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1. General Characteristics of the Dissertation

Topicality of the problem. The accurate (exact) prediction of tax revenueis
a very important task for state budget planning. Both underestimation and
overestimation of the planned revenue could cause problems in case the revenue
is used to finance government functions. The main and largest part of revenueis
tax revenues which are collected from certain taxes. For the past four years the
revenue from the profit tax was growing faster as compared with other tax
revenues. Therefore its importance has also grown up: last year the share of
profit tax revenue was 12 % of all the tax revenues. In the past few years
planning of profit tax revenue was not very exact: the sum of the profit tax
collected was considerably smaller or considerably larger than the planned
profit tax revenue. The difference between the actual and planned revenue was
about 12-56 % every year.

There are several related factors which aggravate profit tax revenue
modelling. It is doubtful if the indicator of profit tax revenue is stationary. The
assumption of the stationarity of indicators is usually made when applying
econometric models to the indicators. This problem is caused by a frequent
change of the Profit tax law. In addition, transitional processes, invoked by
privatization, integration to EU, and etc were typical of the Lithuanian economy
in the past few years.

Therefore very general equations used to describe the profit tax revenue of
macroeconometric models of many countries are not relevant to model and
predict the profit tax revenue in Lithuania. In order to predict budget revenues
accurately, their modelling methodology needs to be created so as to be
effective in the situation where regression relations are complicated while
disposable series of observations are rather short (the quarterly profit indicators
have been known since 1998 in Lithuania). Although the main attention is paid
to the analysis of profit tax revenue, the two-stage modelling methodology
presented here can be easily adjusted to the prediction of other tax revenues. It
can also be widely adapted to the class of applied research where the models to
be used were narrowed to very simple ones because of lack of observations
though true regression relations are complicated.

Financed by the Lithuanian State Fund of Science and Studies, the project
of “Mathematical Models of Lithuanian Economy to Predict Processes of
Macroeconomy”, aimed at the creation of a macroeconometric model of
Lithuanian economy, have been pursued for several years. The system of
equations of the government finances sector is an important part of the project
and the last part of the dissertation is dedicated to its formation.



Aim and tasks of the work. The objective of this dissertation is to develop
the compound methodology of profit tax modelling and predicting, based on the
use of legal information, economic information, and analysis of statistical
relations.

Seeking for the objective of the work, the following tasks were dealt with:
1. To review the Lithuanian and other countries' experience of state finances

modelling when different types of models (macroeconometric,

microsimulation, etc) are used as well as to assess the suitability of the
models presented in special works to model and predict the Lithuanian
budget revenue components;

2. To anayse the order of regulation of the profit tax and its amendments,
with a view to choose the basic tax elements that possibly have been
influencing the tax revenue most and that are most important in specifying
profit tax revenue models;

3. To develop and estimate the profit tax revenue models selecting the best
approximating indicator of the true profit tax base;

4. To build and estimate the models of approximating indicators of the true
profit tax base when using the profit indicator modelling and other
experience;

5. To choose the best econometric model parameters estimation methods
which yield the most accurate prediction;

6. To estimate the accuracy of profit tax revenue prediction, depending on the
profit tax base indicator used and the modelling method, and to introduce
the most appropriate algorithm for profit tax revenue modelling and
prediction.

Methodology of research. In order to fulfil the main tasks of the work,
mathematical and statistical methods were applied to research: statistical
correlation analysis, verification of hypotheses, regression analysis, and
cointegration analysis.

The systematic and comparative analysis methods have also been applied
for analyzing the modelling experience of government finances sector and tax
revenue indicators.

Novelty and practical use value. The compound methodology of profit tax
revenue modelling and prediction is presented in the work the core of which
consists of two-stage research. In the first stage, the profit tax revenue
regression dependence of the tax base is modelled. In the second stage, the
profit indicators that can stand for the profit tax base are modelled. The legal
information on the tax regulation is used to construct the profit tax revenue
models. Several ways of modelling the profit indicators have been presented.



The comparative analysis of model accuracy has been made and most
promising models chosen based on the results of this analysis.

Based on the modelling experience of other countries, the econometrical
model of the indicators of government finances sector has been created.

The results of the analysis, modelling, and prediction obtained in the
dissertation are used in the work of The Department of Economic Analysis of
the Government Office of the Lithuanian Republic, when providing prediction
of the profit tax revenue. In addition, the compound methodology of profit tax
revenue modelling and forecasting will be adapted to other tax revenue
modelling and forecasting as a continuation of the research presented here.

The scope of the scientific work. The dissertation consists of introduction,
four sections, conclusions, as well as of references and annexes. The volume is
110 pages. The dissertation is written in Lithuanian.

2. Contents of the Work

The first section The Experience of State Finances Indicators Modelling
reviews the principles of international and national classification of the state
finance system and government finance structure of Lithuania. The Lithuanian
tax system is also described here: the basic tax elements, principles of taxation;
and statistics on Lithuanian budget indicators are presented in the section. The
state finances system and its elements modelling methodol ogy, types of models
used to model separate tax revenues and all the elements of state financesin one
system in Lithuania and other countries are described as well. At the end of the
section, application possibilities of the reviewed methods are discussed for case
of Lithuania.

The whole work is based on the national classification of state finances
defined by the national laws, since there are no sufficiently long data series on
the state finance indicators classified by the international principles.

