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PREDICTING GOVERNMENT TAX REVENUES AND ANALYZING
FORECAST UNCERTAINTY

ADI BRENDER AND GUY NAVON’

Abstract

This study examines the sources of uncertaintyrédipting government tax
revenues in Israel. In the first stage, we estimateodel based on several real
and financial macroeconomic variables and iderdifgignificant, stable and
highly accurate relation between these variablestar receipts. Moreover,
we find that, given these variables, current tareneies do not improve the
projection of revenues. In the second stage, wethiesguality of the model's
projections on the basis of available informatidgntte time the budget is
prepared; we find that the forecast error baseslxigimes greater than the
error based on ex-post projection. These resulpdyirthat the forecast error
predominantly reflects inaccuracy in the predictioh the explanatory
variables and not misidentification of the relaiommong the variables. In
particular, we find that GDP projections tend to deerly pessimistic—
especially when they are prepared at times of ba&esvage growth. In the
third stage, we ask whether limited versions ofrtielel predict tax revenues
better; we find that the removal of the financiatiables and the indicator for
new-dwelling sales does improve the projection. elesv, models that are
even more limited—based only on lagged tax reverares a GDP growth
forecast—provide less-accurate projections, andptbbability that they will
lead to significant errors in the construction lné budget is greater than that
of the broader models.

1. INTRODUCTION

The tax-revenue forecast is an essential compookrghort- and medium-term fiscal

policy. In a regime of deficit targets, below-foast revenues may increase the deficit,
undermine public confidence in fiscal policy, awdce the government to revise its budget
in mid-year in order to attain its deficit target-situation in which it cannot always choose
the most efficient adjustments. Projection thansuout to be too low may also cause
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damage, by ruling out activities of public valuecausing some of the public to suspect the
government of manipulating the projection in ordieravoid various expenditures or tax
cuts. Hence, accurate revenue projections provigitant benefits. Projections, however,
are always uncertain to some extent, due to incet@pihformation about the relations
between revenue levels and the variables usedontuping the projection, and also due to
incomplete information about the values of thes#atées. Therefore, it is also important to
understand and quantify the inherent risks of tteegption. Estimating the probability of
errors of various magnitudes in the foretasay help the government to make informed
decisions about the risks that it is willing to eéak regard to the budget at a given time in
accordance with circumstances. For example, whetinguolicy measures that entail
considerable budget expenditure in coming yearsgiming an estimate of the probability
that revenues in these years will be significafdlyer than the present forecast may allow
the government to decide whether such risks arepaable or whether the expenditure
should be postponed. By presenting the risks witénframework of the public discourse,
too, the government may enhance its credibility—asdesponsibility—if the risks come
to pass.

Until recent years, the projections that the ISriBhistry of Finance presented to the
public with the budget were based on simplistic eledhat assumed unit elasticity of
government tax revenues with respect to nominal GidRusted for the effect of legislative
changes in tax rates. In some years the projectitsusincluded estimates for the effect of
efforts to “intensify tax collection”Mlain Provisions of the Budget, 1992—-2000). In recent
years, the analysis frame has changed somewtlasoitincludes reference to the effect of
changes in imports and wages (mainly on the cortipnsif tax revenues and less on total
revenues). However, the projection is still basesinty on the proposition that revenues
will increase at a rate resembling that of GDP féxsactual revenues, the budget forecasts
have occasionally been “off” by rather large amsuntrecent years—in both directions;
the annual reports of the State Revenue Administrgdrovide ex-post explanations for the
deviations.

In the present study, we test an econometric miodehe prediction of tax revenues. A
model of this type has an advantage over curreattipe in that it better reflects the
economic relations that influence the behavioraof tevenues. It also, however, has the
drawback of being at least partly dependent oniptieds of the values of the explanatory
variables. Thus, we examine two kinds of errors—eamor of the model and an error in
predicting the explanatory variables—and ask whitkthem is the greater. On this basis,
we then ask whether broader models have an adwameagy the aforementioned simple
model even when the prediction error in the explanyavariables is taken into account.
The analysis in this article, like the State Rewerdministration’sex post analyses,
focuses on the effects of macroeconomic variabteshe revenue forecast and does not
concern itself with predicting the effects of ldgisze changes and administrative measures
(see discussion below).

An example of a broad model of the type we exanminéhe total government tax
revenue function estimated by Brender (2001). Tumstion is based on a reduced form of

! For example, a 25 percent likelihood that reverwiide NIS 2 billion below the projection.
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empirical relations between real and financial rmaconomic variables and revenues,
without identification of structural relatioisThe model estimated manages to track the
factors that affect revenues with great accuraegneat points of time at which the GDP
growth rate and the revenue trend changed consigerand its coefficients are stable
across the period (Bank of Israginual Report, 2005). According to that model, the rate of
change in tax revenues in the long term is onlyhdlly higher than that of GDP, while in
the short term it may be much larger, especiallyiraes of change in the growth rate.
Therefore, relying on the long-term relation of eaues with GDP for short-term
projections may lead to considerable errors. Tinidifig supports the use of broad models
because such errors acquire immense importance olitymaking: Israel’'s budget
framework and binding targets are mainly short-term, annual, for the current year to
which the revenue projection relates. Long-termyaes usually serve only as background
material for the budget deliberations.

Although Brender's modedescribes the development of tax revenues well, the
guestion is whether it is an effective instrumemt theprediction of these revenues. The
reason is that the revenue projection (net of latiie changes) includes two types of
errors: (1) a forecast error by the model itselfif2omplete information and error in
predicting the explanatory variables of the modgince these variables are usually
unknown at the time the forecast is prepared, eemaccurate profile of the forecast risks
may be obtained if one takes the uncertainty ofr thalues and their covariance into
account. Inex post analyses of revenues—such as that in Brender j200 second
component is of limited importance; it is, howewam,important component in a projection
(as the aforementioned article does note).

In the past decade, the macroeconomic and finatitdshture has placed growing
emphasis on the uncertainty in forecasts (Diebd®95, Diebold and Lopez, 1996;
Clements, 1998, 1999; Granger and Pesaran, 20@@@b? Whereas in the past the
application of models focused mainly on point esties of the predicted variables, the
frame of reference has expanded in recent yeairschode analysis of the distribution of
expected values of the dependent variable andniirerént risk of the forecast. The best
known example of this use is the Bank of Englaritiia chart", which presents the forecast
generated by the bank’s inflation model not onlyeinms of point estimate but also in terms
of the distribution of the error probabilities difet forecast in various orders of magnitude
(Wallis, 2003, 2004; Clements, 2004; Cogley et2003). The presentation is made in this
fashion due to the realization that it is importemtinderstand the risks to which the user of
the forecast is exposed, since the “price” of diwmiss of various magnitudes and in various
directions is not necessarily symmetrical (Levirakt 2005; Ashley et al., 2005). This rule
also applies to the tax-revenue projection. At snef global economic shocks, for
example, the government may believe that a 20 peprebability of a 0.5 percent of GDP
shortfall in tax revenues relative to the projectieflects too great a risk and will prefer to
take revenue-boosting measures, whereas at timeoabmic calm it may consider such a
risk reasonable. In another example, if large d@mrna may be much costlier than small
errors, policymakers will prefer to reduce the m@oitity of such errors even if the budget

2 For the sake of brevity, below we term the funedi@estimated in this manner a “model.”
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targets are consistent with the point estimatethofgh Celasun et al. (2006) carried out
initial studies on estimating the fan of fiscal jeions, this field is still in its infancy and
has not yet been applied in Israel. Fan-like tdage also been used to analyze financial
risks in the business sector (Diebold, 1998; Beikgw2001).

