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Abstract. The aim of this article is to present a forecast of budget revenue fremprdfit
tax using econometric models. The set of applied models has to be daduegy simple
models due to short time series used. Therefore, the profit tax segnemalysis is made
in two stages. In the first stage, econometric modelling of profit tax tevevith the
main profit indicators (called the profit tax base) is performed on this bagformation
on profit tax regulation and its changes. In the second stage, algorithfoecasting
the profit tax base are formed when the main macroeconomic indicdthithoanian
economy are used as regressors. Crossvalidation was applied tatestimmaccuracy of
these algorithms.

Keywords: the linear regression model, the error correction model, profit taxtmve
profit.

1 Introduction

Accurate (exact) forecast of tax revenue is a very impottsk for state budget planning.
Both underestimation and overestimation of planed reveoudd cause problems when
the revenue is used to finance government functions. The amaitargest part of revenue
is tax revenues which are collected from certain taxes. k®@mphast four years revenue
from the profit tax was growing faster as compared with otherévenues. Therefore, its
importance has grown up too: last year the share of profitaegnue was 12 percent of
all tax revenues. The past few years planning of profit tagmee was not very exact: the
sum of the profit tax collected was considerably smaller ersaterably larger than the
planned profit tax revenue. The difference between the batdiplanned revenue was
about 12-56 percent every year.

There are several related factors which complicate profitagaenue modelling. It is
doubtful if the indicator of profit tax revenue is stationaffnie assumption of stationarity
of indicators is usually made when applying econometric ef®tb the indicators. This
problem is caused by a frequent change of the Profit tax laweNwrough analysis of
this problem is presented in the article by E.®daityte [1]. In addition, taxation order
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is defined in the acts of legislation, the basic tax elemestisrchine the relations between
indicators — they define a strict character of relationship.

The phenomenon of non-legal tax evasion and tax plannirag idha legal manipu-
lation of income, cost, allowances, and other elements dieroto lower the profit tax)
is typical of the Lithuanian economy. About 20 percent of #istimated and officially
announced shadow economy is the evidence of tax evasion.e $omections of the
profit tax law that could be called “patching of holes” as theams of legal tax lowering
are annulled could be related to the phenomenon of tax pignni

In [1], the problems of modelling of the profit tax revenueigador are suggested
to solve by dividing the modelling into two stages: estimoatof the dependence of
profit tax revenue regressions on the main profit indicatbexconomy and formation of
forecast algorithms of the profit tax base. The relationbkipveen the tax revenue and the
main macro indicators of economy is complicated therefsrapproximation by models
with only few parameters cannot ensure the required acg(cdi@ model and forecast).
However, the treatment of this relationship as a compasifdwo simpler functions and
separate estimation of each of them facilitates the saludfdhe problem and enables us
to apply fairly straightforward models. This is of great ionfance because transitional
processes were typical of the Lithuanian economy in the feastyears. Under these
conditions fairly short time series could be used for stiahs$ identification of models,
because the statistical data of prior years cannot reflectiirent economic structure.
In addition, official state statistics on quarterly profitlicators has been published only
since the beginning of 1998. Hence, the actual forecastafitjax revenue is based on
very small samples. The difficulties dealt with in this work sather characteristic of the
application of statistical methods in social and econom$zarches.

In the first part of the paper, the models of profit volume arafiprax indicator met
in other sources are reviewed in short. In the second patteopaper, specification of
profit tax revenue models and choice of alternative indisator approximation of the
true profit base are discussed. In the third and fourth pdrtiseopaper, the models of
Lithuanian profit indicators and regression functions affipitax revenue are presented
with accuracy estimations of the respective with certaredasting algorithms.

2 The experience of profit and profit tax revenue modelling

There are many special works describing researches on proéielling on the micro
level, i.e. on the individual company level. The profit is aiyidefined as the difference
between production output and production input which maés a single company.
Various forms of production functions which are nonlinedéhwespect to their arguments
are included into profit equations. The prices of output aridep of inputs, labour
force, wages, capital stock, and material investment aatyaed as the main factors that
influence the profit value. The company'’s profit maximizatiask is also determined by
other factors such as demand of production, export, pritesport, etc.

The profit of the national economy is the sum of profits of indiial companies;
therefore it could be evaluated both by modelling macroenua relations and by ana-
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lyzing those relations on the micro level. In the latter ¢éise activity model of the major
part of companies are necessary; however, statisticaladdbee individual company ac-
tivity indicators are not publicly supplied by official sigtics. Governmental institutions
(the State Tax Inspectorate, etc.) which have the dispositi the data base of individual
company indicators could possibly use the results of mievellresearch to evaluate the
profit of the whole economy; however it is hardly reasonaldeanse of large labour
expenditure. Besides, the instability of set of companiesdcause additional difficulty,
because every year a lot of new companies are establishest@mgdold ones terminate
their activity, or a company is reorganized into several panies, or it establishes a
daughter enterprise, or several companies are conjoinedne, etc.