According to the Lithuanian laws and dtatistics, the main part of the
national budget revenue consists of revenues from taxes. Every year, revenues
from the four main taxes. persona income tax, profit tax, value added tax
(VAT), and excise tax made up more than 90 % of all the tax revenue. The
basic tax elements (tax object, tax subject, tax rate), the principles of tax
calculation, due dates of tax payment, and permanent changes of tax regulation
influenced the dynamics of tax revenues.

Various methods are applied in modelling of tax or tax group revenues.
One of the purposes of microsimulation models is the estimation (calculation)
of the total tax revenues. However the basis of microsimulation models is made
up of very detailed micro level (i.e. personal, household or firm's) data as well



as of very detailed information on the tax system elements and regulation.
Therefore, these models are designed to eval uate the primary and the secondary
impact of policy changes on the budget revenue as well as on the distribution of
income of persons (households) or firms, or between households and firms.

Elasticity models are often used to evaluate the effect of tax policy
changes. The tax revenue change and the tax rate change are usually included
into the models of this type where the impact on other economic indicators is
analysed. On the other hand, the tax revenue change could be analysed due to
tax base changes. Identification and estimation of the latter relation isimportant
to budget formation and monitoring of tax revenue collection.

The error correction model based on the definition of tax elasticity (see
P. Van den Noord, 2000) has been evaluated for the Australian economy
(S. Kennedy et al., 2004)

AlogM (t) = ap + a1Alog R(t) + o.oAlog B(t) + oz logM (t — 1) + 1
a2 10gB(t 1) + a5 0g R(t — 1) + 06Dy (t —1) + 7 Do (t - 1), @

where M denotes the profit tax revenue, Ris the tax rate, B is the profit tax base,
and D4, D, are dummy variables, here and in the sequel, A is the first-difference
operator.

Simple extrapolation models when revenue is forecasted extending the
linear revenue trend or a more sophisticated ARIMA type of models are used
for tax revenue modelling (S. Ahmed, 2004). In order to estimate various
special aspects, the tax revenue is usually described by regression models. For
instance, Y. Hsing (1996) analyses the impact of the tax rate on the tax revenue.
He assumes a nonlinear tax revenue dependence on the tax rate and verifies this
assumption by evaluating the regression model

M(t) = B1R(®) +B2R? (1) +&(t) - @)

In general case, M(t) denotes here the tax revenue or logarithm of this indicator,
R(t) isthe tax rate or its logarithm. If the parameters B4, B, are significant, B, has
positive value and B, — negative, then the equation confirms that the tax revenue
are growing until the tax rate reaches a certain level; the subsequent increase in
tax rate does not bring any revenue gain.

Finances of the government sector as a part of the whole economy are
modelled by the macroeconometric model of many countries. NBNZ-
DEMONZ (D. Rea, 1996) of New Zealand, HERMIN HE4 (J. Bradley,
A. Kangur, |. Kearney, 2001) of Estonia, BOF5 (A.Willman, M. Kortelainen,
H.-L. Mannisto, M. Tujula, 1998) of Finland, LITMOD (D. Celov,



F. M. Andersen, et al., 2003) of Lithuania, etc. The government sector finance
indicators are usually described by simple identities in the macroeconometric
models: the indicator of revenue or expenditure is equal to the product of the
indicator of revenue or expenditure base and the rate.

The second section Modelling of the Profit Tax Revenue describes
factors that determine the profit tax revenue modelling and also presents the
compound methodology of profit tax revenue modelling and forecasting. The
first stage of profit tax modelling is described in detail: selection of explanatory
indicators for the model, econometric models of the profit tax revenue, methods
for model parameter estimation, and criteria for a selecting models. The profit
tax models estimated their characteristics where three different profit indicators
have been used as the tax base in these models are presented in the section.

Several factors such as nonstationarity of the profit tax revenue indicator,
frequent amendments of profit tax regulations, rather short data series of
economic indicators, the objective to employ legal and economic information,
and etc, complicate the construction of profit tax revenue models. The author
suggests solving of the problems of modelling of the profit tax revenue
indicator by dividing it into two stages: estimation of the dependence of profit
tax revenue regressions on the main profit indicators of economy and formation
of prediction algorithms of the profit tax base. These stages make up the basis
of the compound methodology of profit tax revenue modelling and prediction.
After the correlation analysis of the profit tax indicator and severa different
profit indicators, three profit indicators of nonfinance enterprises have been
chosen for the role of the profit tax base: operating profit (loss) OP, profit (loss)
before tax PBT, profit before tax of profitable enterprises P.

Stage |. Modelling and prediction of the profit tax revenue. In order to
predict the profit tax revenue indicator, it is necessary to find the profit tax
function dependent on the tax base indicator B and various legal tax element
indicators E; for more accurate profit tax revenue M estimation (calculation)

M(t)= f(B().Ei(). €)
The profit tax revenue forecast is based on the prediction of the profit
indicator obtained in the second stage.

Stage I1. Modelling and prediction of the profit tax base indicator. The
genera form of the profit indicator model is

B(t) = f(Z(t)B(t—t)+&(), 4

where Z(t) denotes a vector of regressors chosen on the basis of economic



theory and logics and by means of primary correlation analysis.