The present study has three parts: (1) estimafitimectax model in order to identify the
factors that affect the development of governmemt tevenue in the short term;
(2) analysis of the relative contributions of thedal coefficients and of uncertainty in
predicting the explanatory variables to the quaditythe model's forecasts; (3) analysis of
forecast quality provided by different versionstioé model, by means of various tests that
appear in the recent literature (KLIC tests). Wetkis in order to examine the tradeoff
between the added explanatory power attained byowipy the model and the loss of
accuracy resulting from uncertainty in predictinge tadditional explanatory variables
(Berkowitz, 2001; Wallis, 2004; Mitchell and Hal2005; Sarno and Valente, 2004).
Section B presents the real and financial macra@oonvariables that will be tested in the
model and Section C shows the results of the e§imaf the model and indicators of its
success in explaining the relation between taxmege and the explanatory variables, and
stability of the model. Section D presents the lakdé information about the explanatory
variables at the time the forecast is preparedti@e& tests the quality of the forecast
given this information and proposes alternative et®dhat take account of the uncertainty
about the values of the explanatory variables.i@edt calculates the uncertainty of the
projection elicited by the model and Section G ¢odes and suggests future directions of
research.

2. VARIABLES AFFECTING TAX REVENUES
a. The dependent variable

Tax revenues depend on several macroeconomic aadcfal variables, some concurrent
and others lagged. As our point of departure, thdehbases itself on variables that reflect
the main tax bases: GDP, imports, the housing marked financial-sector activity
(Brender, 2001). The main tax bases and the tagnueas directly related to them are
shown in Table 1. The exact specification of thedete-particularly the lags chosen—
reflects the results of empirical estimation andni a choice based on a structural
analytical model. For this reason, the coefficienfssome variables may reflect the
correlation between them and other tax bases andmy the direct effect on revenues of
changes in the tax base that the variable ostgnspresents. In the discussion below, we
describe the variables chosen for the model anthiexthe rationale for choosing them. We
also mention several variables that were omittenfithe final version because their
contribution to the model was not significant.

The dependent variable in all equationsesitral government tax revenue net of the
effect of legislative changesReasonably good quarterly data on government teentees
have been available in Israel since the early 198y allow us to estimate a quarterly
revenue model including income-tax receipts (netedfinds), real-estate taxes, net Value
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Added Tax, import taxes, indirect taxes on domgsticiuction, fees, and other compulsory
payments. Social insurance contributions were omitted frdme estimate because they
affect on the central government budget deficit—affiécial target of fiscal policy—less
than the other taxésand the national health insurance tax was omlismhuse it was not
collected until 1995 and it is not recorded in buglget. All financial data in this study are
in constant prices.

Table 1
Tax Bases and Corresponding Receipts: 2006 (NIS millions)
Tax base Tax revenue
GDP 633,057 178,910
Total wage bill in the economy 309,759 43,900
Imports of consumption goods 26,211 18923
Sales of new dwellings 20,995 4,885
Credit in and indexed to foreign currency 108,851 04F
Israeli Stock Issues abrdad 65 —

! Sales tax on imports, customs, and imputationAT \6n imports of consumption goods.
2 Excluding VAT but including real-estate purchaae on existing dwellings.

% Assuming 7.5 percent average interest and a 2epeaverage tax rate.

42004-2006 average.

Since this study focuses on the direct relatiorwbeh macroeconomic variables and
revenue$, we subtract from the revenue data the effect gilative changes each year in
accordance with estimates presented in the StateriRe Administration’s reports in the
year following the change. Legislative changes twatle excluded from the measurement
of tax data because several significant tax-relateghsures were taken during the
estimation period. They included the gradual longrof tariffs and purchase-tax rates on
imported goods as part of the trade liberalizatitwe, gradual lowering of corporate tax
rates between 1991 and 1996, income-tax refornee €004, and VAT reductions in 2005
and 2006. Estimating the effect of legislative desion revenues is important in itself, but
most year-on-year changes in revenues reflect ffleeteof macroeconomic developments
on the tax base and not that of legislative chanBesveen 1993 and 2006, the effect of
legislative changes added up to 1.4 percent of teteenues on annual average (year on

3 The revenues used in this study are based onlamiliection and not on assessments presented to
taxpayers, as is conventional in empirical studiaspublic economics in the literature. Insofar ks t
difference between the two metrics correlates whith explanatory variables, this may create a bias.
However, apart from the isolated case of shiftaeg riefunds for several days in 2004, there is ndesxe
of such a systematic relation in refunds or inemiibn and enforcement efforts.

4 In some areas of National Insurance (social imsep activity, government transfers the National
Insurance Institute are a function of collectioonfrthe public. Therefore, when the collection ofiblaal
Insurance contributions increases, so does cegaxa@rnment expenditure and, in turn, the budgetidef

® All variables were calculated in nominal values deflated by the Consumer Price Index.

® As Brender (2001) shows, legislative changes acecpclical. However, this matter is beyond the
scope of this article.
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year in absolute values) whereas the change imuveveet of the effect of legislative
changes was 9.7 percént.

Given Brender’s (2001) finding that estimating sepaequations for the different types
of taxes would make only a minor contribution t@ thxplanation of total revenue, this
study focuses only on the total revenue equatiod aot on separate equations for
individual taxes. We did attempt to estimate sejgaeguations, but again they did little to
improve the total explanatory power and yieldeds lstable coefficients. Furthermore,
specific-tax equations necessitate more data ferpitojection, most of which are not
available at the time the projection is preparhdrefore, they expand the range of potential
errors in the projection.

b. Real variables

Gross Domestic ProductThe main tax base, which reflects overall econcewiivity and

the added value generated in it. The effect of GRot necessarily concurrent because
some tax payments are made on account of laggedtyacFor this reason, GDP is
included with a lag of one-quartéThe use of GDP does more to explain revenue than
business-sector output. The variable of private samption did not enhance the
explanatory power of the equations.

Change in GDP (growth):decelerations and accelerations of growth haveoa-term
effect on tax revenues beyond the effect of thellef GDP. This is because some tax
remittances by firms and the self-employed are dase advance payments, the level of
which is adjusted at a lag to their volume of dtivand on the payment of differentials
that are affected by their level of earnings. Bagei themselves vary in a way that is
disproportional to changes in growth. Furthermatetimes of faster growth, imports of
intermediates and capital goods sometimes increletaying the increase in net collection
of Value Added Tax. As a result, revenue increatisproportionately at times activity
accelerates and decreases disproportionately wtimityadecelerates.

Real wage per employee postsince wage taxes are progressive and because the
marginal tax rate on labor income is higher thandfiective tax rate on capital income, the
distribution of added value between wages and &lapés a perceptible effect on total tax
revenues. To isolate the marginal contributionhef wage variable—which correlates with
GDP—we included in the equations the deviation af@s from the level we would predict

" The effect of legislative changes was netted ouhé following way: (a) the data on the effectiué
legislative changes on tax revenues were culled ftee annual report of the State Revenue Admiristra
(b) the change in revenues was divided by totalréwenues in the relevant year in order to obth t
percent change in tax revenues as a result ofetjisldtive changes; (c) the revenue data for suleseq
years were adjusted by the same percent to ofisetffect of the legislation. The change in taxeraies
was recorded in the year when the legislative chaaffected collection and not in the year of the
legislation (State Revenue Administration, 2006)e Daseline year for the estimation of tax revamteof
legislative changes is 1998.

® The GDP data and all other data used in the esitimare the most recent data publicly availabléhat
present writing, and not the initial estimates itdd by the Central Bureau of Statistics. Thede dee
based on the full set of information gathered bySGRer the years for these periods of time.
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for it on the basis of its long-term relation wifDP? This tax-equation specification does
not change the equation’s coefficient of explamatib affects only the coefficients of the
wage and GDP variables; thus the wage coefficiefieats only the contribution of the
change in wage that is beyond the relation betwessge and GDP. The alternative variable
of total wage payments in the economy (the prodfitche number of employees and the
wage per employee post) has less explanatory pomgdently because changes in
employment are mainly reflections of the entry ariiing of workers in low tax bracket8.
Changes in the average real wage, in contrastctefvage developments among all
workers, whose average marginal tax rate is highee. wage variable included in the tax-
revenue equation is unlagged because wage taxesusraly paid through direct
withholding by employers.

