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and income taxes 

with the use of econometric methods

Abstract. The authors examines the dependence of tax rates by direct and indirect taxes. The research 
methodology is based on the authors’ approach based on the construction of scatter diagrams, as well 
as the use of correlation and regression analysis. To calculate regression indices, data of 2007-2018 was 
sampled from 87 countries (10 indicators), including countries of different types (third world, developing and 
developed). The authors analyse the structure of tax revenues by type of taxes in the EU, depending on the 
socio-economic development of the country. 
The results of the analysis show no clear dependence between VAT and corporate tax rates. However, 
there is correlation between the rate of VAT and personal income tax. Mostly it is due to the level of socio-
economic development of the countries. Economically developed EU countries replenish the state budget 
revenues mostly by direct taxes. However, if indirect tax rates are high, their share in the national GDP is still 
quite remarkable (for example, in Denmark and Sweden). Meanwhile, in developing countries there is a clear 
predominance of consumption taxes in GDP (Croatia, Hungary). 
At the same time, there is a significant impact of political factors that are not amenable to mathematical 
evaluation. This, however, explains the results obtained by the authors. It has been noted that tax revenues 
from direct taxes prevail in developed countries, whereas developing countries prefer indirect taxes. 
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Оцінка оптимального співвідношення податків на споживання й доходи 
з використанням економетричних методів
Анотація. У статті досліджуються питання залежності податкових ставок за прямими й непрямими 
податками. Автори аналізують структуру оподатковуваних доходів за типами податків у ЄС залежно 
від рівня соціально-економічного розвитку країни. Основу методології дослідження складає 
авторський підхід, заснований на побудові діаграм розсіювання, а також застосуванні кореляційно-
регресійного аналізу. Для розрахунку показників регресії будо взято вибірку з 87 країн (10 показників), 
у які увійшли країни різних типів (країни третього світу; країни, що розвиваються; розвинені країни). 
Результати проведеного аналізу свідчать про відсутність чіткої залежності між ставками ПДВ і ставками 
корпоративного податку з громадян. Разом із цим існує кореляція прямої спрямованості між ставкою 
ПДВ і ставкою корпоративного податку з громадян. Вона, багато в чому, пояснюється рівнем соціально-
економічного розвитку держав. При цьому наголошується на істотному впливові політичних чинників, які 
не підлягають математичній оцінці, проте деякою мірою пояснюють результати дослідження. Авторами 
зроблено висновок, що в розвинених країнах переважають доходи, отримані від застосування прямих 
податків, у той час як у країнах, що розвиваються основними є надходження від непрямих податків.
Ключові слова: податки на споживання; корпоративний податок; податок на прибуток; податкова 
ставка; структура доходів від податків; матриця розсіювання; кореляція; гомоскедастичність; 
еластичність податкових ставок.
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Оценка оптимального соотношения налогов на потребление и доходы 
с использованием эконометрических методов
Аннотация. В статье исследуются вопросы зависимости размера налоговых ставок по прямым 
и косвенным налогам. Авторы анализируют структуру налоговых доходов по типам налогов в ЕС 
в зависимости от уровня социально-экономического развития страны. В качестве методологии 
исследования использован авторский подход, основанный на построении диаграмм рассеяния, а 
также применении корреляционно-регрессионного анализа. Для расчета показателей регрессии 
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осуществлена выборка данных по 87 странам (10 показателей), в которую вошли страны разных 
типов (третьего мира, развивающиеся и развитые). Результаты проведенного анализа говорят об 
отсутствии четкой зависимости между ставками НДС и корпоративного налога. Однако присутствует 
корреляция прямой направленности между ставкой НДС и подоходного налога с граждан. Она, во 
многом, объясняется уровнем социально-экономического развития государств. При этом отмечается 
существенное влияние политических факторов, которые не поддаются математической оценке, но в 
некоторой степени объясняют полученные автором результаты. Отмечено, что в развитых странах 
преобладают налоговых доходы от прямых налогов, в то время как в развивающихся – косвенных. 
Ключевые слова: налоги на потребление; корпоративный налог; подоходный налог; налоговая 
ставка; структура налоговых доходов; матрица рассеяния; корреляция; гомоскедастичность; 
эластичность налоговых ставок.