Econometric models. Several types of econometric models have been
used for modelling the profit tax revenue and the profit indicator modelling.

Let B(t) denote a regressand (the profit tax revenue or the profit tax base)
and Z(t) — a respective vector of chosen regressors at the moment t. The
simplest linear regression model is of the following shape

B(t)=0TZ(t)+&(t),t=1,...,n. (5)

Here 6 is the vector of model coefficients, &(t) is stochastic error uncorrelated
with Z(t). Since in the recent years the economy of our country has been
growing fast, the variables of model (5) are not stationary. Therefore the model
modification that describes the linear relations of relative economic indicatorsis
noteworthy:

b(t) = 07 z(t) + &(t), (6)

where the lower case letter denotes the ratio between the corresponding
indicator and the gross domestic product Y, b(t)=B(t)/Y(t).

In recent years the vector error correction models have been evermore
widely used to describe the growing economy. These models are usualy
applied to logarithmic economic indicators.

B(t) is said to be cointegrated with the stochastic Z (), if there exists a
coefficient vector g such that

B'(t) =B/ Z" (t) + u(t), ()
where u(t) is a stationary (in a wide sense) process. Here and hereafter, the

asterisk (*) denotes logarithmic transformation. Eq. (7) describes long term
relations of B" and Z'. The variable u(t) is treated as a measure of deviation

from the long term equilibrium B” (t) =BTZ" (t). The error correction model
describing short term fluctuations is constructed on the base of the cointegration
relation. The general form of the error correction model is

AB* (t) = au(t —1) + A(L)AB" (t) +yTAZ" (t) + D(t) + &(t) . 8

Here L denotes the lag operator: L*Z(t)=Z(t—k); A2 is a polynomial:

10



A(L)=aL+---+apLP; D(t) is a deterministic component, which includes

deterministic time trend, seasonal index, etc; the vectors y and B and
coefficients a, a,... op are unknown parameters of the model; &(t) denotes
stochastic residual of the model, which does not correlate with other
components on the right side of eq. (8). In addition, &(t) is usually assumed as a
white noise term.

Estimation of model parameters. In the applied research where linear
regression schemes are used, the least squares parameter estimation methods are
most common. To illustrate this method, the respective statistical estimate of
the model (5) parameter is presented

O =argminY (B(t) - 0T Z(t))2 - w, ©)
0 t

where w; are chosen weights. In a particular case where w; =1, the classica
estimate of least squares method (LSM) is obtained.

In the econometric theory it is recommended to use weights in the case
where the residua ¢(t) is heteroskedastic, i.e. where its dispersion is not
constant. However there is a practical aspect of choice of the weights w;. The
applied models are only an approximation of the reality (real relations). The
relations between B and the vector of regressors Z are evolving, i.e., in the real
economy even the parameters 6 = 6(t). Since the aim of the model is to predict
profit or profit tax revenue as accurately as possible, it is reasonable to seek a
more accurate approximation in the near past, while the errors in further past
are not that important. According to this logic, the weight function is supposed
to be growing even if the residua ¢(t) of the model is homoskedastic.

Along with the LSM, the median estimation is also used in this work. In
the latter case, the estimates of model parameters are defined by the equality

é:argeminztllB(t)—eTZ(tH- (10)

The median estimations are more robust than the statistics of the type defined
by eq. (9) which is very important in the Lithuanian case.

Criteria for model selection. When selecting the profit tax revenue
models as well as profit tax models later on, two criteria were taken into
consideration:

= dignificance of the model (correspondence to the economic logic),

= accuracy of model prediction.

11



The accuracy of model prediction is estimated by several statistics. The
mean relative quarterly indicators prediction error for 2005 (called in the
sequel prediction error) and the mean relative yearly prediction error for
2005 (called in the sequel yearly prediction error) have been obtained using
the parameter estimates calcul ated by the observations until the end of 2004.

Undoubtedly, the yearly prediction error is not sufficiently reliable
measure of model accuracy. Therefore in order to evaluate and compare
prediction accuracy of models, the statistic § has also been calculated using a
special crossvalidation procedure called one leave out or jack-knife method. Let

us define it in the case of model (5) for illustration. Let §(z) denote the estimate

of parameter 6 obtained after eliminating the observation from the sample at the
time moment 1. The statistic § is defined by the equality

S=%ﬁ@nqo, (12)

where (1) = B(r) - o7 (t)Z(r) and c(t) are selected weights the sum of which
isegua to 1. Two types of weights are used in the work: ¢;(t) = /12 if 7 stands
for a quarter from the period of 2003—2005, and c,(t) = 0, in other cases, or
Co(t), which are linearly growing weights, if = stands for a quarter from the
period of 2003-2005, and c¢,(t) = O, in other cases.

The statistics §; has been calculated to estimate prediction errors not of
the quarterly, but yearly indicators. It is defined by the equality

gJ:§®ughpughpu@u (12)

where 3(J) = > 8(t) . Here J;, J,, J; stand for one of the respective years 2003,

ted
2004, and 2005. In order to compare the accuracy of models with different
indicators, the accuracy (error) statistics of particular models are presented in
percentage.

