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Summary

The multiple linear regression model is applied, by approximation and smoothing,
to the time series of the key macroeconomic indicators of the Ukraine. The calcu-
lated regression statistics and the conducted ANOVA are presented according to the
remaining confidence, which is set at 0.97. The most significant impact on the state
budget reveals a second variable: the ratio of trade to the balance of payments, fol-
lowing which the impact on deficit depends on taxes. GDP and public debt do not
significantly affect the state budget deficit.

Significance of the problem. One of the important tasks of our days is to develop an
economic and mathematical model to show the influence of the key macroeconomic
indicators of the Ukraine, such as GDP, balance of trade, balance of payment, govern-
ment debt and taxes on the Ukraine’s budget deficit.

Statement of the problem. In an analysis of the basic characteristics of the Ukrainian
budget, we presumed a functional dependence of the deficit/surplus of the Ukraine’s
budget on key macroeconomic indicators such as GDP, balance of trade, balance of
payment, government debt and taxes.

Table 1 shows the selected key macroeconomic indicators that affect the budget
deficit.
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Table 1: Key macroeconomic indicators affecting budget deficit

Macroeconomic indicators | Specification

Growth rates and their reduction in certain areas of the
economy

Employment rate

Production growth rate

Tax efficiency

Account deficit

Sufficiency of foreign exchange reserves

External and internal debt and their interrelationship
Conditions of trade

Economic growth
(GDP)

Balance of payments
(Balance of trade)

Capital flows
Inflation Inflation volatility

Volatility in interest rates and exchange rates
Interest rates Real interest rate levels in the domestic market
and exchange rates Stability of the exchange rate

Support to the exchange rate

Growth indicators in credit
volumes and the cost of
assets

Growth in credit volumes
Growth the cost of assets

Change in foreign exchange rates

Change in interest rates

Change in raw material prices

Change in the cost of financial instruments

Market risks

Basic Market value of financial instruments
characteristics Credit rating
of the financial market Profitability of government bonds

Government loans and investments
Other factors Use of banking system resources by the state
Total debt in the economy

This functional relationship can be represented as a model of linear multiple re-
gression, with a target function of deficit/surplus in the Ukrainian budget, and is
calculated with an input of independent variables (the Ukraine’s key macroeconomic
indicators).

Analysis of studies and publications dedicated to the problem. Contemporary eco-
nomic literature presents various models for influence the Ukraine’s key macro-
economic indicators have on the budget balance. In general, these are economet-
ric single- and multi-factor linear regression models that describe the impact of
budget deficit or of taxes on GDP or the influence of tax revenues on the country’s
budget expenses etc.

Article 1 presents the model of interrelationship between the Ukraine’s budget
deficit and indicators of macroeconomic dynamics, as illustrated by the model of the
influence of taxes on the value of the Ukraine’s budget in the form of a two-factor
regression model.!
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Article 2 presents a model for the management of budget deficit and its compo-
nents through the study of their growth rates, and an inverse relationship is revealed
between the relative and absolute indicators of the budget deficit.?

Article 3 presents a regression model of dependence of GDP on the revenue of the
Ukraine’s budget and retail sales. This model is used for making forecasts on GDP.?

Article 4 presents a linear model of forecast of the government debt, and smooth-
ing was performed using the moving-average method on the basis of auto regression.*
Work 5 presents a linear regression model of the external direct and guaranteed debt,
which depends on deficit of Ukraine’s budget. It is shown that reduction of the budget
deficit results in increase of the budget.” Work 6 shows fuzzy modelling of post-crisis
economic processes with forecasting of the GDP. In our opinion, the drawback of such
modelling is the insufficient statistical data required for implementation of this model.
It is necessary, for example, to increase the amount of data by using quarterly data.®

V. V. Vitlinskyi’s studies’ analyse the importance of an optimal compromise between
the country’s desire to reduce the budget deficit and the negative effect of increasing
corporate taxes. It is emphasized that if the economy grows, taxes can be increased
and, vice versa, if the economy recedes, high tax rates only enhance recession.

The study of the functional relation in the form of a linear multiple regression
model is also interesting. In this model, the target function of deficit/surplus of the
Ukraine’s budget depends on the key macroeconomic indicators.

Objective of the study:

—study the dynamics of the key macroeconomic indicators of the Ukraine;

— build a model for the impacts of the key macroeconomic indicators of Ukraine
on the budget deficit;

Setting forth the basic assumptions. The statistical data of the presented independent
variables of the key macroeconomic indicators (GDP, balance of trade, balance of
payments, government debt and taxes) for the period between 1998 and 2013 must
be considered during the same intervals of time and place of operation. In order to
formalize data, we use the mathematical method of natural normalization, which does
not change the economic indicator, i.e. the normalized (non-dimensional) data only
comprise qualitative information.

By natural normalization, all the studied statistical data of the balance of Ukraine’s
budget given in million hryvnias for the period between 1998 and 2013 become non-
dimensional within the range 0-1 after re-calculation with the following formula:®

ok . Sk
P minP.
z

>

maxP, minP (1)
12 1

7(non dimensional)

where:

i—data change index,

P: — statistical data of the macroeconomic indicator,
mllnPj — minimum value in the statistical data,
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maxP: — minimum value in the statistical data,

P:l— fixed value in the statistical data,

P — recalculated non-dimensional value which corresponds to the fixed value of
the statistical data.

The P, values have no dimensions (millions hryvnias) and fall within the range of
values.