1. Introduction
Tax system is the most important economic regulator in any country of the world. In this 

regard, it is important to note that modern tax systems are characterised by complexity and 
heteroge neity of structures (by type of tax), as well as varying degrees of differentiation (by 
which the  authors understand the amount of fiscal payments). Thus, one of the fundamental 
tools for managing the tax system and the economy as a whole is the optimal ratio and combi-
nation of taxes, in particular a combination of federal, regional and local taxes; direct and indi-
rect taxes; taxes levied on individuals and legal entities.

In the framework of this research, the issues of the consumption and income taxes optimal ratio 
are studied from the standpoint of their functions. The regulatory function of the above mentioned 
taxes is most clearly appeared in the following aspects: 
1) the redistribution of national wealth in relation to the population;
2) economic and production business efficiency;
3) the formation of tax revenues of the country and the impact on the growth / reduction of the ille-

gal sector of the economy.
As a rule, taxes on income and consumption form the overwhelming majority of fiscal reve-

nues in the economies of the world. At the same time, the choice of priorities in budgeting by 
direct and indirect tax revenues is greatly determined by the level of the country’s socio-eco-
nomic development. In particular, indirect taxes dominate the incomes of developing countries, 
 whereas direct taxes form the basis of state revenues in economically developed countries.

The second approach is economically more equitable, since it is based on the formation of  real 
financial results of the business and the public. However, it requires highly developed tax con-
trol and discipline. In addition, tax revenues from direct individual taxes are most susceptible to 
the impact of financial crises, which creates significant fiscal risks for countries with developing 
economies. Countries with low business profitability, low incomes of the population and the ab-
sence of an effective tax administration system, are not able to ensure receipt of income taxes to 
the budget (Mawejje & Sebudde, 2019) [1]. For example, there is a number of European countries 
that raised VAT (indirect tax) rates in order to prevent a decline of income during the 2008 and 
2011 crises (but in some countries standard rates were reduced) (Lykova, 2015) [2].

2. Brief Literature Review
The optimal structure of the tax system is a topic that has always been attracting theoretical 

economists, practitioners and politicians (Vishnevsky, Goncharenko, & Gurnak, 2016) [3]. Despite 
the fact, that all developed countries levy indirect taxes on a broad basis, along with direct taxes, a 
relatively small amount of research is devoted to explaining the optimal structure and ratio of direct 
and indirect taxes (Boadway, Marchand, & Pestieau, 1994) [4]. Moreover, research in this area con-
siders problems not only within a whole country, but also within territories of the country.

In particular, Joy Eleniewski, Doug Nagode and James P. Trebby search for the optimal ratio 
of taxes on consumption and income in various US states in their study «Current Trends in State 
Taxa tion: Consumption Tax Versus Income Tax». They conclude that there is no single optimal 
structure for a tax system that could be implemented in every state. The combination of direct and 
indirect taxes should be built on the basis of specific economic conditions while minimizing the 
negative effects on the financial condition of the business and the public. The authors prove that 
states with a volatile economy can use sales tax, while more economically stable states should 
apply more aggressive tax policy, levying income taxes (Eleniewski, Nagode, & Trebby, 2014) [5]. 
Thus, the authors considered consumption and income taxes in the context of their fiscal tasks. 
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At the same time, a number of studies compare the influence of direct and indirect taxes 
on the redistributive function. In particular, Robin Boadway and Zhen Song, using the Atkin-
son-Stiglitz theorem, proved that if consumer preferences are poorly separable, the regulato-
ry function of indirect taxes is not effective when the optimal scale of non-linear income tax is 
applied at the same time. And in this case redistributive goals can be achieved with the help 
of income tax only, even if consumed goods differ significantly in income elasticity of demand 
(Boadway & Song, 2016) [6].