The profit tax revenue function. In the profit tax revenue modelling, a
great attention has been paid to profit tax regulation, because the laws that
regulate profit tax were changed many times and the amendments usually
affected and changed more than one tax element. When specifying profit tax
revenue models, additional regressors have been constructed on the basis of the
tax regulation for the period of 1998:1-2005:4: tax rate indicators (R(t) R(1)),

12



the tax base indicators for calculating the advanced profit tax payment and
yearly profit tax (Bo(t), Bn(t)), and dummy variables related with due dates for
the tax payment (D3(t), D4(t)).

According to the profit tax regulation, the profit tax revenue consists of
several components: the profit tax advanced payment that could be divided into
two parts, (yearly) profit tax payment, profit tax on dividends, profit tax at the
source, and other profit tax payments. Assuming the insignificance of some
components, the estimation of the profit tax revenue function can be started
from the following linear regression model

M (t)= a1 -R(t) - Bo(t) + a2 - R(t) - B(t) + a3 - Rn(t) - Bm(t) + &(t) . (13

The model parameters have been estimated by the weighted LSM using linearly
growing weights. This kind of estimation was more suitable for al the other
profit tax revenue models. The obtained model was not accurate enough
because it took no account of seasonality typical of the profit tax revenue
related to profit tax payment dates as well as for transfer of the losses (N),
incurred in the previous years, to the current year, provided by the law, and of
preferential tax rate on the profit used for investment (1), and possible return of
overpaid profit tax or covering of other tax by it. The general form of the
obtained model is asfollows:

M(t) = a1-R(t) - Bo(t) + a2 - R(t) - B(t) + @3 - R (t) - Bm(t) - D3(t) +
4 Rn(t) - Bm(t) - Da(t) + a5 - R(t) - N(t-3) + g - 1 (t —4) - Do (t) + (14)
a7 -M({t-1)+e(t).

Here D(t) is a dummy variable related to validity of the preferentia tax rate.
While estimating parameters of this model in view of each profit indicator, the
number of parameters decreased after excluding insignificant indicators.

It is very likely that nonstationary residuals could be obtained by applying
linear regression to model the profit tax revenue indicator M(t). In order to
avoid nonstationary errors, the indicators of the ratio between the tax or the
profit and GDP have been analysed. Respective ratio indicators are denoted by
lower case |etters. So, better results have been obtained with this type of models

mM(t) = a1 -R({) - b (t) + oo - R(t) - b(t) + oz - R(t) - n(t — 3) + o4 - D3(t) +

o5 - Da(t) + ot i 2(t — 3) - Do (t) + £(t) (15)

in comparison with the models of primary non-ratio indicators.

13



The experience of many macroeconometric researches in different
countries shows that ratios of macroeconomic indicators are rather stable,
therefore the cointegration analysis applies to logarithmic indicators. The
cointegration equation of logarithmic indicators have been constructed

M’ (t) = Bo+ Au(B- R)" (1)) + 2D (1) + B3D, (1) + u(t) . (16)

Here B; denote coefficients after estimating of which by the LSM, the ADF test
of the unit root showed the stationarity of the residua u(t). Based on this
cointegration relation, error correction models have been constructed and
estimated, including (lagged) differences of logarithms of the various indicators
(M(t), B(t), Bo(t), N(t), I(t)). The obtained error correction model

AM™ (t) = —a[M “(t-1)+Bo+P1(B-R)" (t—1)+B2Dy(t) +B3D, (1) |+ 17)
BaA(B-R)" (t—2) +BsA(B- R)o(t —2) + BsA(N - R)" (t - 3) +&(t)

gave rather good results. Here and hereafter, the cointegration relation is
indicated in square brackets.

Since the final accuracy of profit tax revenue prediction also depends on
the prediction of profit indicators, several identified models of profit tax
revenue have been selected. The model of ratio indicators of (15) type had the
least errors

m(t) = 6,308 b(t) - R(t)+3,789- by (t) - R(t)- 2,937 n(t - 3) - R(t)+

(< 0p01) (0,022) (0004) (18)
0,017- D3 (t)+0,013- D4 (t)+ £(t).
(<0,001) (<0,001)

However having more observations in the future, this conclusion may be
different. The coefficients are estimated here in the case where B(t) is the profit
indicator OP. Under each coefficient the significance level (p-value) is
indicated in brackets. While analysing the prediction accuracy of model (18),
next accuracy (error) estimates have been obtained: § =5,1 %, the yearly
prediction error was 3,7 %.

The third section Profit Tax Base Modelling and Profit Tax Revenue
Prediction describes the second stage of profit tax revenue compound
modelling. Several most suitable quarterly profit indicators have been chosen
for the profit tax base. Based on the practice of profit tax modelling described in
various works and making use of the profit definition, regression models of

14



profit indicators as well as that of profit ratio indicators, and error correction
models have been constructed. Explanatory variables and their functions used in
the various models of profit indicators are presented in the section as well. After
choosing more accurate estimated models of the profit indicators, error statistics
of the compound prediction have been calculated and the most accurate
agorithm for profit tax revenue prediction established.

There are several possible true profit tax base approximating indicators
which are announced every quarter by the Department of Statistics. However,
according to the results of the primary correlation analysis, only three indicators
have been chosen: OP, PBT, and P. The same econometric models, parameter
estimation methods, and model selection criteria have been used for modelling
the profit indicators as for the profit tax revenue.