Despite all problems, modelling on the micro level providelt of useful expe-
rience, which could be used for a specification of equatiamghe macro level: for
choosing regressors, type of equations as well as for dgfithia lag for influence of
factors. It is worth mentioning the work of S. Kumbhakar [@here profit functions are
derived under the assumption of technical inefficiency tarcatkive inefficiency, or both.
In that article economic indicators are modeled in loganithform. J. Bradley et al. [3]
emphasize possible nonlinear relations between profitmm$iment which was testified
by the research of the authors of this article.

In this work, we are interested in modelling of profit only omero level, i.e. on a
state economy scale. Unfortunately, there are not mamnyiestdedicated directly to this
topic. The equation of total sum of profit of New Zealand coniga [4] is constructed
corresponding to the same relations on the micro level

B=Pp - Yp+Pg -Yg—W- -E+ Py -M,

where B is profit, Pp are prices of domestic goodBy is the price of exportsPy is
the price of import of raw materialg;p is output of domestic good&/r — exports,M
denotes import of raw material8y is the wage rate, anfl denotes the private sector
employment.

In macro econometric models of some countries (BOF5 [5, &jiofand, HERMIN
HEA4 [3] of Estonia) profit is defined as the difference betwiengross domestic product
(GDP) of the country and compensation of employees, consampf the fixed capital,
taxes on production and imports less subsidies. As the pyistatistical analysis has
shown, the profit indicator defined in this way has a week ¢atio® with the profit tax
revenue in Lithuania; therefore it is not suitable for thie mf the profit tax base.

In the Lithuanian macro model LITMOD [7], profit is defined & tdifference of
income of production output and inputs (raw materials, v8agfeemployees, investment),
and the production output is described by nonlinear pradadunctions. The set of
equations of the macro model allows to define complex ralatlmetween profit and the
main macroeconomic indicators. The LITMOD profit indicatmuld be used as one of
the profit tax base approximations. Nevertheless, the pafihot be easily predicted by
means of equations of the model because prediction of ourtpoine and especially that
of inputs is problematic; there is a lack of data of some irgheinents.

In the works aimed at profit tax revenue modelling the reverilig) are usually
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described by linear functions:
T(t) = Bo+ P - R(t) - B(t) — A(t) + (1),

whereB(t) is profit, A(t) are allowancesR(¢) is the tax rate, and(t) is the error term
of the model.

In some articles, nonlinear relations are pointed out. B. d&n Noord [8] shows
the nonlinear dependence of the profit tax revenue on the wnatgeor employment.
S. Kennedy et al. [9] used logarithmic transformations gopt@ximated the Australian
profit tax revenue by means of error correction type of equati

AT*(t) = ap + a1 AR*(t) + aaAB*(t) + aglog T*(t — 1)
—+ OZ4B*(t — ].) —+ Oé5R*(t — 1) —+ aﬁDl(t — ].) + OL7D2(t — 1)

Here and in the sequek * (index with an asterisk) denotes the logarithm of indicator
A is the first-difference operatof); and D, are dummy variables reflecting changes in
Australian taxation (change-points).

Y. Hsing [10] assumes that there is nonlinear regressioemttdgnce of the tax rev-
enueT’'(t) on tax rateR(t)

T(t) = B1R(t) + Bor®(t) + £(t),

where the coefficienfy < 0 shows the influence of tax evasion, the higher the rate, the
more incentive is not to show the earned income (profit).

Possible nonlinear relations between the profit tax revamaethe factors influenc-
ing profit as well as lack of data motivate dividing of profit tevenue modelling into two
stages mentioned in the introduction of the article in otdeyet a more accurate forecast
using simple models. The Lithuanian profit tax revenue axipration using wide spread
straightforward models of the main macroeconomic indicaépplied by A. Budry and
E. MaCiulaityté [11] described the scattering of data fairly well, howether respective
forecasts were not accurate enough. This testifies thatarLithuanian case, more
profound research is necessary as the statistical datacareesand the economy was
in transition (privatization and integration into the Epean Union (EU), etc. were in
progress) during the reviewed period.

