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Abstract. The European Commission has evaluated the consequences of the Latvian tax reform in 2018 and
declared that the set target of decreasing tax burden for people with low income was not reached, yet the tax
reform continuing implementation caused even greater social stratification. The goal of the study was to develop
method for determining the rational tax on vehicles based on criteria of fairness and efficiency using an analytical
approach. To develop such a method for vehicle taxation, relative single indexes approach as a part of method
of variant optimization was used based on relative fuel equivalent coefficient. To analyse the current situation in
Latvia and show possible ways of improving it, scenario analysis (three controlling cases) and mathematical
modelling by using the developed method were carried out. Analysis of the first controlling case showed that the
current situation in Latvia's vehicle taxation policy is not efficient enough from the point of the combination of
fairness and efficiency. To improve the situation and achieve zone of optimum (the third controlling case) it is
possible to shift tax burden partially from local taxpayers to taxpayers with foreign-registered vehicles. To comply
with the recommendation of the European Commission, it is also recommended to set fairness as a primary
criterion and make the system more favourable to the taxpayer (when operating in the zone of optimum). It can
be achieved by using annual mileage as a base to determine the tax. If recommendations would be implemented
partially, it is possible to reach the state (the second controlling case), where vehicle taxation is becoming optimal,
yet any change in tax rates or procedures separately will lead to ineffective or unfair solutions. Overall the

developed method allows to analyse and forecast most of the changes in vehicle taxation.

Key words: method of variant optimization, incomparability, tax rate, vehicle operation tax, free-rider
problem.
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Introduction
Currently, Latvia's taxation system is being improved. At the same time, the directions of its

reform are mainly related to solving problems that affect the interests of the two main participants
in tax relations: the state and taxpayers. The reform of the country's tax system, which began in
2018, did not directly affect the vehicle operation tax, but this reform provided for a certain
correction, which, of course, applies to all vehicle owners: both individuals and legal entities.

The European Commission, assessing the results of the tax reform, a year after its introduction,
noted that it has not yet been possible to reduce inequality between different segments of the
population, and made recommendations according to which it is necessary to reduce the level of
taxation for low-income people in order to reduce social inequality (European Commission
Recommendation, 2019). Therefore, for a comprehensive solution to this problem, it is necessary to
develop a fair model of vehicle taxation, which at the same time would be effective.

It is necessary to notice, that any imprudent tax action, incorrect decision-making that is not
based on estimates and does not have a clear idea of the expected results will lead to a reduction in
state budget revenues and adversely affect the solvency and welfare of the population
(Sproge I., 2010). Currently, decisions are made on an intuitive level - there is no description of
analytical methods that allow quantifying the changes proposed by the European Commission and
thus more accurately building the tax policy. Making decisions on an intuitive level is not optimal, it
requires numerous subsequent adjustments, which is confirmed by the need for new tax reform or

the introduction of significant corrective measures.
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The goal was to develop method for determining the rational tax on vehicles based on criteria of
fairness and efficiency using an analytical approach.
To reach the goal, the following tasks were set:

e to analyse normative enactments and scientific literature on the organization of vehicle taxation;

e to create relative single indicators of fairness and efficiency for determining the optimal tax
burden;

e to carry out a graph-analytical analysis to identify the area of optimum (where the most
appropriate tax burden located to comply with the set restrictions of fairness and efficiency);

e to develop recommendations to adjust current tax policy regarding vehicle taxation to comply
with the rational tax.

The object of the study is the optimum of the vehicle taxation in Latvia, bounded by fairness and
efficiency criteria.
The used methods included:

e analysis of primary and secondary data - this part involves gathering and transformation of real
data to relative fuel equivalent values, which makes the whole research more scalable;

e mathematical modelling - used for describing a potential transitional situation, that can happen
when recommended measures to improve the tax policy regarding vehicle taxation is not
implemented in the full extent;

e scenario analysis - represented by analysis of current situations and several possible future
situations, that could be achieved by introducing some changes to the existing tax system;

e relative single indexes approach - unique method, used for mathematical calculations with

criteria, herein fairness and efficiency.

Research results and discussion
As part of the study, the sources of normative, reference and scientific literature on the

organization of vehicle taxation in Latvia and other countries of the European Union were analysed.
Based on the analysis of regulatory documentation the current method of calculating the vehicle
operation tax in the Republic of Latvia was analysed, identified shortcomings and areas for improving
it.