Imports of consumption goods:imported consumption goods are not part of GDP;
they are an additional tax base that is taxed pecally high rates (Table 1). The taxes
applied to this base (including VAT) are imposedewlthe goods enter the country; since
this is also when the imports are recorded in theeifn-trade data, this variable is
contemporaneous in the equation. It is calculatedhe basis of its domestic-currency
value in constant prices. Since this variablersrgly correlated with GDP, we included in
the tax equation its deviation from its long-ter@fation with GDP and not its level, as with
the wage variable. Given the large changes indghkedtes on consumption-goods imports
since the end of 2000, we examine whether the teffleenports on tax revenues changed
from 2001 onward. To answer this question, thenesion includes, apart from the
deviation of imports from the long-term relatiom, iateraction variable (a slope dummy) of
deviation of imports with a binary variable thateeses the value of zero for 1991-2000
and the value of 1 for 2001 and subsequent years.

Sales of new dwellingsresidential construction is recorded in GDP oruaent basis
in accordance with progress in construction, whilech of the tax on account of dwelling
purchase is paid after the purchase—with no redation performed with the recording of
the construction in GDP. Therefore, our equatiatiudes new-dwelling sale transactions
as an additional explanatory variable. The attertgtinclude total housing sales
transactions (including existing homes and ownelt-thomes) or the sales of existing
dwellings in lieu of, or in addition to, this vable (respectively) did not enhance the
explanatory power of the equation. Three factoidently explain why sales transactions
for existing dwellings did not contribute signifitdy to the explanatory power: the
guantitative importance of VAT payments, which gpphly to new-dwelling sales; the
exemption from land-revaluation tax that appliedrtost existing-home sales transactions
throughout the research period, and the strongledion between sales of dwellings of the
two types. Given the lapse of time between the aatbthe payment of taxes, the variable
was included at a three-quarter lag. (In the défféials equation, it is included at a two-
quarter lag.)

® This variable was estimated as the residual dErmgle-Granger cointegration regression of wages on
GDP; the GDP variable included in this estimati®tagged by exactly the lag included in the taxatign.

19 Evidence for this appears in Brender and Strawskiy{2006), who find that the probability of entegi
and leaving employment is much greater among padg-tvorkers, most of whom are below the tax
threshold or in low tax brackets.
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c. Financial variables

In addition to real activity, taxes are imposed forancial income. Furthermore, some
developments in the field of finance affect, orretate with, corporate profitability and real
activity. For this reason, we also examined thati@h between several financial variables
and government tax revenues. In addition, we askesther one can identify an effect of
legislative changes that broadened the taxatidntefest earnings and capital gains of the
public at large from 2004 on, but we were unableetect such a relatidh.This may be
due to the small share of this item in total taxeraue when it was first implemented: less
than 1 percent of total revenue in 2004 and 1.8querin 2005. Furthermore, much of the
increase in revenue on this account reflected thelunl broadening of the tax base in
accordance with the original legislation and nairdes in the earnings themselVes.

Mergers and sale of shares abroad by parties of iatest (defined henceforth as
those holding at least 5% of the company's sharesjnerger transactions with foreign
firms and issues of shares by parties of intembsbad are an indicator of Israelis’ capital
gains in transactions with nonresidents. The tability for these transactions is not
immediate; indeed, we found that the strongestritariton of this variable to explaining
tax revenues appears at a lag of two or three epgarta finding consistent with the
procedure for actual payments of tax on accountheke transactions. This variable
evidently also reflects the effects of domesticitedynarket activity on revenues, since its
inclusion in the equation excludes from it the agin prices of the shares on the Tel Aviv
Stock Exchange. Furthermore, it does more to exptavenues than the alternative
variable: issue of Israeli shares abroad.

Bank credit in or indexed to foreign currency: the amount of credit denominated in
or indexed to foreign currency, taken by the bussngector, increased perceptibly during
the 1990s and until 2003 and began to decline Istée005. Interest payments on this
credit, as on any other credit, are a deductibpeerge for borrowers whereas most income
on this interest is not taxable in Israel becabsesburces for the loans come from abroad
(even if the loans are administered by Israeli saris is often the case); therefore, one
would expect this variable to have an adverse efiadax revenues. Banks’ income from
interest on lending in domestic currency, in costirariginates in domestic sources (the
public or the Bank of Israel) and entails a muclaléen reserve ratio than that for the issue
of foreign-currency loans. (The contribution of thietal credit in domestic currency” and
“domestic-currency interest” variables to the exrplion of revenues was not significant.)
The foreign-currency credit variable was includedadag that reflects the time interval
between the increase in interest expenses (e.g.,talwurrency depreciation) and the
reckoning vis-a-vis the income-tax authorities theaites place in order to make these
expenses deductible.

! Capital-market professional dealers and holdesigsfificant shares in traded corporations werigldia
to withholding at source on their income before£2a6 well.

12 Financial assets that were created/acquired béferlaw was applied were exempt from tax untatfir
payback.
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Change in the TA General Share Index:capital gains, including parties of interest
realized capital gains from the sale of shares,nateincluded in GDP but are liable to
income tax. Since 2004, capital-gains tax has begplied to the public at large. To
estimate these gains and the extent of their gadiz, we used the average real change in
the General TA Share Index (in points) in the cgrarAlthough we used various profiles of
this variable in our efforts to estimate the equati in most specifications it was significant
and in others the coefficient and the significamese not robust to changes in the equation
specification.

d. Characteristics of the variables' time series
The averages and standard deviations of the vadabre shown in Table 2. An

examination of the degree of cointegration of theéables shows that tax revenu&DP,
wage,imports ofconsumptiongoods,and foreign-currencycredit are typified by anl(1)

Table 2
Descriptive Statistics of Variables in the Model
Average S.D.

Log tax revenues less legislative changes 10.32 90.1
Log GDP 11.56 0.17
Deviation of log wage from its long-term relatioithwGDP 0.0 0.03
Deviation of log imports from its long-term relatiovith GDP 0.0 0.08
Deviation of log imports from relation with GDP rfsie 2001) 0.0 0.04
Mergers and sales of shares abroad 150.5 296.6
Log credit in and indexed to foreign currency 11.14 0.62
Change in log GDP (growth) 0.01 0.02
Log new-dwelling sales 9.04 0.24

stochastic process (Table 3). Tdteangein GDP, the deviation of imports and wages from
their relation with GDP, new-dwelling sales, andrgees and sales of shares abroad by
parties of interest, in contrast, are typified yi@) process. In estimating the model, these
characteristics of the series should be takenaotmunt. The finding that GDP is typified
by an I(1) stochastic process, with no trend, fiedint from the outcome that one would
expect according to Hayashi’'s analysis (HayashQO2(pp. 557—-622), i.e., a stationary
variable with a trend. However, similar findings reefound in previous works on the
Israeli economy (Yakhin and Menashe, 2001; Lavi &trdwczynski, 2001). In Appendix 1
we test the possibility that the Israeli GDP sergestationary with a trend both in annual
data for 1973 to 2007 and in quarterly data froraQL® 2010, but we find no support for it
(Appendix A, Tables A-1 and A-2¥.

13 Since the series for Israel are rather short,cameot totally dismiss the possibility that GDRnigact
stationary with a trend. For this reason, we alsmitto add a time trend to the model that appeaizble
6. The time-trend variable was not significant (B&) and had no qualitative effect on the other
coefficients.
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Table 3
Degree of Cointegration of Variables in Total Tax-Rvenue Equation’

ADF test for change in
ADF test for level 1(0)  variable (first difference)

Tax revenues -1.986 -7.199*
GDP -1.850 -5.258*
Change in GDP (growth) -5.258* -9.797*
Real wage per employee post -0.924 -6.322*
Imports of consumption goods -2.071 -7.508*
New-dwelling sales -6.047* -7.991*
Mergers and sales of shares abroad -4.078* -6.635*
Credit in and indexed to foreign currency -2.653 273 **
Deviation of imports from its relation with GDP e36* -8.204*
Deviation of wages from its relation with GDP -4984 -8.178*

* All the variables, except "mergers and sales'irategs.
2 Estimated with intercept and two lags.
* Significant at 1% level.. ** Significant at 5%vel.