3 Peculiarities of model specification

As mentioned above, quarterly aggregated activity indisabf companies only from

1998 could be used for econometric analysis of Lithuaniatigbt profit tax revenue

which means that the time series of statistical data aJailate very short. On the other
hand, the revenue regression dependence on other macoogicandicators and various

tax rates is rather complicated; therefore the adequacgafametric models developed
is mainly determined by a priori specification: a set of agstimns made on the base of
the expert analysis of economic relations and the taxatistem.
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The main rules of profit tax regulation in Lithuania and thdEwelopment are exten-
sively described in the article by E. Mialaityte [1], so only the most important aspects
are mentioned in this work. During the considered perioacgsil 998), the profit tax rate
has been changed two times: at the beginning of 2000 the estdowered from 29 % to
24 %, and from January of 2002 the rate of 15 % was establighe:tha zero tax rate for
profit, used for investment, was cancelled at the same timzam fhe first view, profit tax
revenu€l (t) could be exactly approximated by the prodxt) R(¢)

T(t) = B(t) - R(t) + €(1),

whereB(t) is the profit before tax (PBT) of companies which worked padifiy during
the periodt, R(t) is the tax rate. In reality, there is a more complicated i@tship. Not
so small part of profit tax revenue consists of profit tax adeanpayments. For each
company they are set by the profit of the past years (the lastared the year before last)
or by the indicators of current year (dependent on the chaiagmmpany). In addition,
if a company had losses in the past few years, it can dedust flheses from the profit
(thus it reduces the profit tax base) when calculating thétgex for the last year. It is
allowed by the law to carry over the losses to the next year yfears forward. Therefore,
in the case the profit tax of a company, eg. 2005, depends oacthwty results during
the period of 2000-2005 of the company.

Due to these and other reasons mentioned above, the prifaistisal analysis
does not show that profitably working companies PBT is a mdfigrinative regressor of
revenu€l'(t) in comparison with all nonfinance enterprises PBT (the dbfiee between
profit of profitable companies and losses of profitless congsaior that of all companies
operating profit (loss). In the last part of this paper theereieT'(¢) regression depen-
dence on the tax rat(t) and so-called tax bag®(¢), which is approximated by each of
three profit indicators mentioned above, is modelled. Stheaultimate aim of this work
is the most accurate forecast Bft), the suitability of a certain profit indicator for the
profit tax base role depends not only on the accuracy of figgtession models

T(t)=f(B,R)+¢

but also on the quality of forecasting procedures consttuédr the chosen tax base
indicator B(t).

Modelling of dependency of all the three mentioned indicatm the main macroe-
conomic indicators is presented in the next part of this pafpecifying the pending
econometric models, it is essential to take in considanatianges in business conditions
(internal and external) during the period analyzed. Experdrk out two events with one
accord: the Russian crisis in September of 1998 and Litlamainiegration into EU. The
actual devaluation of the Russian rouble induced a negsligek to Lithuanian exports
in 1999 which also affected the whole production. The rdoessf economy affected
companies’ activity indicators with a lag, i.e., the “battbof profitability was reached
in 2000 consequently the appropriate “change-point” in tiedel should include the
period from the second half of 1999 to the first half of 200@s thuch more complicated
to comment the influence of EU expansion on the developmehbittlmfianian economy.
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Formally EU extended in May of 2004 although it is doubtfuthifs date should be the
appropriate change-point of the model since actually ttegiration of new members into
EU was rather a long-term process than an instantaneous émdrithuania it began in
1995 and gained more action around 2002.

Such a feature of the Lithuanian economy as a large extehaolicsv economy needs
to be pointed out. The Department of Statistics and Lithasariree Market Institute
estimated the extent of 20%. Thus, tax evasion is ratheadgreLithuania, therefore
the mentioned above Y. Hsing [10] assumption of nonliriEéar) dependence o (t)
is noteworthy. The statistical data also corroborate ttiig: ratio of profit tax revenue
and gross domestic product (GDP) in 2004—-2005 was much highae in 1997-1998
although the tax rate was almost two times lower and the engrwas growing almost
at the same rate during these two periods.

Even though the sales in the country and abroad increase patyra income their
impact on profit indicators differ. When selling goods andvesss in the country the
whole income is received at once, whereas a company thattexymmds receives returned
sums of the value added tax for purchased goods used fortepqumtuction from the
State Tax Inspectorate only after some time. On the othed,Hartake a good position
in foreign markets is much more difficult than in the local ker besides there are more
opportunities to expand production when trading abroacerdfore, at the beginning of
expansion, in order to penetrate into larger markets, camepausually keep dumping
prices and even export at a loss and putting aside plans lbéhprofitability into future,
when solid relations with the partners becomes settled. tDtigese mentioned reasons,
an increase of export volume in fact positively affects thefipwith a delay. We suggest
here to approximate the average profit reaction to a singlagdin export by the type of
functions presented in Fig. 1.