The preliminary statistical analysis has shown a strong dependence of
profit on GDP (YY), materia investment (1) and wage fund (F). In some models,
the significant regressors were export volume (X), and the bank credit average
interest rate (r).

When estimating the export impact on profit, the moving average of export
changes has been used as a regressor in this work

X(t) = i[k@}x t-s), (19)

s=0

where 7 is the time point a which the cross-correlation function
r(t) = cor(AB(t),AX(t — 1)) reaches its maximum. It is also expedient to use

moving averages for modelling the impact of material investment on profit
when defining the capital

()= Z1ea(s), (20)

where [(t) is the value of intangible assets purchased in the time period s, and

the multiplier q(s, t) shows the share of the previous value of assets left at the
moment t. It is determined on the base of expert opinion.

On the basis of the approximate formula of operating profit calculation,
first of all the regression equation has been identified

B(t) = 0,Y(t) — 02F (t) — 03l (t) + &(t). (21)

15



All the three regressors were significant and the estimates of parameters met the
aprior assumption

6 >0 =13 (22)

As expected, the ADF test showed nonstationarity of errors. The model had
very bad accuracy statistics. The additional regressor X(t) reflecting the export
influence improved the modelling accuracy. In order to stress the export
influence on profit, several economy sectors, such as manufacturing and
transport, were grouped into one sector. We call this group of sectors the
production of which makes the mgjor part of country export the first sector and
the group of other sectorsis called the second sector. B;(t) denotes the profit of
the i-th sector. We aso use this notation to denote other indicators. Thus, the
economy profitis

B(t) = Bu(t) + B2 (b). (23)

As shown by the analysis made, the profit forecast calculated with the aid
of this decomposition is rather accurate. However, good results have been
obtained when the indicators By(t) and B,(t) were modelled in different ways.
The profit indicator By(t) was rather well described by the regression equation

Bi(t) = 0V (t) 02 (t) — Osl (t—2)+04X(t-3) +#(t) (24)
while in the case of the second sector, this model gave quite poor results. The

prediction accuracy of both the first sector profit and the whole economy profit
has been improved after proceeding to the ratio indicators

b(t) = 01 — 02 f (t) — O3i(t) + &(t). (25)
Here as above, the ratio between the indicator and GDP is denoted by the lower

case letter. EQ. (25) was expanded by including the bank credit average interest
rate r(t) and adummy variable

1 ast;<t<t,

di() = {0, in other cases. (26)
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Here the time moment t; is the beginning of 1999 and t, is the end of 2000. The
impact of the Russian crisis on the Lithuanian economy was highest during
these years. So, the expanded model is

b(t) = 01 + 0 f (t) + O3i (t) + Oar (t — 4) + 05y (t) + &(t). @7

Good results have also been obtained by applying the equations of (25) type to
the sectors mentioned separately. In the case of the first sector, the additional

regressor X(t) (it is defined in a similar way as )Z(t) in eg. (19) just replacing
the absolute export difference indicator AX(t) by the relative ones AX(t)/X(t))
was included

bu(t) = 01 + 0 f1 () + O30z (t — 3) + 040 (t) + O5X() + £(t) , (28)

where the dummy variable

1, ast>tj
da2(t) = {O, in other cases. (29)

Here t; denotes the beginning of 2004 when the foreign trade conditions
changed. The credit rate variable r(t) and seasonal dummy variables included
into eg. (28) were not significant.

Applying the cointegration analysis, the error correction equation

AB' () = afB" (t-1) + Bo +PoY" (t—3) +Pol “(t- |+ BAY (t-F+e(t)  (30)

acquired not so bad accuracy properties.

The indicators of individual sectors cointegrate worse than that of the
whole economy. Therefore modelling of the first sector profit indicators has not
justified itself by this type of model, whereas the error correction equation of
the second sector profit

AB3 (1) = o[B3(t~1) + Bo +BaYs (t—3) + Bal (t- 2|+ 0.4V () +£(t)  (30)
can be used for prediction of the variable B,.
At the end of the work, the prediction errors of the profit tax revenue M(t)

have been obtained in the case, where the values of profit indicators used in the
profit tax revenue models are not known, but are predicted using the profit
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models presented above. One of the most accurate profit tax revenue
predictions has been obtained by applying a compound algorithm which
consists of the equations

by (t) = —0,120 - 2,302- f (t)- 0,591 iy (t — 3)+ 0,042 X+ 0,013- da+ &(t), (32)
(0,004) (<0,001) (0p41) (0003)

ABj(t) = —0,608- | B (t —1)+ 23198 2,148 Y (t —3)-1,263-1 *(t— 2) |+
(<0po1)  (<0p01) (0009) (0p15) (33)
0,586- AY (t)+ (t),
(0,078)

and the profit tax revenue model (18). In eq. (32), the modelled profit indicator
is OP of the first sector; the model parameters have been estimated by the LSM.
In eg. (33) the modelled profit indicator is OP of the second sector; the model
parameters have been estimated by LSM. Based on the accuracy analysis, it
could be stated, that using this algorithm the yearly prediction error will not
exceed 6 % disregarding the influence of the errors of GDP and fund of wages
forecast.

The fourth section The Model of Government Sector Finances presents
the system of equations that describe the government finance sector. When
constructing it, the modelling experience of other countries has been used for
choosing the variables of equations.