Vehicles in most countries of the world are subject to taxation, bringing a certain share of money
to the state budget. The main source of revenue generation in the budget system of the Republic of
Latvia is taxes and receipts, in particular, the vehicle operation tax (Law on the Vehicle Operation
Tax, 2011). This tax, like every other, is individual, since it assumes its own legal structure.

At the same time, since 2020 in Latvia, several taxes are addressed to owners of vehicles (Natural
Resources Tax Law, 2006; Regulations Regarding Recycling, 2011; Value Added Tax Law, 2013; On
Personal Income Tax, 1994; Enterprise Income Tax Law, 2018; Law on the Road User Charge, 2014).

The document published by the Ministry of Finance of the Republic of Latvia "Guidelines for state
tax policy for 2018-2020" indicates that a number of measures were planned to mitigate the negative
impact of the tax reform (which was put into effect from the beginning of 2018), including the
following in the aspect of this study: increasing excise tax rates (including fuel for vehicles), limiting
the rights to benefits, maintaining the current payment system for collecting tax on vehicle operation
(Order of the Cabinet of Ministers, 2017).

Indeed, at the beginning of 2020, the principle of levying a vehicle operation tax remains unchanged.
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Since January 2017, a tax has been imposed on vehicles with foreign licence plates travelling in
Latvia, if their owners are persons whose place of residence is declared in Latvia (Law on the Vehicle
Operation Tax, 2011). Many residents of Latvia registered their cars in Lithuania and Estonia in order
to avoid paying the Latvian vehicle operation tax. At the same time, they used the road infrastructure
along with other residents of the country.

To combat this phenomenon, amendments were adopted to the Road Traffic Law and to the Law
on the Vehicle Operation Tax and Company Car Tax. According to them, owners of vehicles of
categories M1 (passenger cars used for transportation of passengers, the number of seats of which,
excluding the driver's seat, does not exceed eight seats) and N1 (vehicles intended for transportation
of goods and whose gross weight does not exceed 3.5 tons), who have declared their place of
residence in Latvia, when operating these vehicles, if they are registered abroad, are obliged to pay
the following operating tax: for one day - 10 euros; for a month - 250 euros; for six months -
600 euros; for a year — 1000 euros. The penalty for evading this tax is between 140 and 400 euros.

This tax according to the Ministry of Transport for the first year after its introduction brought in
the state budget a little less than 800,000 euros, then its amount began to decrease slightly, and
the number of registered vehicles (CSDD - Vehicle statistic, 2020), compared to 2016, increases
annually.

This method solved one of the so-called "free-rider problem", i.e. the situation when a consumer
of a public good tries to avoid paying for it (Kharevich G. L., 2017).

Starting from January 1, 2020, the excise tax on fuel has been increased in Latvia. The rates of
this tax and the objects of taxation are determined by the law of the Republic of Latvia "On Excise
Duties" (On Excise Duties, 2004).

It should be noted that according to CSDD data as of 1 January, 2020, the average age of
passenger cars registered in Latvia is 14.20 years, commercial vehicles - 11.97 years, and buses -
12.51 years (CSDD - Vehicle statistic, 2020).

All this leads to the fact that for a part of the population, the maintenance and operation of
vehicles, based on their total costs, becomes difficult. In this regard, when introducing taxes and
fees related to the operation of a vehicle, it is advisable to conduct special analytical studies.

Verovska L., Leontyev A. (2015) and Leontyev A. (2015), have proposed to use a system of
relative single indexes for variant optimization used to determine the tax base.

Before carrying out variant optimization, it is necessary to determine the numerical values of
relative single indexes that characterize the "fairness" and "efficiency" of the tax policy for each
specific case and time period.

To determine terms fairness and efficiency - the classification of tax law principles according to
A. Wagner is used, where efficiency principle is a part of fiscal function and principle of equity
(or fairness) is part of social justice of taxation (Jarczok-Guzy M., 2017).