Apart from the characteristics of the time serié¢he variables, the estimation should
take account of seasonality in tax collection, itasy from the payment of some taxes on
regular dates, e.g., bimonthly VAT reports. Since$ are not distributed equally among
dates of payment, revenue size in even-numberedhsias different from that in odd-
numbered months. To reflect this and other seassffedts, we include quarterly dummy
variables.

3. RESULTS

To test the relation of the macroeconomic variabMéth tax revenues, we estimate a
cointegration model using the Engel-Granger meti®87). The long-term equation tests
the relation of quarterly tax revenues with GDP I¢ig), with quarterly dummy variables
added, in 1991-2006 (Table 4). The equation shitmasih the long term (insofar as the
estimation period may be considered such), taxmaeelasticity to GDP, net of legislative
changes, is 1.08 (different from 1 at 5 the percgghificance level—t-statistic 2.26),
similar to the elasticity found by similar studiesdeveloped countries (Van Den Noord,
2000). The residuals of this equation are statyprsard the statistic of the Augmented
Dickey-Fuller (ADF) test for the residuals of tleng-term equation is (—4.19)—significant
at a 1 percent level.

The short-term equation (the first-differences eiqu asks whether thehangesin tax
revenues correlate witichangesin GDP and in the aforementioned macroeconomic
variables (Table 5). This equation also includesrdsiduals of the long-term equation at a
one-quarter lag. In other words, we ask whetheenutevenues deviate from the expected
outcome given the relation with GDP, revenues cogeeto the expected level in
subsequent quarters (error correction).
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Table 4
“Long-Term” Equation for Estimation of Total Tax Re ceipts Net of Effect of
Legislative Change$

Intercept -2.220
(-5.25)

Log GDP 1.082
(29.80)*

Dummy for £' Quarter 0.076
(4.78)*

Dummy for 3% Quarter 0.037
(3.07)

Adjusted R-squared 0.951
Durbin-Watson stat 0.74
F-statistic 386.25
ADF statistic of residuals —4.19*

! The estimation is for the Q1:1991-Q4:2006 period.
The numbers in parentheses are t-statistics.
" Statistical significance at 1% level.

Table 5
Change in Tax Revenue Equation

First Differences equatidn

Coefficient t statistic
Intercept -0.506 (-3.30)*
Log GDP at one-quarter lag 1.051 (5.24)*
Change in log GDP in past 3 quarters 0.477 (3.76)*
Log wage deviation from its relation with GDP 0.505 (3.46)*
log consumption-goods imports deviation from its
relation with GDP 0.250 (6.17)*
Log foreign-currency credit (4-qtr. Lag) -0.179 (-2.75)*
Log new-dwelling sales (2-qtr. Lag) 0.051 (3.02)*
Mergers and sales of shares abroad (2-gtr. Lag) 280.0 (3.02)*
Mergers and sales of shares abroad (3-gtr. Lag) 240.0 (3.17)*
Dummy for £' Quarter 0.128 (11.67)*
Dummy for 3% Quarter 0.054 (4.56)
Residual of long-term equation (1-qtr. Lag) -0.344 (-5.01)*
Adjusted R-squared 0.89
Durbin-Watson stat 2.35
F-statistic 45.13
ADF statistic of residuals -9.33*

! The estimation is for Q2:1991-Q4:2006. All vareblare calculated in terms of change relative &vipus
period. The numbers in parentheses are t statistics
" Significance at 1% level.
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The equation shows that a cointegration relatidwéen taxes and GDP does exist: the
residuals of the “long-term” equation have a sigaifit and negative effect on the change
in revenues? In other words, when revenues exceed the level dbaresponds to their
relation with GDP, the pace of their increase ihsaquent periods slows. The short-term
adjustment coefficient is —0.344, i.e., about twdlthe deviation is corrected within two
quarters and 80 percent is corrected within a y@é&e. also find thatthangesin tax
revenues are positively correlated witiangesin GDP, the change in GDP appearing at a
one-quarter lag and the elasticity slightly abowe.cAdditionally, changes in the growth
rate make an additional contribution to the explimmeof the change in revenues, with a 0.4
elasticity. Furthermore, changes in the deviatiohsvages and imports from their long-
term relation with GDP, new-dwelling sales, and gees and sales of Israeli shares abroad
by parties of interest have a positive effect areneies. Changes in foreign-currency credit
have a negative effect on revenues, as expected.

An alternative way to estimate the relations isulsing a single equation that includes
variables that reflect the long-term relation ofx taevenues with macroeconomic
developments along with the variables that reftdetnges in short-term revenues. Such an
equationappearsin Table 6'° Estimatingthis equation,we found that the residualsare

Table 6
Total Tax Revenues Net of Effect of Legislative Chrges Equatiort
Coefficient t-statistic

Intercept -4.168 -5.84*
Lagged log GDP 1.276 15.54*
Lagged log GDP * dummy variable for after-2000 (15:10] -3.10*
Change in growth rate (2-gtr. Lag) 0.342 2.92*
Deviation of log wage from relation with GDP 0.526 4.53*
Deviation of log consumption-goods imports from

relation with GDP 0.477 9.70*
Deviation of log consumption-goods imports from

relation with GDP * dummy variable for after-2000 -0.184 -2.73*
Mergers and sales of shares abroad (2-gtr. Lag) 170.0 2.03*
Log foreign-currency credit (1-qtr. Lag) -0.041 -2.05**
Dummy for 2% Quarter -0.019 -2.08*
Dummy for 4" Quarter -0.067 -8.14*
Log new-dwelling sales (3-gtr. Lag) 0.024 1.43
Adjusted R-squared 0.99

S.E. of regression 0.02

Durbin-Watson stat 1.97

F-statistic 355.76

ADF statistic of residuals -7.74

! Total tax revenues net of the effect of legisitihanges, according to Tax Division data in 200gep.
* Significant at 1% level. ** Significant at 5%vel

4 As stated above, in the ADF test we found thatéisédues are 1(0).
! The R of the equation should not be treated with mugbdirtance because the dependent variable and
several explanatory variables exhibit an 1(1) séstic process, as stated.
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indeed stationary, as required; that tax-revenastielty to GDP is greater than one; and
that changes in the growth rate have a positivgnifstant, and strong effect on tax
revenues. Thus, a 1 percentage-point increaseeimgrbwth rate boosts revenues by one-
third of a percentage point. This factor explaims substantially greater-than-unit elasticity
observed at times of change in GDP growth andatsfihe reversion to the “normal” level
of revenues when growth rates level off.

The development of wages correlates positively washrevenues, as expected. When
the national average wage rises by more thanlatige with GDP explains, revenues rise
with an additional 0.5 elasticity. Similarly, archease in imports of consumption goods at
a rate exceeding its long-term relation with GDPdied revenues with 0.5 elasticity until
2001. After 2001, this elasticity decreased by Iyedd percent—to 0.3, in tandem with the
decrease in import-tax rates. New-dwelling salegeha favorable, but small, effect on
revenues and at a level of significance that is nottust to changes in the equation's
specification. Parties of interest sales of shambmad affect revenues positively and
foreign-currency credit affects revenues negativAding the dependent variable at a lag
did not improve the explanatory power of the edquetiand did not exclude any of the
explanatory variables.

The quality of the forecast obtained in a resohutthat is relevant for decision-
making—one year—is shown in Figure 1, which compde four-quarter moving average
of the tax-revenue projection elicited by the etratvith actual revenues. The paths prove
to be very similar, including at major turning p@inn the past fifteen years. Even if
perceptible differences between the model projaciiod actual revenues sometimes occur
at the quarterly level, they are quickly offset.