In the macroeconometric models considered it was noticed that the
government finance sector is usually described by similar equations
independent of a country’s economic peculiarities, assumptions of the model,
etc. The adequacy of typical government finance equations to the Lithuanian
data was verified by using similar indicators provided by the Statistical
Department of Lithuania. It has been established that typical equations cannot
be directly applied in the estimation of the government finance sector of
Lithuania. The typical equations were replaced by stochastic models where the
stochastic correction coefficient « was included into the model

GT(t) =a-RGT(t) - BGT(t) + &(t). (34
Here GT(t) is the indicator of tax revenues or other government finances,
RGT(t) is the rate (exogenous), BGT(t) is the base of the tax revenue or another

indicator of government finances.
In addition, the linear regression models dominated in the macromodels
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analysed have been replaced by the error correction models since the latter
model s distinguished themsel ves for a better accuracy.

3. General Conclusions

The compound methodology proposed for profit tax revenue modelling and
prediction can solve modelling and forecast problems of this nonstationary
indicator depending on various changes of regulating factors.

The accuracy of models of both the profit tax revenue and profit indicators
has increased after constructing linear regression models for the ratio of the
initial indicators with GDP but not for the initia indicators.

It has been found that good results of modelling and forecasting of the
profit and the profit tax revenue can aso be obtained when the relations of
indicators are described by error correction models.

The weighted least squares method with linearly growing weightsis highly
recommended for the estimating of the parameters of the models, though
the median estimation method is also noteworthy.

In order to stress the export impact it is reasonable to divide the whole
economy into two sectors (the exporting sector and that for selling in the
domestic market).

The most recommended procedure of the profit tax revenue prediction at
present includes equations (18), (32) and (33); moreover, it is reasonable to
use the OP of nonfinance enterprises as the profit tax base (in the future
this conclusion could differ in case we have more observation data and
revise the models accordingly). Using this algorithm, the yearly prediction
error should not exceed 6 % disregarding the influence of the errors of
GDP and fund of wages forecast.

Published works on the topic of the dissertation

In the acknowledged editions

MACIULAITYTE, E.; RUDZKIS, R. Econometrical estimation of tax
revenue. Liet. matem. rink., spec. release, 43, Vilnius: IMI, 2003, p. 520—
524 (in Lithuanian). ISSN 0132-2818

BUDRYTE, A.; MACIULAITYTE, E. Statutory and effective profit
taxation in Lithuania. Monetary studies, 2, Vilnius. Bank of Lithuania,
2004, p. 54-78 (in Lithuanian). ISSN 1392-2637

BUDRYTE, A.; MACIULAITYTE, E. Forecasting Budget Revenue form
Profit Tax. Monetary studies, 3, Vilnius: Bank of Lithuania, 2005, p. 5-27
(in Lithuanian). ISSN 1392-2637

19



4. MACIULAITYTE, E. The Ways of Profit Tax Modelling in Lithuania.
Economics, 73, Vilnius: VU, 2006, p. 57-67. ISSN 1392-1258

5. RUDZKIS, R.; MACIULAITYTE, E. Econometrical Modelling of Profit
Tax Revenue. Nonlinear Analysis: Modelling and Control, IMI. 2007.

In the other editions

6. MACIULAITYTE, E. SECINSKAS, V. Tax revenue and tax burden in the
Baltic states. In: Aspects of the regiona economic policy (Lithuania,
Belarus, Kaliningrad). The collection of articles of participants of The
regional programme for economist. LBDFI. 2004, p. 200208 (in
Russian).

7.  MACIULAITYTE, E. Changesin main tendencies of the Baltic States' tax
revenue indicators — similarities and differences. In: Proceedings of the 5th
conference of young scientists “Lithuania without science — Lithuania
without future”. Mathematics and informatics. Vilnius: Technika, 2002,
p. 7-14 (in Lithuanian).

8. MACIULAITYTE, E. The main tendencies of changes in Lithuanian
budget revenue indicators. In: Proceedings of the 4th conference of young
scientists “Lithuania without science — Lithuania without future’.
Mathematics and informatics. Physics and physical informatics. Vilnius:
Technika, 2001, p. 43-49 (in Lithuanian).

About the author

Elena M&iulaityté was born in Vilnius on November 13, 1975.

Education. In 1993-1999 studies at Vilnius Gediminas Technical
University Faculty of Fundamental Studies. Bachelor of Engineering
informatics. In 19992001 studies at Vilnius Gediminas Technical University,
Faculty of Fundamental Studies. Master of Mathematical Statistics. In 2001—
2006 — PhD student of Vilnius Gediminas Technical University.

Work experience. 2002 — present: Vilnius Gediminas Technical
University. Junior lecturer. Lecturesin Economical Statistics and Econometrics,
Mathematics. 2002 — present: Office of Government of the Republic of
Lithuania. Specidists at the Division of Economic analysis.