It is advisable to determine the numerical values of relative single indexes using this scheme:

P P
Kij="" Py OF Kj="" /Pij (1)

i=TN;j=1,M,

where:
e Kj — relative designation of relative single index;
e P; — value of single index of researched characteristic (equity or efficiency);

e P, p — value of single index taken as basic (possible) level;
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e - name of the estimated characteristic;
e j - no. of variant;

e N - the number of relative single indexes;
¢ M - the number of researched variants.

In all cases, when determining the values of relative single indexes from the formulae (1), the
one that corresponds to the improvement of the quality of the index system with an increase in the
single index is selected.

When determining the optimal values of the vehicle operation tax from the point of view of the
"efficiency" criterion of taxation, it is advisable to assign P; p values after calculations made according
to the CSDD data on the number and types of registered vehicles, taking into account the forecast
of the dynamics of their change. Further, depending on the required share of funds received in the
budget for the implementation of this tax, it is necessary to distribute the tax burden for specific
types of transport, which will allow to select the necessary P; 5 value.

Relative single indexes of "fairness" Kg and "efficiency" Ke; are formed in such a way that their
values, which lie in the range of values less than one, reflect an unacceptable value of quality (their
characteristics), and acceptable values of indexes Kj; are equal to or exceed one.

In accordance with the provisions set out in (Economic Commission for Europe, 2015), the EU has
the opportunity to improve the efficiency of its economy and reduce greenhouse gas emissions from
transport.

As a result of this program, the excise rate for lead-free petrol (the use of tetraethyl lead has
been banned in the EU since 2000) increased from 476 euros per 1,000 litres to 509 euros. The
excise tax on diesel fuel increased from 372 euros per 1,000 litres to 414 euros, and on liquefied gas
used for refuelling vehicles-from 244 euros to 285 euros per 1,000 litres (On Excise Duties, 2004).
As a result, when refuelling, in addition to VAT, the consumer pays the new price in accordance with
the increased excise tax. It was assumed that after the increase in this excise tax, the price of a litre
of petrol will increase by approximately 0.04 euros, diesel fuel by 0.05 euros, and liquefied gas by
0.03 euros. However, in fact, fuel prices in Latvia have increased more, and this is due not only to
an increase in the excise tax, but also to an increase in the price of oil (at the end of November 2019,
a barrel of oil cost slightly less than 61 euros, and at the beginning of 2020, its price increased to
almost 69 euros).

At the same time, a situation arose that requires a separate study: fuel prices in Latvia at the
beginning of 2020 were the highest among the countries of the Baltic region, even though the road
tax is included in the cost of fuel in Lithuania. As a result, residents of border areas started refuelling
in neighbouring countries. These budget losses in Latvia require a separate study. Budget losses are
also related to the fact that residents of the country's regions bordering Russia and Belarus, having
a simplified border crossing regime, refuel their vehicles abroad, where fuel prices are much lower.
At the same time, customs regulations allow them to import into the territory of Latvia a vehicle with
a fully filled tank and an additional 10 litres in a canister. Therefore, before rationing the vehicle
operation tax rates and adjusting the excise tax rates, it is necessary to study the budget implications
arising from the reduction of the total amount of fuel sold for vehicles in the territory of the Republic
of Latvia.

Among other problems faced by vehicle owners in Latvia, there is an increase in the volume of
bio-additives for diesel fuel from 5 % to 7 %, and for 95 petrol from 5 % to 10 % (E10). However,

not all petrol engines of vehicles can run on fuel with a high content of bio-additives (E10). This
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applies primarily to older vehicles. As already noted, the average age of passenger cars registered
by CSDD in Latvia exceeds 14 years. To maintain the performance of their engines, owners will have
to switch to a more expensive brand 98 petrol, which does not contain bio-additives.

As a result, owners of vehicles with low and medium incomes have to revise the mode of operation
of their vehicles in the direction of its reduction.

According to studies in 2019, which estimated the amount of fuel for a vehicle that can be
purchased for one average salary, conducted in 33 European countries, Latvia was in the 30 th place
(Petrol availability rating, 2019).

This is one of the reasons why it is difficult for residents of Latvia to accept EU requirements for
improving the environmental situation, which lead to higher fuel prices and an increased tax rate on
vehicles that do not meet strict environmental standards.

The average annual cost of maintaining a used car in Latvia is between 500 and 600 euros
(Berzins A., 2017). According to official data from the Latvian Central statistical bureau, the average
salary in Latvia in 2018 after taxes was 737 euros, in 2019 it increased slightly, and as a result, the
employee received about 800 euros (CSB, 2020).