Figure 1
Tax-Revenue Projection and Actual Revenues, 1991-0%)
(Four-quarter moving average)
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An alternative way to examine the success andligyabf the model in describing the
relation of tax revenues with the explanatory Malda is by testing the accuracy of the
forecasts that the model yields. Table 7 presdém9tojections for 2000-2006 as derived
each year from the model that was estimated toetid of the previous year. In the
equations for each year, we inserted the actualegabf the explanatory variables in the
forecast year. The table shows that the forecast @ras very small: the absolute error did
not exceed NIS 1.4 billion (1 percent of revenues2D04) and the average absolute
deviation was NIS 738 million (0.5 percent of rewes or 0.15 percent of GDP). These
findings also show that there is little to gainnfraeducing the revenue projection to its
components—individual taxes—because this kind @fegion does not add much to the
explanatory power.

4. USING THE MODEL TO PREDICT TAX REVENUES

The model presented above, as stated, describeeltitons between macroeconomic
variables and tax revenues well. By so doing, #atly narrows one of the elements of
uncertainty in predicting tax revenues: model erdccurate forecasting, however, also
relies on correct values for the explanatory vdeisab Since these variables are not
necessarily known as the forecast is being prepdnedquality of the projection obtained
should be tested on the basis of the values afroeconomic variables as are known, or
predicted, when the forecast is prepared.

As the first stage of this process, we need toilprdiie available data at the time the
revenue forecast is constructed and test the guidlihese variables against the actual data.

Table 7
Tax-Model Accuracy on the Basis of Actual Values oExplanatory Variables*
PI!\gj()e(::(:iL)n reA\féLrﬁles Absolute deviation
(NIS billions, (Pct. of
Year (NIS billions, 2000 prices) 2000 prices) revenues)
2000 146.5 147.5 1.0 0.7
2001 148.9 148.5 0.4 0.3
2002 138.9 139.0 0.1 0.1
2003 133.2 134.3 1.1 0.8
2004 146.4 145.0 1.4 1.0
2005 155.3 155.9 0.6 0.4
2006 167.3 167.8 0.5 0.3
2000-2006 avg. 0.7 0.5

! The model projection for each year was calculatethe basis of the model's coefficients as estithap to the
end of the previous year.
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a. Profiling the available data when the projectioris being formulated

To test the forecasting quality of the tax modeltlom basis of data that are known before
the tax year, we used retroactive estimates optedicted variables for 1991-2006. For
some variables, official forecasts were publishdgenvthe state budget was prepared; we
used these forecasts for these variables. Forttige variables, we applied the rules that are
used to produce the projection in practice.

GDP growth rate: the growth forecasts that we used were those apgem the
National Budget. TheNational Budget, co-published by the Bank of Israel and the Mmyist
of Finance every October until 2001, included ggmion for the coming year. From 1992
on, it also included a two-year forecast. In sorases, the forecast comprised several
scenarios; this happened in the early 1990s duantertainty about the extent of
immigration. In these cases, we adopted the saetiaai theNational Budget defined as
the reasonable one or the one based on the Baskael's growth projection. In 2002 and
subsequent years, after tNational Budget was discontinued, the projections were based
solely on the Bank of Israel’s growth projectiSrSince the growth forecast is expressed in
annual terms, we assumed that the GDP growth rasecenstant during the year.

Average wage per employee post and imports of consption goods:these variables
are included in the model as deviations from tHeirg-term relation with GDP. The
deviations were calculated as residuals deriveh fEmgle-Granger cointegration equations
between each of these variables and GDP at a aaréeqlag. In accordance with the error-
correction coefficients that were found in thesatrens, the assumption in the forecast is
that half of the wage deviation and all of the impadeviation would be corrected in the
following year.

Mergers and equity issues to parties of interest abad: this variable displays strong
irregularity and has no official estimates. Thig projection was calculated on the basis of
actual data for the previous year divided equathpag the quarters. To illustrate this, there
were $93 million in mergers and issues in the fogptarter of 2005 after no mergers and
issues whatsoever in the previous three quartepsséfjuently, the mergers-and-issues
projection for 2006 was $23.5 million in each qaeart

Credit in or indexed to foreign currency: the projection for growth in foreign-
currency credit was based on the spread betwedBathie of Israel interest rate and the Fed
rate, using the formulg, * [1+ (Ar, — 003 *10], whereg is the expected GDP growth
rate andAr is the spread, in percentage points, betweenfthetige Bank of Israel rate
and the Fed rate. The baseline value for the cationl of change was the most recent
known value when the forecast was being prepared.

New-dwelling sales:the projection was formulated on the assumptiort gales
increase in tandem with the pace of population ¢noat a two-year lag and the predicted
rate of increase iper-capita GDP for that year.

'8 The difficulty in predicting GDP was especiallynspicuous in 2003 and 2004, when no point forecast
for the growth rate was presented; instead, twoaies were offered (in each of the years). Togretfthe
calculation, we used the average of the projectieash year; this choice, however, obviously
underestimates the uncertainty that the policynsafered when they drew up the budget.
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b. Quality of the explanatory variables' projectiors

To determine whether the predicted variables aliable—i.e., whether they predict the
actual values well—we calculated the forecastimpreof the explanatory variables as a
percentage of the values that actually turned ®at.do this, we used estimates of the
predictive variables for 1991-2006 as calculatedSection D1. Table 8 presents the
averages and standard deviations of the predictpthratory variables and the actual
values. The two last columns in the table showaherage absolute error in the sample
period (1991-2006) and its rate as a percent ofitkeage actual value of the variable. One
may suppose that variables that exhibit large stahdleviations are more difficult to
predict. Indeed, values with relatively small vade, such as log GDP, appeared more
conducive to accurate prediction during the sangddod. In contrast, the variable of
mergers and issues to parties of interest abroadeshvery wide variance (it is presented
in its original values and not in logs) becausehdugnsactions are not continuous.

Table 8
Accuracy of Predicted Explanatory Variables, 1991-@06(NIS millions, in 2000 Prices)

Average absolute

Projection Actual values error
Predicted variable Avg. S.D. Avg. sS.D. Avg. sS.D.
Real GDP 109,604 18,873 109,221 18,668 2,743 2.5
Wage 6,151 512 6,226 479 192 3.1
Imports 1,298 353 1,376 338 106 7.7
Mergers and issues 143 142 143 289 183 128.1
Foreign-currency credit 83,812 42,430 84,115 39,963 5,351 6.4
New-dwelling sales 8,685 2,115 8,565 1,641 1,958 229

The table shows that the average absolute erroth®f GDP projection was the
smallest—2.5 percent. Thus, on average, each y&R growth rate was different from
the budget forecast by 2.5 percentage points. iStdsneaningful error from the standpoint
of policymaking; furthermore, the forecast seemstffer from a systematic bias related to
the growth rate in the year when it was formula{@gpendix B). The prediction of
mergers and issues to parties of interest abroadnaw-dwelling sales suffered from
especially large biases due to the irregularitthefdata, which makes forecasting difficult.

The error in predicting wages was of a similar niagie to that of predicting GDP,
whereas the error in predicting imports of consuomtioods was more than twice as large.
Furthermore, relatively large deviations were obsérin the error-correction estimates of
these variables (i.e., correction of the deviatfomm the relation of the variables with
GDP). These deviations had two origins: the efficerrors in the GDP projection—the
correlation coefficient of the forecasting errofssages with the forecasting errors of GDP
was 0.4 in the sample period and that of imports @45 (Appendix C)—and difficulty in
predicting the exact relation of GDP with thesealales.
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5. ACCURACY OF THE MODEL'S PROJECTION AND TESTINGFALTERNATIVE
MODELS

In Table 9, we present the forecast that the mgeeérated on the basis of estimates of the
explanatory variables at the time the forecast wapared as opposed to their actual
values. The average absolute deviation of the tev@nojection in 2001-2006 was NIS 4.5
billion—six times greater than the estimate basedaual data. This indicates that most of
the forecasts' errors trace to difficulty in preilig the values of the explanatory variables
and not in identification of the relation betweér variables and revenues.