-~

S

T

Fig. 1. The function of the profit reaction to the export change.

In Fig. 1. s denotes the time passed from the moment of export increathe tourrent
moment,r denotes the time point when the crosscorrelation functfgrafit and export
changes reaches its maximum.

Because of a particular effect of export on profitabilitye tihecomposition of the
whole economy into two sub-sectors — the main exportingose¢manufacturing, trans-
port) are attributed to the first group and the rest ones -ete¢lsond one, — is noteworthy.
The profit of different sub-sectors is described by différandels and profit of the whole
economy consists of their sum.
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A complete specification of the model depends not only on tlesen type of model
and statistical data available but also on the parametienaitn method applied. Along
with the usual least squares estimation method, the medianaion method, which is
less sensitive to deviant observations (i.e. more robuss)applied in this work.

4 Modelling of the profit indicators

Since this work is aimed at predicting the profit tax revenomely those Lithuanian
economy profit indicators are modelled which have a stromgetation with dependent
variableT'(t). As mentioned in the previous section, there are three &oliexpectants
to approximate the profit tax base:

1) the profit of non-financial enterprises that worked prbféaduring the current period
(PBTY),

2) the difference between PBTof all profitable non-financial enterprises and others
losses (PBT),

3) the operating profit (loss) of all non-financial enterpsigOP).

In all the equations given below, the value of each of theetlimdicators at the moment
is denoted byB(¢) pointing out which of the indicators used in context is basic

4.1 Regressors

In the econometrical modelling of profit rather complicapedblem is selection of most
informative regressors. In nowadays economic the profitabif enterprise is influenced
by many internal and external factors the impact of whictatber often unstable in the
country with transitional economy such as Lithuania. Initdd, the lack of statistical
data (short time series) prevents from including a greatberrof factors into the model
equations, therefore only several main factors are coraidé/Nhen selecting the main
factors, it is essential to take into account both the diegiscriteria and the laws of
economic theory and conclusions of economic experts.

As the authors had predicted in advance, the preliminarysgtal analysis has
shown strong dependence of profit on GDP (it is denoted by the models), material
investment {) and wage fundX)). In some equations (models), the significant regressors
were export volumeX), productivity (\), and the bank credit average interest rafe (
Even though the flow of foreign direct investment which proessales and export growth
[12] undoubtedly has an indirect influence on the profit iathes, its direct impact on
the profitability of economy statistically was not signifita Similar conclusions have
been drawn when analysing the influence of the unemploynatet the price indexes
and import volume on the profit. The latter indicators havebeen included into the
profit models presented here mainly because of the smallsdatgle. In the future
having longer data time series, the set of regressors canléged. Since monthly profit
indicators are not (registered and) published, the qugiteticators are analyzed, i.e. the
unit of time is one quarter.
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When estimating the export impact on profit, the moving ave@gexport changes
has been used as the regressor in this work

2T

Xn=Y (1 - M)Axu — %), @)

-
s=0

wherer is the time point, where the cross-correlation functiéfii=cor (A B(t), A X(t—7))
reaches its maximum. The statistical analysis has showritteastrongest correlation is
after3 quarters, i.er = 3.

The equations for profit calculation on the micro-level shbat it is expedient to
use moving averages for modelling the impact of materiastment on profit. An enter-
prise operating profit is approximately calculated as aediifice between the enterprise
value added and compensation of employees (wages and sontabutions) as well as
depreciation of the accumulated capital. The latter carxpeessed as a weighted sum:

I(t) = I(s)q(s,1), @
s<t
where f(t) is the value of intangible assets purchased on the time geri@and the
multiplier ¢(s, t), shows the part of the previous value of assets left at the enbtn
Since a constant depreciation rate is used in business poofituntancy, the following
equation will be used

q(s,t) = ¢/, ®)

where the dimension af is determined on the base of expert opinion. The depreniatio
ratel — g shows how much the purchased assets depreciates on avecageyiear. Since
equipment depreciates faster than buildings (constmg}jdt is might be expedient to
divide the investment into two components: i) investmetd implements of production
(equipment and vehicles) and ii) other material investmé&srider the assumption that
only the first component of investment depreciates considgrthe whole investment
volumel(s) in equation 2 could be replaced by the first component meadaorrecting
thereby the value of.