In this study, the calculations were based on the conditional fuel equivalent, i.e. the maximum
amount of fuel that can be purchased for an average salary in Latvia.

One of the options for a possible approach to the formation of a relative unit tax when assessing
and assigning a vehicle operation tax was considered. After processing data on the most popular
brands of passenger cars registered in Latvia (CSDD - Vehicle by manufacturer, 2020), it was found
that in fuel equivalent, the owner of a passenger vehicle spends an average of 5 to 8 litres of petrol
per month on the vehicle operation tax. At the same time, it would not be burdensome to spend no
more than 7 litres of fuel per month on the tax under study.

In this situation, it is assumed that in order to replenish the budget, the state needs each owner
to contribute at least 9 units of fuel equivalent to the budget on average. Based on these
assumptions, table 1 was formed, and the relative single indexes of fairness and efficiency for
different tax options for persons operating vehicles were calculated using formulas (1).

When analysing this optimization model, it turned out that the relative single indexes of fairness

Kr and efficiency Kejthat characterize the vehicle operation tax were incompatible (Fig. 1).

Table 1
Determination of relative single indexes of fairness and efficiency
(first controlling case)
No. of variant 1 5 6 7 8 9 10 11 13 14
Pfj 610 606 605 604 603 602 601 600 598 597
Pf, bl 605
K fj 1.008 | ... | 1.002 | 1.000 | 0.998 | 0.997 | 0.995 | 0.993 | 0.992 | ... | 0.989 | 0.987
P ej 2 6 7 8 9 10 11 12 | .. 14 15
P e, bl 9
K ej 0.222 | .. [ 0.667 | 0.778 | 0.889 | 1.000 | 1.111 | 1.222 [ 1.333 | ... | 1.556 | 1.667

Source: created based on the authors’ calculations

In such a situation, if it is impossible to change the calculation conditions, it is necessary to
determine the importance of each criterion. If the relative single index of effectiveness Kej is given
priority in the ranking, then option 8 or subsequent options located to the right of this option on the
abscissa axis (to the right of point B) should be selected as acceptable.
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Source: created based on the authors’ calculations

Fig. 1. Combined diagram of relative single indexes of fairness and efficiency
(the first controlling case is incompatibility of requirements)

If priority is given to the relative single index of fairness Ky, then acceptable values fall on options
1-6, located to the left of point A. It is possible that if the indexes are equally important, it will be
necessary to make concessions on both criteria at the same time and choose the most appropriate
solution. Ranking should be done using expert methods or, more preferably, using a probabilistic
approach. The process of ranking and the use of the method of consecutive concessions in similar
situations is shown in the works (Leontyev, 2015; Akhmetshin E. M. et al., 2019).

Several more possible situations were covered. If the vehicle operation tax calculated in fuel
equivalent is sufficient for the budget in the amount of 8 units, and this amount will not be
burdensome for vehicle owners (table 2), then the combined diagram shown in Fig. 1, is converted
to the diagram shown in Fig. 2.

Table 2
Determination of relative single indexes of fairness and efficiency
(second controlling case)
No. of variant 1 6 7 8 9 10 11 12 13 14

Py 610 605 604 603 602 601 600 599 598 597

Pt b 604

K 5 1.010 | ... | 1.002 | 1.000 | 0.999 | 0.997 | 0.995 | 0.993 | 0.992 | 0.990 | 0.998

P ej 2 7 8 9 10 11 12 13 14 15

Pe b 8

K e 0.250 ‘ ‘ 0.875 ‘ 1.000 ‘ 1.125 ‘ 1.250 ‘ 1.375 ‘ 1.500 ‘ 1.625 ‘ 1.750 ‘ 1.875

Source: created based on the authors’ calculations
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Fig. 2. Combined diagram of relative single indexes of fairness and efficiency
(the second controlling case is the only solution)

In this case, one option that meets the criteria of fairness and effectiveness (7 option
corresponding to point C in Fig. 2) is available. It should be noted that the accuracy of this study is
not in doubt when analysing past periods. In studies that cover the forecast period, there is always
the possibility of changes in the economic environment that affect the combination of relative single
indexes Ky and Kej that characterize the vehicle operation tax. Point C on the combined diagram
shows, that vehicle taxation becoming optimal, yet any change in tax rates or procedures separately
will lead to ineffective or unfair solutions.