The quality of the point projection obtained frohettax model, as reflected in the
distribution of the expected tax-revenue valuegpedes, as stated, both on the quality of
the model itself and on the quality of the predietbf the explanatory variables and their
covariance. Consequently, the model that provides testex post explanation of tax
revenues is not necessarily the one that gendfadsest projections in terms of the scatter
of the expected values, given the need to predéwalues of the explanatory variables. In
choosing the model that will generate the bestcfase we must admit that there is no
single “true” model to which we can compare thejgetions. In other words, when we
wish to choose a projection model, we need to niiérthe information loss that originates
in the difference between the available model &edunknown “true” model. To do this in
our study, we used Akaike’s information criteriob9{3) as phrased by Burnham and
Anderson (2002) (hereinafter: AIC):

1)  AIC=-2+2k

Wherek is the number of parameters estimated in the madelding the intercept,
and| is the log likelihood of the model, given the bistal data. Schwarz (1978) proposed
an alternative criterion (hereinafter: SC) for thsting of model quality:

2) X =-21 +k-log(n)

Both criteria are based on twice the estimatedifiked and a component of loss. SC
assigns greater weight than AIC to the insertioadifitional explanatory variables.

Table 9
Accuracy of the Tax Model on the Basis of Predictefalues (2000 prices)
Actual revenues Model forecast Absolute dewviatio

Year (NIS billions, 2000 prices) (Pct. of revenues
2001 148.5 155.9 7.4 5.0
2002 139.0 148.7 9.6 6.9
2003 134.3 136.8 25 1.9
2004 145.0 143.8 1.2 0.8
2005 155.9 154.1 1.8 1.1
2006 167.8 163.6 4.2 25
Avg. 4.5 3.0

! The model forecast for each year was calculatetherbasis of the model's coefficients as estimatetb the
end of the previous year.
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To test the quality of the model on the basis ofuac data, we first estimated
cointegration including an intercept and log GDPeaplanatory variables and took this
model as a test case with which alternative modelsld be compared. In subsequent
stages, alternative models including additionall@xgtory variables were estimated. Table
10 shows that according to both criteria, the adldibf variables enhances explanatory
power. The AIC criterion indicates that the besidelds Model (4), which corresponds to
the model estimated in Table 5 above. AccordintéoSC criterion, however, Model (3) is
better because the SC criterion “penalizes” addimglanatory variables that do not
contribute enough to the model's explanatory povgar.implication, mergers and issues
abroad, new-dwelling sales, and the cost of foreigmency credit do not contribute
enough to the explanation of revenues to justigirtimclusion in the forecast according to

the SC criterion.

Table 10
Quality of the Model on the Basis of Actual Data
Model
1 2 3 4
Intercept -1.77* -2.11* -2.99* -4.17*
(-.490) (-.450) (-.310) (.714)
Log GDP (1-qtr. Lag) 1.05* 1.07* 1.15* 1.27*
(-.040) (-.040) (-.030) (.082)
Log GDP (1-gtr. Lag) * dummy variable -0.004* -0.00*
for after-2000 (.000) (.001)
Change in log GDP (2-qgtr. Lag) 1.18* 0.26 0.34*
(-.300) (-.160) (.117)
Deviation of log wage from its relation 0.51* 0.53*
with GDP (-.130) (.116)
Deviation of log imports from its relation 0.54* 0.48*
with GDP (-.050) (.049)
Log imports deviation from its relation -0.17 -0.18*
with GDP * dummy variable for after-2000 (-.090) (.068)
Dummy for 2¢ quarter -0.01 -0.01**
(-.010) (.009)
Dummy for 4" quarter -0.06* -0.06*
(-.010) (.008)
Mergers and sales of shares abroad 0.02**
(2-qtr. Lag) (.008)
Log foreign-currency credit (1-qtr. Lag) -0.04**
(.020)
Log new-dwelling sales (3-gtr. Lag) 0.02
(.017)
Adjusted R-squared 0.91 0.93 0.99 0.99
Log likelihood 89 96 149 153
Akaike info criterion -2.71 -2.91 -4.37 -4.39
Schwarz criterion -2.64 -2.81 -4.07 -3.99

* Explained variable: total tax revenue net of effeclegislative changes, in 2000 prices. Standndations are

shown in parentheses. Model (4) is the same aslioatn in Table 5.
* Significant at 1% level. ** Significant at 5%Vel.
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In Table 11, we test the quality of the model eated on the basis of data predicted at
the time the forecast is prepared. Since the piextliexplanatory variables are based on
annual estimates interpolated with quarterly déte,model estimated on the basis of the
predicted variables includes a component of firsteo moving average (MA) in order to
deal with structural errors in the forecasting nmddane find that the model preferred
underSCin Table 10 is the best modelaccordingto both criteria (Equation 2).This is

Table 11
Choice of Model on the Basis of Estimation Using Rdicted Datd
Model
1 2 3 4 5 6
Intercept -3.77* -3.12* -3.03* -3.83* -3.33* -3.35
(-.870) (-.800) (-820)  (-1.520) (-.790) (-1.550)
Log GDP 1.23* 1.17* 1.18* 1.25* 1.19* 1.23*
(-.080) (-.070) (-.070) (-.170) (-.070) (-.170)
Log GDP * dummy -0.01* 0.00** 0.00** 0.00** -0.01* -0.01*
variable for after-2000 (.000) (.000) (.000) (.000) (.000) (.000)
Deviation of log wage from -0.36** -0.4** -0.37** -0.35** -0.39**
its relation with GDP (-.160) (-.170) (-.170) (-.170) (-.170)
Deviation of log imports 0.10 0.12 0.09 0.11 0.12
from its relation with GDP (-.070) (-.070) (-.070) (-.070) (-.080)
Dummy for 2 quarter -0.08* -0.06* -0.05*  -0.06* -0.06* -0.05*
(-.010) (-.020) (-.020) (-.020) (-.020) (-.020)
Dummy for 3% quarter -0.05** -0.04* -0.03 -0.04* -0.04* -0
(-.020) (-.020) (-.020) (-.020) (-.020) (-.020)
Dummy for 4" quarter -0.09* -0.08* -0.08* -0.09* -0.08* -0.08*
(-.010) (-.020) (-.020) (-.020) (-.020) (-.020)
Mergers and sales of shares 0.00 0.00
abroad (.000) (.000)
Log foreign currency credit -0.02 -0.01
(-.040) (-.040)
Log new-dwelling sales -0.03 -0.03
(-.030) (-.030)
Moving average of lagged  0.42* 0.36* 0.39* 0.33** 0.32** 0.34**
residues of qgtr. (-.120) (-.130) (-.130) (-.140) (-.140) (-.140)
Adjusted R-squared 0.95 0.96 0.96 0.96 0.96 0.96
Log likelihood 109 115 115 115 115 116
Akaike info criterion -3.2 -3.36 -3.34 -3.33 -3.35 -3.3
Schwarz criterion -2.96 -3.05 -3.00 -2.99 -3.01 -2.89

! Explained variable: total tax revenue net of effeclegislative changes, in 2000 prices. Standiandations are

shown in parentheses.
* Significant at 1% level.

** Significant at 5%vel.

' In Appendix D we examine—and rule out—the posiijbthat the model best suited to dealing with

these errors is the ARMA structure.
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because the three variables that were found to makeminor contributions to the model
under SC are also the hardest to predict (Tabl&f&refore, the combination of the scanty
contribution to explaining tax revenues and théialifty in prediction excludes them from
the most effective model for prediction. A comparisfor 1992—2006 of the predictive
quality of the equation chosen as against the ptigdiquality of the model shown in Table
6—on the basis of the predicted explanatory vagisblshows that the forecast error of the
model chosen is smaller: the average absolute titavim these years was NIS 3 billion as
against NIS 4.5 billion in the broader model. Hoeg\since the coefficients of this model
are less stable, in a “rolling” estimate (Table ) accuracy of its projections is not much
different from that of the broader model, for whitte results of the estimation are shown
in Table 9.

Table 12
Accuracy of Model Chosen on the Basis of Predictédalues of the Explanatory
Variablesl

Actual revenues Model forecast Absolute deviatio
Year (NIS billions, 2000 prices) (Pct. of revenues
2001 148.5 153.7 5.2 35
2002 139.0 147.2 8.2 5.9
2003 134.3 139.2 49 3.6
2004 145.0 141.7 3.3 2.2
2005 155.9 155.7 0.2 0.2
2006 167.8 164.6 3.3 1.9
Avg. 4.2 2.9

! The model's projection for each year was calcdlatethe basis of the model coefficients as estithap to the
end of the previous year.