4.2 Types of models

In this work, linear regression models and error correctimdels have been used. Let
Z(t) denote a vector of chosen regressors at the mom@itte simplest linear regression
model is of the following shape

B(t)=0"Z(t)+¢(t), t=1,...,n. (4)

)

Hered is the vector of model coefficients(t) is a stochastic error uncorrelated with
Z(t). Since during the resent years the economy of our countrpd®s growing fast, the
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variables of model (4) are not stationary. Therefore a mousification that describes
relations of relative economic indicators is noteworthy:

b(t) = 6T 2(t) + <(t), (5)

where the lower case letter denotes the ratio of the cormepg indicator and GDP,
b(t) = B(t)/Y(t). Here and in the sequel, coefficients denoted by the sanerdett
can obtain different values. Equation 5 can be expandeddimdy casual supplementary
factors and dummy variables for seasonality and structirahges (change-points).

In the resent years the vector error correction models haea levermore widely
used to describe the growing economy. They have also beemssfolly applied in
modelling the Lithuanian macroeconomy (see in [13]). Therarorrection model is used
when the time series analysed are nonstationary but thegoareegrated, i.e. their linear
function is stationary. Models of this type are usually &pko logarithmic indicators,
since the ratios of economic indicators could be charasdras more stable indicators.
However the profit indicator could be negative in a discriebetperiod (quarter). There-
fore by B* we denote here a transformation

Bt = {logB(t), as B(t) > 1,

0, as B(t) < 1,
B*(t) is said to be cointegrated with the stochadtit(t), if there exists a coefficient
vector3 such that

B*(t) = BT Z*(t) + u(t), (6)

whereu(t) is a stationary (in a wide sense) process.

Equation (6) describes long term relations®f and Z*. Variablew(t) is treated as
a measure of deviation from the long term equilibriudi(t) = T Z*(t). The error
correction model describing short term fluctuations is tmesed on the base of the
cointegration relation. The general form of the error cotioen model is

AB*(t) = au(t — 1) + A(L)AB*(t) + vTAZ*(t) + D(t) + &(t). 7

Here L denotes the lag operatof:* Z(t) = Z(t — k); A(z) is a polynomial: A(z) =
a1z + ...+ apz"; D(t) is a deterministic component, which includes determiaititne
trend, seasonal index, etc.; the vectpend5 and coefficientsy, a1, . . . a;, are unknown
parameters of the moded{t) denotes a stochastic error, which does not correlate with
other components on the right side of equation (7). In asldjti(¢) is usually assumed
as a white noise term. The componet{L)AB*(t) = EleajAB*(t — j)is an
autoregressive part of the model and the tefd Z* (¢) shows the impact of a change in
regressors.

The first component on the right side of equation (7) refleleésreaction of the
dependent variabl@&*(t) to the deviationu(t — 1) in order to return to the long-term
equilibrium. Therefore it is assumed that< 0. This condition can be explained even
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without using the equilibrium terminology. Let us dendte:) = (1—2)(1—A(2)) —«z.
Then, equation (7) yields the equality

®(L)B*(t) = —afTZ*(t — 1) +yTAZ*(t) + D(t) + (¢). (8)
Here we have got a model of conditional autoregression, evtier usual assumption
®(z) #0, when |z| <1. 9

assures the single set of parameter values. Skiég= 1 anda = —®(1) from equation
(9) we obtain the inequality < 0.

4.3 The statistical evaluation of parameters

In the applied research, where linear regression schersassad, the least squares pa-
rameter estimation method (LSM) is most common. To illustthis method, we present
the statistical estimation of model (4) parameter

b= argeming (B(t) — GTZ(t))2 - wy, (10)

wherew; are chosen weights. In a particular case whegr= 1 the classical estimation
of LSM is obtained. In econometrical theory it is recommahtie use weights in the
case, where residualt) is heteroskedastic, i.e. where its dispersion is not cahsta
Nevertheless there is a practical aspect of choice of thght®iv;. The applied models
are only an approximation of the reality. The relations lestwB and vectorZ of
regressors are evolving, i.e., in the real economy even éhanpeter®) = 6(¢). Since
the target of the model is to predict profit as accurate asigess is reasonable to seek
more accurate approximation in the near past while the ®imofurther past are not that
important. According to this logic the weight function isppwsed to be growing even if
residuals(t) of the model is homoskedastic.

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

= argmlnz |B AL )’ (112)

The median estimations are more robust than statisticspaf (¢0). This is important
in the Lithuanian case because our economy experiencaetystsdgernal impulses in the
analysed period (Russian crisis, integration into EU,)etelowever, the lack of data
prevent from the usage of outlier elimination methods. Bhenigh the median estimates
are less sensitive (i.e. robust) to data outliers in conspanwith the LSM estimates, there
arise a problem of calculating these estimates in pradieeguse the statistical programs
for regression analysis usually have standard procedurlsfor the weighted LSM
estimation. One way to avoid special programming of the aredistimation procedure
is a recursive calculation of the estimate using the wedjht&M procedure

ok —argmmZ‘B — 0T Z(t )| w®(t), (12)
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wherew®) = |B(t) — 7= Z(¢)|~! are weights used in theth step. The recursive
procedure starts from choosing the weightd) (¢) = 1. In [14, 15], it is proved that the
sequence of statistigq k) converges to the median estimate rather fast in the classica
linear regression case.