After adjusting the values taken as basic (reference) values, table 3 was compiled and the
combined diagram was built again (Fig. 3). The resulting combination of relative single indexes is
the most preferable, since it is not the only possible option, but the area of acceptable values located

between the points D and E in the range of values Ky and Ke; from one and higher.

Table 3
Determination of relative single indexes of fairness and efficiency
(third controlling case)
V':°ri'a‘:‘ft 1 a 5 6 7 8 9 10 14
P b 610 607 606 605 604 603 602 601 597
K 602

P ej 1.013 1.008 1.007 1.005 1.003 1.002 1.000 0.998 0.992

Pe b 2 5 6 7 8 9 10 11 15

K ¢ 7

Ps 0.286 ‘ ‘ 0.714 ‘ 0.857 ‘ 1.000 ‘ 1.143 ‘ 1.286 ‘ 1.429 ‘ 1.571 ‘ | 2.143

Source: created based on the authors’ calculations

To achieve optimum zone, which lies between points D and E, it is recommended to establish a
tax on the use of Latvian roads for owners of passenger cars that are not declared in Latvia. This
applies to owners of passenger vehicles who come to the Republic of Latvia from countries that are
part of the European Union or outside its borders. At the moment, they do not pay tolls for driving
on Latvian roads. This tax is easy to implement, because Latvia has experience of collecting a similar

tax, for example, from owners of cargo transport with a gross weight of more than 3000 kg, and
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from vehicles registered outside of Latvia, whose owners have declared their place of residence on
its territory. Similar taxes exist in a number of EU countries and are approximately equal to
12.5 euros for 10 days of road use, 18 euros for a month, and 60 euros for a year. Such actions at
the same time will allow slightly to decrease a burden for local taxpayers, making it closer to the
desired 7 relative litres of the tax burden, but it is not yet achieved, but tax burden could be
redistributed on foreigners.

Kij
2'?7
1,5
K
1‘ —Ke]
‘Kfj<1‘

0,5 —

O‘ T T T T T T T T T T lj

i 2 3 4 5 6 7 8 9 10 11 12 13 14

Source: created based on the authors’ calculations

Fig. 3. Combined diagram of relative single indexes of fairness and efficiency (the third
controlling case is a set of possible solutions)

If it is necessary to adjust the amount of fuel equivalent when searching for suitable solutions
using the proposed combined diagram, the following options can be considered as a measure that
allows the state to reduce the amount of tax burden imposed on persons who operate vehicles
belonging to them.

While adjusting the tax in the optimum zone, it is advisable to establish a correlation with the
vehicle's annual mileage. It can contribute to a fairer principle of charging a vehicle operation tax.
When implementing this principle, those who drive less - pay less tax (except for owners of premium
and sports cars). Gradation is also possible in terms of vehicle engine capacity. For example, only
owners of vehicles with an engine capacity of up to 180 I/s may fall under this proposal, other vehicles
are taxed at a fixed rate. Such changes will be inside of the optimum zone, yet they will set fairness
as primary criterion, which will lead to decrease of poverty and social stratification, achieving the
recommendation of the European Commission. If the global situation changes and economy will need
extra tax revenues, the regulator will know to what extent tax rates or establishing of the new taxes
in vehicle taxation could be carried out to be comfortable enough for the tax payer, not making
taxpayer search for opportunities to use tax evasion.

Taxation of vehicles (including not only taxes, but also special charges on their owners) in Latvia
is not currently in the comfort zone for a number of categories of taxpayers (the first controlling
case). And most of this applies to people with low incomes who operate fairly old vehicles and
persons who have a residence permit in Latvia, whose vehicles are permanently registered outside
the European Union. The increase in excise tax rates not only makes positive sense, but also has

negative onerous consequences for many taxpayers. At the same time, no administrative measures
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will ensure the completeness of tax revenues to the budget if the tax mechanism adopted by law is
not adequate to the state of the economy and politics.

It should be noted that Latvia has successfully coped with the "free-rider problem" in relation to
persons declared in Latvia whose vehicles are registered in other EU countries.