Due to the difficulty in predicting the explanatorgriables, we tested for the possibility
of obtaining a similar level of accuracy by usimgysler forecasting models. To do this, we
examined the accuracy of projections obtained ftbnee conventional alternatives for
projecting tax revenues: (1) econometric estimatibtax revenues in the next period on
the basis of revenues in the current period, tbevtir rate, and the use of a moving average
to solve the problem of serial correlation; (2) athed that presupposes unit elasticity of
tax revenue, meaning that revenues increase iretandth GDP; (3) a method assuming
that the short-term elasticity of revenue to GDRhis same as the long-term elasticity
(1.08); this is shown in Table 4. Comparison of tdberevenue projection for 2000-2006,
as derived from both methods, with that of the mai®sen in Table 11 shows that the
projection generated by the chosen model is mudtertb¢han that produced by the
alternative models (Table 13): the average absaletéation of the alternative projections
is NIS 5.4 billion in the sample period—4 percelitaztual revenues—as against 2.4
percent in the chosen model. Using a “rolling” mstiion of the model for 2001-2006, we
found that it, too, points to the chosen modelugesor (Table 14).
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Table 13
Quality of 1991-2006 Tax-Revenue Forecast according Different M Accuracy of
Model Chosen on the Basis of Predicted Values ofd@lExplanatory Variableslodels

Average error Absolute error
Model Avg. Pct. Avg. Pct.
Model chosen on the basis of predicted
data (Model 2 in Table 9) -76 0.0 3,099 2.4
Lagged taxes and growth 4,611 3.4 5,291 4.0
Long-term elasticity (1.08) -1,088 -0.9 5,352 4.1
Unit elasticity -1,425 -1.1 5,439 4.1
Table 14
Absolute Deviation of Various Models (Percent of actual revenues)
Limited model Lagged taxes and Long-term Unit elasticity
Year with predicted data growth elasticity (1.08)
2001 35 2.6 3.6 3.3
2002 5.9 47 9.0 8.9
2003 3.6 7.3 3.8 3.8
2004 2.2 5.2 5.8 5.9
2005 0.2 2.6 3.2 35
2006 1.9 1.8 21 24
Avg. error 2.9 4.1 4.6 4.6
In NIS billions 4.2 5.8 6.6 6.7

6. IMPLICIT UNCERTAINTY OF THE PROJECTION

Invoking the Bank of Israel’s “inflation fan” mettdology and the Bank of England’s fan
chart, we calculated the density function of therevenue estimator on the basis of the
model presented above. Having found that the tadeingields a very accurate description
of the factors that affect tax revenue—when thelamngtory variables are known—we
calculated the uncertainty on the assumption thatetmpirical model is reliable and that
the only source of error is in predicting the valoé the explanatory variables.

There are two ways to derive the predicted variaridbe explanatory variables and the
predicted distribution of tax revenues. One of theses a matrix of variances and
covariances of the predicted variables relativeh® explanatory variables—subjective
judgment—as done by the Bank of England (Brittoraket 2006). In this method, the
researcher establishes the values of some of tiaengters at h/her discretion. Since the tax
model uses annual forecasts for the explanatorahlas and renders them into quarterly
projections by linear transformation, this methoil wlso lead by necessity to smaller
variance of the predicted values. The second mettiedone chosen in this study, is to
derive the parameters by means of historical dathfarecasting errors, thereby avoiding
subjective judgment.
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Unlike the inflation fan chart, since most of thegicted variables are based on annual
estimates that are transformed into quarterly datd, since the forecast does not include
lags of the dependent variable, the uncertaintyaiesnconstant across the year and does
not rise from quarter to quarter.

Testing the quality of the projections of the vhlés included in the model that best
describes the factors that affect tax revenuesléT@)y showed that most of the uncertainty
originates in difficulty in predicting three explaiory variables: mergers and stock issues to
parties of interest abroad, credit in, or index@ddreign currency, and new-dwelling sales.
Testing the covariance of the variables, we alsd fihat the covariance between the
mergers-and-issues variable and the other explanatoiables in the model contributes to
the uncertainty. In contrast, the contribution dd5to errors in the projection is small,
despite the large weight of GDP in explaining taxemues. For this reason, we tested the
probabilities of error in three alternative modeds:simplistic model based on lagged
revenues and the predicted growth rate, the corepedte model shown in Table 6, and
the model chosen in Table 11 (which excludes theethiariables that are hard to predict).

To estimate the probability of tax revenues fallimighin a certain range, one needs to
establish a forecast and make assumptions aboudigtrébution of tax revenues and the
extent to which the projection is symmetrically tdisuted. When the distribution is
symmetric, its mean and mode are the same. Wheskiewed, its mean and mode are not
the same and the projection reflects the modehitndase, the distribution is calculated by
smooth-pasting two segments that belong to diftenemmal distributions, satisfying two
conditions: the sum of the probabilities must bantl the distribution around the mode
must be skewed. In this method, the forecastermé@tes the extent of skewneds initio.

In our analysis, we assumed that the distributtosyimmetric—a common assumption in
both the monetary-fan chart of the Bank of Israes&arch Department and in the Bank of
England’s fan chart.

The results of the estimation of the implicit riskthe tax-revenue forecast are shown in
Table 15. The estimates for the three alternatioeleis were calculated on the basis of
predicted data for the explanatory variables in7280d a revenue-forecast distribution that
was estimated on the basis of historical data. Wed sizable differences among the
models, especially in the probability of large estd=or example, the probability that the
projection would be at least NIS 1.65 billion (02&rcent of GDP) above actual revenues
is 32 percent in the model that was found to benbst effective in Table 11 and the more
broader model shown in Table 6, and 39 percenhénsimplistic model. The larger the
error we tested, the greater the disparity amoegntiodels became (Figure 2). In other
words, adding variables beyond GDP helps to rethueéorecast error even if the variables
are hard to predict. However, when we add to theehwariables that are susceptible to
especially poor predictability, the risk to thedoast increases even if they help to explain
revenues.
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Table 15
Probability of Tax-Revenue Errors according to Various Models
Deviation Deviation Chosen model Original model nitlélasticity
Pct. of GDP (NIS millions) Percent

0.10 740 41.7 419 44.8
0.15 1000 38.8 39.1 43.0
0.25 1650 31.9 324 38.5
0.50 3300 17.4 18.0 28.0
1.00 6600 3.0 3.4 12.1

7. CONCLUSION

This study examined alternative models for the jotexh of government tax revenues. For
projection purposes, we divided the analysis into $tages. First we identified the real and
financial macroeconomic variables that affect gowaent tax revenues. We found that the
model including GDP, imports of consumption goodsge per employee post, new-
dwelling sales, sales of shares by parties of ésteabroad, and credit denominated in
foreign currency successfully described the devekqt of total revenues. The error in the
model in annual terms was very small, it was stabler the years, and it explained
revenues as well as separate models for individiaakes did. Furthermore, the

macroeconomic variables excluded lagged tax rexefroen the equation.