Emmanuel Saez comes up with a similar conclusion in his research. According to the author, 
from the standpoint of national wealth redistribution indirect taxation is not optimal. In’ his opi-
nion, national wealth redistribution should be carried out through direct income taxation. Howe-
ver, these results are fair only with fixed tax rate of goods and progressive income tax. In a situa-
tion where labour taxation is based on income only and where there is a substitution of different 
types of labour, these patterns do not work. Indirect taxation, as a tool for redistribution, is effec-
tive in short terms only. In the long run, direct taxation should be preferred to increase national in-
come and redistribute wealth (Saez, 2004) [7].

Often, when assessing the redistributive function of direct and indirect taxes, researchers  also 
consider the political factor, the effect of which leads to opposite results than those presen ted 
by the authors discussed above (Mayburov & Kireenko, 2018; Fairfield, 2013) [8-9]. For exam-
ple, Hector Sala analyses the evolution of the ratio between direct taxation (characterised by pro-
gressive rates) and indirect taxes (characterised by fixed rates), as well as the consequences of 
tax burden distribution for three groups of population, carrying out lower 50% of income, aver-
age 40% and high 10% of income in the United States. The author notes that fluctuations in the 
distribution of the tax burden have coincided with the election cycles in the United States since 
the 1960s. The periods when this ratio increases, coincide with the periods when the Democrats 
govern the Government, and there is a greater redistribution from the rich (10% of the best) to the 
rest of the population. Conversely, the periods when this ratio falls and the Republicans have the 
power are characterised by a decrease in this ratio and a smaller redistribution from the rich to 
the rest of the population. The authors conclude that the wealthiest citizens, being more informed 
economic agents, are able to protect themselves from toughening of fiscal conditions, thereby 
reducing the redistributive effects of establishing the income tax progression (Sala, 2019) [10]. 
Mexican authors come up to a similar conclusion, saying that Mexico had the lightest tax burden 
in Latin America during the last years. 

Their article states that the main reason for this phenomenon is the resistance of the politically 
mobilized economic elite (Ondetti, 2017) [11].

We have noted above that the excessive use of indirect taxes is economically unfair with res-
pect to end-users who act as tax carriers. The opinion that consumption taxation is inherently un-
fairly confirmed by early empirical data that suggest a high regressive component of VAT. Howe-
ver, this point of view is not supported by all scientists (Alizadeh & Motallabi, 2016) [12]. In par-
ticular, Milojko Arsić, Nikola Altiparmakov analyse the tax system of Serbia, as one of the repre-
sentatives of the European Union developing countries. In their study, they showed that a sig-
nificant part of the assumed VAT regressivity was due to the tendency of under-reported income 
inherent in sample household surveys. The authors proceeded from the assumption that house-
hold expenditure is a more significant indicator of well-being than recorded income. In many de-
veloping European countries, including Serbia, the significant presence of small-scale agricul-
tural food production is an important factor in the progressivity of VAT, rather than in developed 
European countries. Micro-model analysis of expenditures in Serbia showed that common be-
liefs about the inequity of indirect taxation are greatly exaggerated and poorly substantiated in 
the economic reality of developing European countries, where VAT can be considered moderate-
ly progressive (Arsić & Altiparmakov, 2013) [13].

It is important to note that VAT implementing to increase government revenues, raise economic 
efficiency and reduce inequality is a serious problem for developing countries. The issue of the dis-
tributive effect of VAT has received much attention in literature (Chugunov & Zhukevych, 2014) [14]. 
The disadvantage of the works described above is the fact that scientists are considering the re-
gulatory impact of tax mainly on households. However, VAT is not neutral for business, as some re-
searchers believe (Litvintseva, 2012) [15]. It becomes the final expense for manufacturers who can-
not accept it for deduction or are the final consumers of goods, works, and services. Thus, Céline de 
Quatrebarbes, Dorothée Boccanfuso, Luc Savard, using a two-stage  modelling  procedure -  general 
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balance followed by micro-modelling - illustrate the importance of taking  into account the features 
of the VAT structure for measuring its distribution and economic impact (Quatrebarbes, Boccanfu-
so, & Savard, 2016) [16]. A differentiated VAT rate is more cost effective than a single flat rate. A high 
VAT rate with tax exemption of basic food products has the greatest potential for poverty reduction. 
In terms of a tax deductions system, such VAT structure contri butes to the development of business 
and the fulfilment of state budget revenues.