It is necessary to link tax administration with tax innovations. Otherwise, "tax holes" may appear,
in which only those who have achieved virtuosity in avoiding taxes win, and the entire economy
loses.

Using the methods of variant optimization and "tax prism" will allow to visualize the process of
modelling various situations when searching for the fairest and most effective model of taxation of
vehicle owners.

A complete rejection of the tax in question through its inclusion in the cost of petrol for Latvia is
difficult to implement, since the analysis of fuel prices for the last three years shows that fuel prices
in Latvia are somewhat higher in relation to Lithuania and Estonia. This, as already mentioned, leads
to the fact that some car owners refuel their vehicles on the territory of these countries.

Fixing the value of the annual mileage of vehicles can be carried out both during technical
inspection, and using special GPS navigation systems, or using special devices (How to control
mileage, 2017).

At the same time, it is necessary to regulate the tax on vehicles registered in Latvia but used on
the territories of other countries, as well as the cost of creating a system for collecting such taxes.

It should be noted that the Ministry of Transport has allocated about 16 million euros for the
creation of similar systems in the Czech Republic. Within a few days, a team of IT specialists from
the Czech Republic created and delivered a state service to the government for free, which was
ordered by another company. As a result, the Czech Transport Minister was dismissed, since the
creation of such services does not currently involve significant financial costs (For one weekend and
free, 2020).

To select the optimal tax options related to the operation of vehicles, it is possible to additionally
use the "tax prism" method proposed by Verovska L. and Leontyev. A. in 2017, which allows to

visualize the process of selecting the most acceptable rates of the tax under study.

Conclusions, proposals, recommendations
1) The method of variant optimization using relative single indexes for optimal vehicle taxation is a

powerful tool that could be used as an anchor to see the current situation and a consequence of
possible changes in tax legislation. As a relative index used a relative coefficient of fuel equivalent
basing on an average salary, which could show over time dynamic of the situation with the vehicle
taxation.

2) The analysis of the controlling cases, acquired by the usage of the method of variant optimization
using relative single indexes showed that in the first controlling case the tax policy efficiency is
incomparable with fairness criterion, so it eventually leads to loss of budget revenues and at the
same time stimulates impoverishment of the population. In the second controlling case there is
only one optimal point, that complies with the criteria of fairness and efficiency. It should be used
by state authorities to set appropriate taxes and adjust tax policy. In the third controlling case
there is the area of optimal combination of fairness and efficiency. The government has wide
amount of options of possible tax rates, that could be used to adjust tax policy and be a reference

to a long-term planning.
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Latvia currently has incomparability zone, meaning the taxation of vehicles is not optimal for most
of the taxpayer with low or average income. To move from the incomparability to the zone of
optimum it recommended to establish a tax on the use of Latvian roads for owners of passenger
cars that are not declared in Latvia. This applies to owners of passenger vehicles who come to
the Republic of Latvia from countries that are part of the European Union or outside its borders.
This tax is easy to implement, because Latvia has experience of collecting a similar tax, for
example, from owners of cargo transport with a gross weight of more than 3000 kg, and from
vehicles registered outside of Latvia, whose owners have declared their place of residence on its
territory.

When zone of optimum will be reached it is advisable to establish a correlation with the vehicle's
annual mileage, which can contribute to a fairer principle of charging a vehicle operation tax.
When implementing this principle, those who drive less - pay less tax (except for owners of
premium and sports cars). Gradation is also possible in terms of vehicle engine capacity. For
example, only owners of vehicles with an engine capacity of up to 180 I/s may fall under this
proposal, other vehicles are taxed at a fixed rate. Such changes will be inside of the optimum
zone, yet they will set fairness as primary criterion, which will lead to decrease of poverty and
social stratification.

A complete rejection of the tax vehicle operation tax by including it in the price of petrol for Latvia
is difficult to implement, because an analysis of fuel prices over the past three years shows that
fuel prices in Latvia are slightly higher compared to Lithuania and Estonia. This leads to the fact
that some car owners refuel their vehicles in these countries. Fixing the value of the annual
mileage of vehicles can be carried out both during technical inspection, and using special GPS
navigation systems, or using special devices. In this case, it is necessary to regulate the tax on
vehicles registered in Latvia, but used in other countries, as well as the cost of creating a system

for managing such taxes.
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