In practice, if there are not many data, the aim is to construch simpler models.
Therefore, determination of significance level of facta@sdmes of the main importance.
Determination of critical significance levep-alue) of the corresponding coefficient
when verifying hypothesis of zero value of the coefficienuged mostly. Statistical
programs calculate thg-value using the Student statistic based on the assumption o
Gaussian distribution of white noise residual. Howevergiality this assumption is not
usually valid. Therefore the crossvalidation method istiatthlly used in this work. The
model mean error estimates denotedjtgre obtained by this method. Two models are
compared when judging on the significance of a certain fagtothe first model, the
factor is included into the regression vector and not in #ead one. If in the latter case,
the residual estimaté& is not greater than that of the first model, then a conclusion o
factor insignificance is drawn.

A special crossvalidation procedure called hemne leave oubr jack-knifehas been
used to calculate the average residual estimaiéthe model. Let us discuss the case
of model (5) for illustration. Le@\(f) denote the estimate of parametieobtained after
eliminating the observation from the sample the time momeiffhe statistid is defined
by the equality

6= Z ’(5(7’)’0(7’), (13)

whered(r) = B(71) — §T(T)Z(T), ¢(7) are selected weights which sum is equal to

4.4 Results of the modelling

Several models of profit indicators which could be used fofipprediction are presented
below. Since the Lithuanian economy is still in transitiomdalisposable series of ob-
servations are short, it is not reasonable to limit this satrtly one model. When the
number of observation increases, it will be possible toseWioth the model parameters
and the estimates of average residuals. In this work thistitat, and errors of profit pre-
diction for 2005, obtained by the crossvalidation methcsin@ the parameter estimates
calculated by the observations until the end of 2004), haentused to characterise the
accuracy of models. The values of these characteristiceafracy, calculated for the
models analyzed bellow are presented in the table at thefahd eection.

On the basis of the abovementioned approximate formula efadimg profit calcu-
lation on the micro level, first of all the regression equatias been identified

B(t) = 91Y(t) — 02F(t) — 93](t) + E(t). (14)

All the three regressors were significant and the estimdtparameters met the a prior
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assumption
0; >0, i=1,3. (15)

As expected, the ADF test of the unit root showed nonstatinef errors. The
model had very bad accuracy statistics. The additionakssgrX (¢) reflecting export
influence poorly improved the modelling accuracy. In oreehnighlight export influence
on profit, a several economy sectors such as manufacturohiramsport were excluded
and grouped into one sector. We call this group of sectorptth@uction of which makes
the major part of country export the first sector and the grofupther sectors is called
the second secto; (t) denotes the profit of theth sector. We also use this notation to
denote other indicators. Thus, the economy profit is

B(t) = By(t) + Bs(t).

As shown by the analysis made, the profit forecast calculatédthe aid of this decom-
position is rather accurate. However, good results weraiodd when indicator$ ()
and By (t) were modelled in different ways. The profit indicatBs (¢t) was rather well
described by the regression

Bi(t) = 61Y1(t) — 02 Fy(t) — 031 (t — 3) + 04X (t — 3) + (¢) (16)

while in the case of the second sector this model gave pooitse3 he forecast accuracy
of both the first sector profit and the whole economy profit leentincreased (improved)
when we moved to the ratio indicators

b(t) = 01 — Oaf(t) — Osi(t) + £(t). 17)

Here as above, the ratio between the indicator and GDP iseltbg the lower case letter.
Equation (17) was expanded by including the bank creditegeemterest rate(t) and a
dummy variable

d(t)_ 13 aSt1§t§t27
"0, inother cases.

Here the time momert; is the beginning of 1999 and is the end of 2000. The impact
of the Russian crisis on Lithuanian economy was higheshduhiese years. So the form
of the expanded model is

Good results have also been obtained using equations ofy{i8for the mentioned
sectors separately. In the case of the first sector, theiadaliregressof(t) (it is defined

in the similar way as?(t) in equation (1) only replacing the absolute export diffeeen
indicator by the relative onA X (¢)/X (t)) was included

bi(t) = 01 + O2f1(t) + 051 (t — 3) + Oada(t) + O53(t) + &(2), (19)
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where the dummy variable

d(t)* 1, ast >ts,
700, in other cases.

Herets denotes the beginning of 2004 when the foreign trade camditthanged. The
credit rate variable (t) and seasonal dummy variables included into equation (183 we
not significant.