The presented analysis of the scientific literature allows us to determine the vector of the 
study. It will assess the principles of establishing tax rates for direct and indirect taxes, depen-
ding on the level of development of the national economy and the structure of tax payments. 
This will determine either the presence or the absence of the optimal ratio of consumption and 
income taxes.

3. Research Methodology
To identify the relationship between the system of income and indirect taxation, the following 

analysis methods and techniques have been used as methodology.
1) The scattering matrix of countries (the study examined 87 states). A graphical representation of 

the compliance between income tax rates (corporate tax and income tax levied on individuals) 
and consumption allows countries to be segmented by the type of tax rate ratio. 

2) Matrix of pair correlation coefficients. This method is used to identify the dependence degree of 
the VAT tax rate (x1), corporate (x9) and income tax (x10) with regard to the general level of the 
national economy development, business condition and the welfare of the population. Accor-
ding to the authors’ methodology, the following indicators are selected to characterise the level 
of economic development:
• the annual inflation rate, % (x2);
• the trade balance, billion US dollars (x3);
• public debt in % of GDP (x4);
• GDP per capita, US dollars (x5);
• the index of ease of doing business (x6);
• the unemployment rate, % (x7);
• the food inflation rate, % (x8).

3) Correlation and regression analysis. The СRA is used to determine the degree of elasticity of 
consumption tax rates relative to income tax rates. In this case, regression allows us to find the 
equation of rate dependence in which the coefficient for an independent variable will be an in-
dicator of elasticity. We make a reservation that, in order to interpret the parameters of the re-
gression equation, a preliminary assessment of the equation for residues heteroskedasticity is 
carried out using the residual graph and the Goldfeld-Quandt criterion (1):

                                                                                                           (1)

The need to evaluate the model for heteroskedasticity is confirmed by the fact that the ana-
lysis uses a heterogeneous set of objects (countries of the 3rd world, developed and develo ping 
states).

4. Results
In order to assess the dependence of established consumption and income tax rates, two dis-

persion matrices were developed. Figure 1 shows the scatter graph for income tax and the VAT 
rates of the 87 countries with data as of 01.06.2019.

As there is a progressive income tax scale in most of the analysed countries, the following data 
were used in the study:
1) the basic tax rate was used in countries with fixed rates;
2) the average effective tax rate was used in countries with progressive taxation.

Only the main rate for consumption taxes (VAT, sales tax and other consumption taxes) was in-
cluded in the analysis.
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The scatter chart showed a direct dependence between the rates of direct and indirect taxes, 
and therefore a correlation and regression analysis was conducted between the rates of the above 
mentioned taxes at the next stage of the study, (Table 1).

Using the residual graph, the regression model was tested for heteroskedasticity of residues 
(Figure 2) and the Goldfeld-Quant criterion in order to determine the value of the considered fac-
tors (Formula 2).

                                                                                                             (2)

The actual value of criterion (2.0) did not exceed its critical value (2.12). Thus, we accept the 
null hypothesis about the homoskedasticity of the residuals of the paired linear regression in the 
general population. Therefore, the third premise of the regression analysis is fulfilled, and the pa-
rameters of the equation can be estimated using the conventional least squares method.

The results of the study showed that the rate of consumption taxes correlates with the income 
tax rate, but the income tax is not one of the fundamental factors in establishing the VAT scale. 
34.9% of the VAT rate variation is explained by the variability of the tax rate, while the remaining 
65.1% is due to other factors. This does not allow us to state that there is a significant relation-
ship between the income taxation of citizens and taxation of consumption. The analysis of the tax 
rates elasticity showed that with an increase of 1% in the tax rate, the average VAT rate for the ana-
lysed 87 countries increases by 0.264%. This does not correspond directly to the statement above 
about the predominant choice of taxes of one or another type by the countries. This discrepancy 
might be due to the fact that countries with high tax rates have a developed socio-economic sys-
tem, and are characterised by high profitability of business and citizen incomes ( Tikhonova, 2019; 

Table 1: 
The results of consumption tax rates (y) and income tax (x) regression

Source: Calculated by the authors

Figure 1: 
Graph of dependence between the income tax rate and VAT rate  in 87 countries

Source: Compiled by the authors
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Goncharenko, Tikhonova, Melnikova, & Malkova, 2018) [17-18]. On the contrary, a number of 
states with low tax rates are countries with a traditional eastern type of taxation system, where na-
tional and religious features play an important part (Oman, Yemen, and UAE).

