produced the most NOx and HGVs older than 108 months accounted for the
most PM, 5.

Without factoring in the vehicle categories, emission percentages across the
age groups are relatively balanced; the differences are better illustrated by the
absolute values of the amounts of the respective emissions produced. The largest
NOx emission amounts are attributed to vehicles in the age group from 73 — 108
months, which gets tax benefits both in the CR and in Slovakia. The highest
values of PM, s were identified in vehicles older than 108 months, which do not
receive any tax benefits in either the CR or Slovakia, whereas in Slovakia vehi-
cles older than 145 months are disadvantaged in terms of taxes. This situation is
exacerbated by the state of the fleet in the CR and Slovakia (ACEA, 2019; Euro-
stat, 2019). The emission factor of CO, shows the dominance of vehicles newer
than 36 months, which receive the most preferential treatment in the CR and
Slovakia, which, according to Pearce (1991), contravenes the principle of correc-
tion of distortions.

The loss of around 25% of Czech commercial vehicle data may be considered
a limitation of the present study. However, most of the calculated characteristics
are expressed as percentages, so this loss resulting from source data bias can be
accepted. In the case of absolute emission values, we must bear in mind that the
real values may be higher in proportion to the data loss. The parameters of risk
described by Lozhkina and Lozhkin (2015) that call for the high quality of
source data and manner of its processing were eliminated (or at least minimized
to the fullest extent possible).

Conclusion

The present research has identified the qualitative characteristics of the Czech
vehicle fleet in the categories of PCs, LCVs, HGVs and STs used for business
purposes as well as the parameters of this segment in terms of CO,, NOx and
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PM, 5 emissions with a significant environmental impact under the EEA’s (2019)
classification. The processing of data from the RMV, VTS and Copert national
emission inventory, whose relevance is evidenced by Emisia (2020) and Pelikan
and Brich (2018), has identified the absolute values and percentages of frequen-
cy of occurrence in age groups, distances traveled by vehicle categories in age
groups, emissions per vehicle, kilometers traveled by vehicle categories in age
groups, emissions per vehicle considering average distances of vehicle categories
in age groups, emissions of vehicle categories in age groups and emissions of
vehicles in age groups.

The finding is that the basic descriptive characteristics of Czech fleet vehicles
are subject to road tax discord with the results obtained after factoring in the
values of the national emission inventory. The total results, without taking into
account the affiliation of vehicles to categories in accordance with the conditions
of road tax benefits in the CR, emphasize the fact that the most preferential tax
treatment is received by vehicles that produce the largest amount of CO,. Tax
benefits may also be applied to vehicles generating the largest amount of NOx
emissions. The system of tax benefits seems adequate only for the PM, s emis-
sion factor. A limitation of the above findings and their applicability is that the
unit emissions of these vehicles are favorable, in particular for NOx and PM,s.

Based on the findings concerning the state of the fleet (ACEA, 2019; Euro-
stat, 2019), a reduction of nominal road tax rates in the CR is seen as ineffective
and inadequate. Most importantly, it does not correspond to the total production
of emissions by the Czech commercial fleet and their serious impact (Mostert,
Caris and Limbourg, 2017; WHO, 2018). The findings, formulated procedures
and input data should support the reassessment, adjustment or elimination of road
tax reduction in the CR. If we assume that the composition and characteristics of
the fleet are similar in Slovakia, based on the basic data of the ACEA (2019),
EEA (2020), Eurostat (2019) and Friedrich (2011), it follows that the general
conclusions formulated for the CR, stating that the preferential tax treatment of
newer vehicles is not adequate due to their significant generation of harmful
emissions, are also applicable to Slovakia.

The research in the CR has shown that the utilization of data on frequency of
occurrence and distance traveled by vehicles in their respective categories and,
most importantly, their age groups seems to be essential for the identification
of emission parameters and may serve as substantial support for the reassessment
of tax policies in accordance with the conclusions of Pui and Othman (2017),
Rasool, Zaidi and Zafar (2019) and Santos (2017) in those countries that intend
to enhance their fleet parameters, decrease emissions generated by road motor
transport and improve the environment while bearing in mind the health of the
population.
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