Applying the cointegration analysis, the error correcguation

AB*(t) = a[B*(t—1)+fo+ /1Y *(t—3)+ GoI*(t—4)] +01 AY*(t —3) +£(t) (20)

acquired not so bad accuracy properties. Here and hereafi@tegration relation is
indicated in the square brackets.

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

AB3(t) = a[B3(t— 1)+ o+ Bi1Y5 (t = 3) + fal3 (t— 2)] + LAY (1) +e(t) (21)

can be used for prediction of variabls .

The profit equations selected for profit prediction are presebelow with parameter
estimates under which their significance leyelMélue), calculated in the standard way
based on the Student statistics, are given in the brackbésappropriate profit prediction
errorsé, & are presented in Table 1. The statisticis defined by equation (13) with
weightsc(7) = 1/12if 7 is for the quarter from the period of 2003—-2005¢6r) = 0 in
other cases. The statisti€sis appointed to estimate prediction errors not of the quigrte
but yearly profit indicator. It is defined by equality

— 1

o = g(l5(J1)|+\5(J2)|+|5(J3)I),
whered(J) = > ., d(7). HereJy, Js, J5 stands for one of the respective years 2003,
2004 and 20054205 denotes the percentage errors of profit forecast for 200&le¢ed

by the models that were estimated using data until 2004. fitisticss, 5, are also given
in Table 1 as a percentages of the corresponding Sim&(7)c(7) and>_>_, B(J;).

Table 1. Accuracy characteristics of the profit models

=%

Eg. No.  Profittax base dagos 6 6

22) oP 26 78 59
(23) PBT 27 54 36
(24) PBT" 22 54 36

(25), (26) oP 09 63 15
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4.5 Estimated models

b(t) = — 0.177 + 0.928 - f(t) — 0.624 - 3(t) — 8.304 - 1072 - r(t — 4)
(<0.001) (<0.001) (<0.001)
£0.004 - F(t) — 0.029 - dy () + (1)
(0.002) (0.005)

(22)

Here the profit indicator is OP, ant) is calculated using the indicator of the material
investment into equipment and vehicles. The model parasiate estimated using the
median method with alternating weight$"*) (¢) defined for this method.

b(t) = — 0.139 + 1.150 - f(t) — 0.659 - i(t) — 9.684 - 1073 - r(t — 4)
(<0.001) (0.002) (<0.001)

+0.071 - Z(t) — 0.042 - d1 (¢t) + £(¢).
(0.085) (0.007)

(23)

Here the profit indicator is PBT, andt) is calculated using the indicator of the mate-
rial investment into equipment and vehicles. The model iBreged using LS method

(w(t) = 1).

AB*(t) = — 0.869[B*(t — 1) + 10.900 — 1.840 - Y*(t — 3) — 0.639 - I*(t — 4)]
(<0.001) (<0.001) (0.090)
—0.942 - AY*(t — 3) + &(t).
(0.001)

(24)

Here the profit indicator is PBT and I(t) is calculated using only a part of material
investment, i.e. the material investment into equipmert eehicles. The model is
estimated using LS method(t) = 1).

by (t) = — 0.120 + 2.302 - f1(£) — 0.591 - i1 (¢ — 3)
(0.004) (<0.001)

—0.042 - Z(t) 4 0.013 - dy(t) + £(t).
(0.041) (0.003)

(25)

Here the profit indicator is OP of the first sector. The modekigmated using LS method
(w(t) = 1).

AB3(t)=—0.608[ B3 (t—1)+ 23.198 —2.148 - Y5 (t—3) —1.263 - I* (t—2)]

(<0.001)  (<0.001) (0.009) (0.015) (26)
+0.586 - AYy () +e(t).
(0.078)

Here the profit indicator is OP of the second sector & is calculated using the
indicator of the material investment into equipment andalel. The model is estimated
using LS method(t) = 1).
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5 Regression models of the profit tax revenue

As stated in Section 2, approximation of the profit tax reeefil{¢t) by the product
B(t)R(t), whereB(t) denotes the tax base af{¢) — the tax rate, is too rough (general
and inaccurate) because of advanced payments of the pxofit ¢ésterprises and transfer
of the losses incurred in the previous years to the curreart Yéevertheless, it is doubtless
that the mentioned product is a significant regressor foxv#nableT'(t). However, it is
not clear a priori which of the profit indicators suits for ttade of profit tax base best:
the operating profit (OP) of nonfinance enterprises, thalfifdnefore tax (PBT), or PBT
of the enterprises which worked profitably during the periodrhe statistical analysis
made by the authors has shown that use of the latter indiaatitre tax base yields lower
accuracy of regression in comparison with the other twociidirs. Thereford3(t) will
denote PBT or OP of nonfinance enterprises in the sequel.rdicgpto the regulations of
advanced payments of the profit tax, we will define anotheomgmt regressor denoted
by By(t). There is a due date defined by the law until which enterpaseobliged to
submit their financial account of the last year to the STI. Lg{) denote the last year of
the previous years when the financial account was supposedsgbmitted until the time
momentt. The value of advanced payment attributed to the enterptifiee quartet is
defined by its earned profit in the ye#(t). Therefore the variabl®(¢) is defined by
the equality