20



VALSTYBESFINANSU EKONOMETRINISMODELIAVIMAS

M okslo problemos aktualumas. Tikslus mokesgiy pajamy prognozavimas
— labai svarbi uzduotis planuojant biudzeto pgjamas. Tiek sumazinta, tiek ir
padidinta prognozé gali sukelti problemy skirstant asignavimus, vykdant
numatyta valstybés funkcijuy finansavima. DidZiausia ir pagrindiné biudZeto
pajamy dalis yra mokestinés pajamos, kuriy sudedamosios dalys — pgjamos i
atskirpg mokestiny. Ketverius paskutiniuosius metus pelno mokesgio pajamos
palyginus su kitais moketiais didéjo bene sparCiausiai, todél iSaugo Sio
mokestio reikdmé — pragjusiais metais pelno mokesGiui teko 12 % mokestiniy
pajamy. Pastaraisiais metais pelno mokesgio planavimas nepasizyméjo tikslumu
— pelno mokesgio pajamy buvo surenkama Zymiai maZiau arba daugiau nei
buvo planuota. Surinkty pajamuy neatitikimas planuojamoms sieké 12-56 %.

Pelno mokestio pajamy modeliavima Lietuvoje apsunkina keletas susijusiy
veiksniy. Pelno mokestio pajamy rodiklis vargu ar tenkina stacionarumo
prielaida, kuri paprastai daroma taikant ekonometrinius modelius. Ta susije su
daZna pelno mokestj reglamentuojandiy teisés akty kaita. Be to, pastaraisiais
metais Salies ekonomikoje vyko struktariniai pokyéial, kuriuos sukélé
privatizavimo procesasir integracijaj Europos sajunga.

Daugelio Saliy makroekonometriniuose modeliuose naudojamos bendro
pobadZzio pelno mokestio pajamy lygtys néra pats tinkamiausias pelno
mokestio modeliavimo ir prognozavimo budas. Siekiant kuo tiksliau
prognozuoti biudZeto pgjamas reikalinga nauja ju modeliavimo metodika, kuri
buty efektyvi situacijoje, kai regresiniai rySia yra gana sudétingi, o
disponuojamos stebéjimuy eilutés yra neilgos (Lietuvoje ketvirtiniai akio pelno
rodikliai turimi nuo 1998 m.). Nors disertacijoje pagrindinis démesys skiriamas
pelno mokestio pajamy analizel, pasitlyta pakankamai efektyvi dvipakopé ju
modeliavimo metodika nesunkiai gali bati pritaikyta ir kity mokestiniy pajamuy
prognozavime. Apskritai ja galima adaptuoti gana plagiai taikomuyjy tyrimy
klasei, kai del stebejimy stokos tenka apsiriboti paprastais modeliais, nors
tikrigji regresiniai rySiai yra komplikuoti.

Finansuojant Lietuvos Valstybiniam mokdo ir studijy fondui kelis metus
buvo vykdoma  ,Lietuvos  ekonomikos matematiniy modeliy
makroekonominiams procesams prognozuoti“ programa’, kurios vienas
pagrindiniy tiksly yra Sdies akio makroekonometrinio modelio sukiirimas.
Svarbi jo dalis yra valdZios sektoriaus finansy modelis, kurio sudarymui skirta
paskuting disertacijos dalis.

! Lietuvos VMSF remiama programa , Lietuvos ekonomikos matematiniai modeliai makroekonominiams
procesams prognozuoti* (registracijos Nr C-03004).
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Darbo tikslas ir pagrindiniai uzdaviniai. Sios disertacijos tikslas —
sukurti sudéting pelno mokestio pajamy modeliavimo ir prognozavimo
metodika, paremta teisinés informacijos, ekonominés informacijos bei
statistiniy rySiy panaudojimu. Siekiant uzsibrézto tikslo buvo sprendziami tokie
uzdaviniai:

1. iSnagrinéti Lietuvos ir kity Saliy valstybés finansy modeliavimo patirtj, kai
naudojami jvairaus tipo modeliai (makroekonometriniai,
mikrosimuliaciniai ir pan.), ivertinti specidioje literataroje pateikianmy
modeliy tinkamuma Lietuvos biudZzeto pajamy modeliavimui  ir
prognozavimuli;

2. i%ndizuoti pelno mokesgio reglamentavimo tvarka ir jos kaita bei atrinkti
mokestinius elementus, dariusius galima didZiausia poveiki mokesgio
pajamoms, tyrimo rezultatus panaudoti mokestiniy pajamy  modeliy
specifikavimui;

3. sudaryti ir jvertinti pelno mokestio psjamuy modelius, parenkant
tinkamiausia mokestio bazés rodiklio arting;

4. naudojantis pelno rodiklio modeliavimo patirtimi sudaryti ir jvertinti pelno
mokesgio bazés artiniy modelius;

5. parinkti geriausia modeliy tikduma lemiancius ekonometriniy modeliy
parametry vertinimo metodus,

6. jvertinti pelno mokestio pajamy prognozavimo tiksluma, priklausomai nuo
mokestio bazés rodiklio pasirinkimo bei to rodiklio modeliavimo bado, ir
pasilyti tinkamiausia pelno mokestio pgamuy modeliavimo ir
prognozavimo algoritma.

Tyrimy metodika. Siekiant atlikti numatytus darbo uzdavinius buvo
taikomi matematiniai, statistiniai tyrimo metodai: statisting, koreliaciné analizé,
hipoteziy tikrinimas, regresiné analiz¢, kointegravimo analizeé.

Analizuojant valstybés finansy rodikliy bei pelno rodiklio modeliavimo
patirtj buvo taikyti lyginamosios analizés metodai.