To identify the dependence in the structure of tax revenues and the level of economic deve-
lopment, we consider the EU countries more attentively. The analysis showed that countries with 
high VAT and income tax rates included representatives of Scandinavia (Finland, Denmark, and 
Sweden), Belgium and the Netherlands. At the same time, the revenues from taxes levied on the 
incomes of organisations and citizens prevail in the budget revenues of these states even though 
they have high rates of direct and indirect taxes (Table 2).

As demonstrated in Table 2, economically developed EU countries replenish the state budget 
revenues mostly by direct taxes. However, if indirect tax rates are high, their share in the national 
GDP is still quite remarkable (for example, in Denmark - 16.2%; Sweden - 22.5%). Meanwhile, in 

Figure 2: 
Graph of the residuals of the regression equation

Source: Developed by the authors

Table 2: 
Structure of production and import taxes on consumption (b) and taxes on income (a) in several countries, 
% of GDP

Source: Compiled by the authors based on 
https://ec.europa.eu/eurostat/web/government-finance-statistics/data/database (as of 01.06.2019)

https://ec.europa.eu/eurostat/web/government-finance-statistics/data/database
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developing countries there is a clear predominance of consumption taxes in GDP (in Croatia - 6.4% 
versus 20.1%; Hungary - 6.9% against 18.3%).

A similar study was conducted to assess the relationship between corporate tax rates and con-
sumption taxes (Figure 3).

The scatter chart showed a lack of correlation between established corporate tax rates and con-
sumption taxes. A matrix of pair correlation coefficients is developed in order to assess the depen-
dence between principle of tax rates establishment and the general level of countries’ economic 
development (Table 3).

The matrix presented above showed a lack of connection between indicators of the econo mic 
development level and tax rates established. Such results substantiate the conclusion of Hec-
tor Sala about the significant influence of political factors on the tax system and the principles for 
establishing different elements of taxation. In addition, the tax rate is far from always an indicator 
of the tax burden in general. For example, a fairly high income tax rate in France does not demon-
strate the actual effective tax burden on the population due to a system of significant tax deduc-
tions. This fact distorts to some extent the obtained analysis results. 

5. Conclusions
The study showed that the priority choice of the tax type, which forms the basis of state bud get 

revenues, is mostly justified by the level of socio-economic development of countries, the quality 
of the tax administration system and tax discipline. An important part is also played by the politi-
cal factor, which is difficult to be estimated by mathematical methods, and the influence of which is 
rather difficult to predict. No relationship was found between the level of tax rates of  consumption 

Figure 3: 
Graph of corporate tax rate and VAT rate for 87 countries

Source: Developed by the authors

Table 3: 
Matrix of paired correlation coefficients

Source: Compiled by the authors
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taxes and corporate income, which, however, does not mean that there is no correlation between 
the tax burden of direct and indirect taxes (this aspect requires additional independent research). 
However, there is a correlation between the individual income tax rates and VAT. It allows us to 
come to the following conclusions.

Firstly, the tax rate is not an indicator of the tax burden of a country. Secondly, developed eco-
nomies set high rates for all types of taxes (direct and indirect), considering the purchasing power 
of the population and financial opportunities of business, as well as establishing a system of signi-
ficant social benefits for the least protected layers. 

In conclusion, it is worth saying that, taking into account the results obtained above, we 
must agree with the conclusions by American scientists Joy Eleniewski, Doug Nagode and 
James P. Trebby about the impossibility of determining the optimal ratio of taxes on consump-
tion and income. At the same time, with the qualitative identification of factors affecting the ar-
chitectonics of the tax system, it is possible to develop a mathematical model that allows one 
to determine specific parameters of the tax system under various conditions.
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