Bo(t) =~ Y B(t). (27)

TEJ(t)

A certain seasonality typical to the reverili¢) has been exposed since 2003 when
the new amendments of the profit tax law concerning due détibe dax payment came
into force. Therefore, there are two significant dummy \Hea in the cointegration
equation of logarithmic indicators

T*(t) = Bo + L1 B*(t) + B2Bj(t) + B3 Ds(t) + BaDa(t) + u(t). (28)

Here D;(t) is equal tol if ¢ corresponds to théth quarter of the year starting from
2003, and it is equal to 0, in other casés; 3, 4; 3; denote coefficients after estimating
of which by the LS method, the ADF test showed the statiopaffiresidualsu(t). The
regressoiR* (t) was not significant statistically. In the error correctiquation presented
below the significance levep{value) of coefficients is written under the each of them in
the brackets as in Section 3

T*(t)=—0.729[T*(t—1)—0.667 - B*(t—1)—1.849 - D5(t)—0.809 - D4(t)]

(<0.001) (<0.001) (<0.001) (0.002) (29)
+0.477 - AB*(t—1)+0.761 - ABS(t—1)+¢(t).
(0.017) (0.025)

The parameters of model (29) were estimated by the weigbtest squares method
with linearly growing weightsw(t) = 1 — £, ¢+ = 1,...,n. The average errof is

n’
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defined similarly as in Section 3 was 8.0 % for the quarteraslof revenue and 7.2 %
for the yearly values of revenue (in the period of 2003—2005§ error of profit forecast

for 2005 obtained by the crossvalidation method was 6.4 %audtht to be stated that
the accuracy of this model is not high and the main reasortli®ra large number of

statistically estimated parameters in view of the shoreolation series. However, in the
future a significant improvement of the accuracy could beeetgrl in case we have more
observation data and revise the coefficients of equationg@8ordingly.

At the present-day situation, when forecasting revenudéteer results have been
obtained using the linear regression model for nonlogauithindicators. In order to get
stationary errors, the indicators of ratio between the take profit and GDP have been
analysed. After elimination of insignificant indicatorsetfollowing equation has been
obtained

T(t) B(t) By(t) L(t - 3)
— =6.308- ——= - R(t 3.789 - -R(t) — 2937 ——= -
V() v FOF vy 0 vi—3 W
(<0.001) (0.022) (0.004) (30)
+0.017 - D3(t) + 0.013 - Dy(t) + £(2).
(<0.001) (<0.001)

Here L(t) denotes the losses of profitless enterprises during thederi The model
coefficients have been estimated in the same way as that afieq29). Analysing the
accuracy of the tax revenue prediction by model (30), thiiohg results have been
obtained:6 = 5.1% for the quarterly forecast, = 6.0 % for the yearly forecast, and
the error of forecast for 2005 wast %. For both (29) and (30) models, the prediction
accuracy worsened if the median method was used to estinmafatameters. As men-
tioned above, the latter method is useful when outliers a@egnted in data. However,
when analysing the time series of the ratio indicafgt)/B(t), outliers have not been
observed.

In what follows, we estimate what prediction errors for thefip tax revenue are
obtained when the values of profit indicators used in equg#6) and (30) are not known
but are predicted using models described in the Section 3eslimate the accuracy,
the same characteristics are used as in Table 1, where tludé selected equations is
considered as a compound modeltf). The compound prediction results are presented
in Table 2.

Table 2. Accuracy characteristics of compound prediction

=%

Eqg. No. Profit tax base da00s 06 0
29) (22) oP 67 80 72
(30) (23) oP 60 51 6.0
(29) (24) (26) oP 51 79 68
(30) (25) (26) oP 37 66 58

After reviewing the presented results, it could be stated e most recommended
procedure for profit tax revenue prediction at present ihetuequations (25), (26) and
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(30); moreover it is reasonable to use the OP of nonfinanarpiges as the tax base.
Using this algorithm the yearly prediction error should egteeds % disregarding the
influence of the errors of GDP and fund of wages forecast. Mewthe effect might be
not so significant since Ministry of Finances predicts thather precisely.
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