Darbo mokslinis naujumas ir praktiné nauda. Darbe pasitlyta pelno
mokestio pajamy modeliavimo metodika, kurios esmg sudaro dvieju pakopu
tyrimas. Pirmgjame etape modeliuojama pelno mokestio pajamuy regresiné
priklausomybé nuo mokestio bazés. Antrgjame etape modeliuojami tie pelno
rodikliai, kurie gali geriausiai aproksimuoti pelno mokesgio bazg. Mokestiniy
pajany modeliy sudarymui naudotasi teisine informacija apie mokestio
reglamentavima. Pateikti keli pelno mokestio bazés rodiklio modeliavimo
budai, atlikta jy tikslumo lyginamoji analizé ir atrinkti perspektyviausi.

Remiantis kity Saliy patirtimi  sudarytas valstybés finansy rodikliy
ekonometrinis modelis.
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Siame darbe atlikty tyrimy bei modeliavimo ir prognozavimo rezultatai
naudojami  Lietuvos Respublikos Vyriausybés kanceliarijos Ekonominés
analizés departamento darbe, skai¢iuojant pelno mokesgio pajamy prognozes.
Tesiant atliktus tyrimus, sudéting pelno mokes¢io modeliavimo ir
prognozavimo metodika planuojama taikyti (adaptuoti) kity mokestiy pajamy
modeliavimui ir prognozavimui.

Disertacijos struktiira. Disertacinj darba sudaro jvadas, keturi skyriai,
iSvados, literatiiros sarasas bei priedai. Disertacijos apimtis — 110 pudapiai.
Disertacija paraSyta lietuviy kalba.

Pirmame skyriuje apzvelgta Lietuvos valstybés finansy struktira,
mokesting sistema. Siame skyriuje taip pat apradytos valstybés finansy
modeliavimo metodikos, modeliy tipai, taikomi Lietuvoje ir uZsienyje
modeliuojant tiek atskirus mokestius, tiek ir bendrai vienoje sistemoje visas
vastybés finansy sudedamasias dalis. Pabaigoje aptartos apZvelgty metodiky
taikymo galimybés Lietuvoje.

Antrame skyriuje iSdéstyti pelno mokesio pajamy modeliavima
salygojantys veiksniai bel apraSyta pelno mokestio pajamy modeliavimo
metodikos esmé. Detaliai apraSytas pirmasis pelno mokestio pajamy
modeliavimo etapas: modelio aiskinantiyju rodikliy parinkimas, pelno
mokestio pajamy ekonometriniai modeliai, modeliy parametry vertinimo
metodai, modeliy parinkimo kriterijai. Pateikti jvertinti pelno mokestio pajamy
modeliai, kai naudojami trys skirtingi pelno mokestio bazés rodikliai bei ju
charakteristikos.

Tregiame skyriuje apradytas antrasis pelno mokestio pajamy modeliavimo
etapas, kai buvo sudaryti pelno rodikliy modeliai. Pagal parinktus pelno
rodikliy modelius ir antrame skyriuje pateiktus pelno mokestio pajamuy
modelius buvo suskaiéiuotos sudétiniy pelno mokestio pajamy algoritmy
tikslumo statistikos ir parinktas tiksiausias mokestio pajamy prognozavimo
sudétinis algoritmas.

Ketvirtame skyriuje pateiktos jvertintos originalios Lietuvos valstybés
sektoriaus finansy sudedamyju daliy paklaidy korekcijos lygtys.

BendrosiosiSvados
1. Pasilyta pelno mokestio pajamy sudétiné modeliavimo ir prognozavimo

metodika suteikia galimybe iSspresti Sio nestacionaraus, priklausancio nuo

jvairiy reglamentuojamy faktoriy kaitos, rodiklio modédiavimo ir
prognozavimo problemas.

2. Tiek pelno rodikliy, tiek ir pelno mokestio pajamy modeliy tikslumas
iSaugdavo, jei tiesinés regresijos modeliai buvo sudaromi ne pirminiams
rodikliams, o juy santykiams su sukurta pridétine verte (bendruoju vidaus
produktu).
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3. Nustatyta, kad geri pelno mokestio pgjamy ir pelno rodikliy modeliavimo
ir prognozavimo rezultatai gaunami ir tuo atveju, kai logaritmuoti rodikliai
aprasomi paklaidy korekcijos modeliu.

4. Parametry jvertinimui  labiausia  rekomenduotinas  apibendrintas
maZiausiyjy kvadraty metodas su tiesiSkal auganciais svoriais, tadiau vertas
démesio ir medianinis metodas.

5. Siekiant isryskinti eksporto poveiki, visa musy Salies ukj tikslinga skaidyti
i du sektorius (eksportuojanti ir orientuota i vidaus rinka).

6. Siuo metu pelno mokesio prognozavimui rekomenduotina naudoti (18),
(32) ir (33) lygtis mokestio baze parenkant nefinansiniy imoniy tkinés
veiklos pelna (tagiau ateityje, turint didesnes duomeny imtis ir patikslinus
modelius, S iSvada gali pasikeisti). Taikant § algoritma metiniy pajamy
prognozés paklaida turéty nevirdyti 6 %, nejskaitant bendrojo vidaus
produkto bei darbo uzmokesgio fondo prognozavimo paklaidy poveikio.
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