From among the basic numerical approximation methods of non-dimensional
time series points, we have chosen the approximation method for an analytical func-
tion, and for the table function of the Ukraine’s budget deficit for the period between
1998 and 2013, we have applied approximation by polynomials in the non-dimension-
al form.

Figure 1 shows a polynomial approximation of points in the Ukraine’s budget defi-
cit for the period between 1998 and 2013 in a non-dimensional form, using a polyno-
mial of 6" degree (broken line in Figure I):

y=0.00001x° 0.00007x° 0.142x* 0.1352x°-0.6398x 1.3688x (2)

with the standard error of deviation being 0.829.

The forecast value is calculated by this approximation. The value is shown in Figure 1
for the year 2014 (see the continuation of the broken line beyond the bottom line of the
points), and the forecast trend is a significant decrease.

Figure 1: Non-dimensional budget balance and approximation by a polynomial function of the
6" degree
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Figure 2 shows the data smoothed by approximation of time series of non-dimen-
sional budget deficit and the ratio of the balance of trade to the balance of payments
for the period between 1998 and 2013.
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Figure 2: Smoothed time series in the budget deficit and the ratio of the balance of trade
to the balance of payments for the period between 1998 and 2013
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Figure 2 shows that these two indicators have almost the same trend, which gives
room for a hypothesis that the ratio of the balance of trade to the balance of payment
on the budget deficit may have the most significant influence.

Iigure 3 shows the smoothed data of time series for non-dimensional variables like
GDP, general government debt and taxes from the item of the budget for the period
between 1998 and 2013. By analysing Figure 3, it can be concluded that in 2010 the
time series were almost identical and similar curves were drawn for the total govern-
ment debt and taxes.

Figure 3: Smoothed time series of the key non-dimensional macroeconomic indicators:
GDRP, total debt and taxes, 1998-2013
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The approximation and smoothing of the time series of the key macroeconomic
indicators of the Ukraine allow the economic and mathematical modelling by mul-
tiple linear regression.

In our opinion, the analysis of Figures I and 2 suggests that our hypothesis about
the greatest influence that the ratio of the balance of trade to the balance of payments
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has on the budget balance can only be be confirmed after application of the linear
multiple regression model.
If we consider the following dependences of the linear multiple regression:

Yy @ ax  ax  ax ax, (1)

where the target function Y is the country’s budget deficit which depends on the
independent variables: x, (GDP), x, (ratio of the balance of trade to the balance of
payment), x, (total government debt), x, (taxes).

Thus, for 15 observations, the standard error is 0.032999, the multiple R is
0.999267, normalized R? = 0.907226, R? = 0.998535.

Table 2 shows the basic regression statistics of the multiple linear regression model
of functional dependence of the country’s budget deficit on the key macroeconomic
indicators.

Table 2: Basic regression statistics of the multiple linear regression model

Coefficients | Standard tstatistics Pvalue Lower Upper

error 95% 95%
Y-section 0 3.57E-16 —6.4E+13 9.89E-15 | -0.02298 | —0.02298
0.0001 -0.21782 0.05887 -3.70005 0.003501 | -0.34739 | -0.08825
1.406567 0.748155 0.010714 69.82969 6.45E-16 | 0.724574 | 0.771737
0.0001 -0.60435 0.11261 -5.36679 0.000228 | —0.85221 —0.3565
0.0001 0.67251 0.127364 5.28023 0.00026 | 0.392184 | 0.952836

Table 2 shows that Fisher’s and Student’s test statistics, as well as the P-value fall
within the appropriate range of alternative hypothesis acceptance.
Therefore, the equation of the multiple linear regression is as follows:

y=-0.21782x, + 0.748155x, — 0.60435x, + 0.67251x,.  (2)

It can be concluded that the greatest influence on the budget balance is made
by the second variable — the ratio of the balance of trade to the balance of payments
(coefficient 0.745185 > 0). It is followed by taxes, according to the degree of influence
on the budget deficit (fourth variable with the coefficient of 0.672551 > 0). As far as
GDP (coefficient —0.21782 < 0) and government debt (coefficient —0.21782 < 0) are
concerned, they do not have a significant effect on the budget deficit.

Conclusions. In order to confirm the hypothesis about the availability of a function-
al dependence of deficit/surplus of the Ukraine’s budget on the key macroeconomic
indicators such as GDP, balance of trade, balance of payment, government debt and
taxes, we have done the following:

—The dynamics in recalculating the statistical series of the Ukraine’s budget deficit
are shown for the period between 1998 and 2013 in million hryvnias. With the help of
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the natural normalization formula, the non-dimensional values of this dynamics in a
non-dimensional form, which enables the presentation of the polynomial approxima-
tion of the points, using a polynomial of the 6™ degree (1) with the standard error
of deviation being 0.829, as a sufficient criterion of approximation. This allowed the
calculation of the forecast value, and this forecast tends to decrease significantly.

— The dynamics of the key macroeconomic indicators (independent variable mod-
els), such as GDP, balance of trade, balance of payments, government debt and taxes
of the Ukraine is analysed for the period between 1998 and 2013, and natural nor-
malization is applied to it.

— A model of multiple linear regression was developed, which became possible
after approximation and smoothing of the time series of the key macroeconomic
indicators of the Ukraine. Regression statistics was calculated and an analysis of vari-
ance conducted. The remaining parts are also presented according to the confidence
probability, given at 0.97. It is proved that the greatest influence is made by the second
variable, i.e. the ratio of the balance of trade to the balance of payments. It is followed
by taxes according to the degree of influence on the budget deficit. As far as GDP and
government debt are concerned, they do not have a significant effect on the budget
deficit.
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