Although the model successfullgxplains the factors that affect tax revenues, the
forecaststhat may be generated by using it are not as gbbid. is because the values of
the explanatory variables are unknown when thecfseis produced; therefore, the
forecast can be based only on predicted valuesfoivied that three variables—sales of
shares by parties of interest abroad, credit demat@dl in foreign currency, and new-
dwelling sales—impair the quality of the projecsadue to the difficulty in predicting their
values effectively. For this reason—qgiven the infation that is available when the
projection is produced—the projection as estimatedhe basis of a limited model, which
does not include these variables, has smallerethan those based on the full model. By
the same token, the original model is more stabtk tnerefore, in a “rolling” projection its
errors are no larger than those of the limited isersThe reason is that the errors in the
predicted values of two other variables—foreignrency credit and sale of shares
abroad—correlate with the other variables in thelehdn a way that reduces the extent of
the error in the revenue projection (Appendix Chi€aC-1)*2

18 Since credit denominated in foreign currency reduevenues, the positive correlation between the
errors in the projection for this variable and éneors in the GDP forecast offsets some of thecesfef the
errors in the GDP forecast on the deviation ofrtheenue projection. The negative correlation bettbe
errors of the projection for sales of shares byigsof interest to that of GDP has a similar matiag
effect, especially since 2001.
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Figure 2
Probability of Smaller Deviation of Revenues from Rojection than the Number on the
Horizontal Axis
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Given the limits of information about the variabteat explain tax revenues at the time
the projection is prepared, we also examined twoomamodels based only on lagged tax
revenues and the expected GDP growth rate. Thedst® elicited by these models were
inferior to those based on the full and limited misd In other words, despite the errors in
predicting the explanatory variables, the forecdsised on their predicted values still
bested those that totally disregard the relatioevéen them and tax revenues. This
superiority of the explanatory variables is alstbeted in the probability of forecast error:
the risk of errors in the narrow models is greaed the greater the potential error, the
greater the difference between the narrow and broadels. Since policymakers seem to
pay a higher “price” for large errors than for shwes, this makes the use of broader
models advantageous.

This study points-out the main variables that dffgovernment tax revenues. The
difficulty in predicting some of the variables prptad us to use narrower models, thereby
increasing the expected error in the revenue ptiojeclt seems, then, that the course of
action that offers the greatest marginal returrteirms of the accuracy of the revenue
projection in the budget is to improve the predetability of the explanatory variables. In
the current study, we used simplistic estimategréalict some of the variables; a focused
study might significantly improve the quality ofetlprediction—particularly in respect of
the import and new-dwelling sales variables. Anptmposed research task is the long-
term testing of whether legislative changes retption capital-market taxation will make
financial variables more important in explainingeaues. An additional possible direction
of research would be to ask whether some variablgdsyugh excluded from the model due
to multicollinearity with other variables, may emica predictive power because they are
easier to predict than the included variables.
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APPENDIX A

Table A-1
ADF Tests for Examination of Unit Root for Log RealGDP
(1973-2007, annual data)

Variable Time trend Statistical ADF Significance
Log GDP No 0.49 0.98
Log GDP Yes -1.78 0.69
Change in log GDP No —-4.80* 0.00
Table A-2
ADF Tests for Exam+ination of Unit Root for Log Red GDP
(1990-2007, quarterly data)
Variable Time trend Statistical ADF Significance
Log GDP No -1.20 0.67
Log GDP Yes -2.02 0.58
Change in log GDP No —12.59* 0.00
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APPENDIX B: BIAS IN THE GDP PROJECTION

An important question in analyzing GDP projectiomnfiich figures so importantly in the
estimation, is whether they are biased. To testHfempresence of such a bias, we examined
the real GDP forecasts for 1973-2006, as publishethe National Budget for those
years'® During this time, the real growth forecast to orear ahead was 3.5 percent on
average while the actual growth rate was 4 perpentannum (Table B-Ff.In other
words, the projections were biased in a pessimditiection, i.e., downward. From 1992
on, two-year projections were published as wellriby this time, the average one year
ahead forecast was 3.3 percent—0.7 percentage yudetr the actual GDP growth rate—
and that for the subsequent year was 4.8 perdagttflg higher than actual GDP growth.
Furthermore, the variance of the second-year fetawas lower than that of the first-year-
ahead forecast, largely because the former waslilmsan estimate of potential product.

The downward bias in the growth projection for tteeming year reflects forecasting
errors in years when per-capita GDP growth wasvbdloe long-term average of 1.6
percent. In such years, the growth forecast for ¢hening year was more than 1.5
percentage point under the actual growth rate.olntrast, no bias was found in forecasts
prepared in years of economic “boom” in and forec#s two years ahead (in boom and
bust years alike). The data also show that althdhglgovernment has had to meet deficit
targets since 1992, there is no meaningful diffeeelbbetween the average bias of the one-
year projections in 1973-1991 and those in 199262001974-1993, the forecast to one
year ahead was 0.6 percentage point below actoaltgrand in 1993-2006—after deficit
targets were set—it was 0.7 percentage point below.

The cumulative deviation of the projection to tweays ahead was only 0.2 percentage
point. Nevertheless, despite the average accutheyyariance of the error in the GDP
forecast to two years ahead was twice as grediaasa one year ahead—because the error
in the one-year forecast was carried into the segmar as well. Furthermore, the average
absolute error of the cumulative two-year foredhsting this time was 3.3 percentage
points as against an average error of 1.7 percengaint to one year ahead. Consequently,
the uncertainty to two years ahead was no lessttiatrto one year ahead, due to the risk
carried forward in the projection from year to year

% |n the years after the termination of fkational Budget we used the projections published of the Bank
of Israel in parallel to the budget's submissiothtoKnesset.

2 Geometric average of the real growth rate in 12086. During this time, the population grew by 2.3
percent per annum and real per-capita growth wapdrcent per annum.
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Table B-1
Accuracy of Real GDP Projection to One Year and Twdears Ahead, 1973—-2006
Projection Actual Forecast error
To 1 year Cumulative to real Tolyear  Cumulative to 2

Year ahead 2 years ahead growth ahead years ahead

1973 8.8 " 49 3.9

1974 6.9 " 55 1.4

1975 3.2 " 3.8 -0.6

1976 1.0 " 1.6 -0.6

1977 12 " 2.0 -0.8

1978 4.0 " 4.1 -0.1

1979 6.0 " 47 1.3

1980 4.2 " 3.6 0.6

1981 2.7 " 47 -2.0

1982 0.0 " 14 -1.4

1983 1.8 " 2.6 -0.8

1984 -1.3 " 2.2 -35

1985 0.8 " 45 -3.7

1986 1.6 " 3.6 -2.0

1987 3.2 " 6.2 -3.0

1988 3.7 " 3.6 0.1

1989 19 " 14 0.5

1990 5.0 " 6.6 -1.6

1991 7.1 " 6.1 1.0

1992 6.5 " 7.1 -0.6 "

1993 3.6 13.2 3.8 -0.2 2.0

1994 53 9.9 7.0 -1.7 -1.1

1995 49 115 6.6 -1.7 -25

1996 5.0 10.0 5.6 -0.6 -25

1997 4.0 10.1 2.8 1.2 1.6

1998 31 9.3 4.2 -1.1 2.2

1999 25 8.0 2.9 -0.4 0.8

2000 3.0 6.6 8.7 -5.7 -5.3

2001 4.0 7.9 -0.6 4.6 -0.1

2002 19 9.2 -0.9 2.8 10.8

2003 0.3 6.3 15 -1.3 5.7

2004 1.6 " 4.8 -3.2 "

2005 3.8 4.4 5.2 -1.4 -5.9

2006 3.9 7.7 5.1 -1.2 -2.8

Avg. 35 8.8 4.0 -0.6 0.2

Variance 4.7 5.4 4.8 4.3 204

! The averages in the cumulative two-year forecasta 1993—2006.
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APPENDIX C
Table C-1

IsrRAEL Economic ReviEw

Matrix of Correlation Coefficients of Errors in Pre dicted Explanatory Variables

(Q1:1991-Q4:2006)

Deviation
of log

consump-
tion-goods

imports
from
relation
with GDP

Deviation
of log
consump-
tion-goods
imports *
dummy
variable for
after 2000

Mergers
and sales
of shares
abroad

2-qtr.
lag

forex
credit

1-qtr.

Change
in growth
rate at
2-qtr.

Log new-
dwelling
sales

at

3-qtr.

lag

Log lagged
GDP

Log lagged
GDP*,
dummy
variable for
after 2000

Deviation
of log
wage from
relation
with GDP

Deviation
of log

consumptio

n-goods
imports *
dummy

variable for

after 2000

Mergers

and sales
of shares
abroad at
2-qtr. lag

Log forex
credit at
1-qtr. lag

Change in

growth rate
at 2-qtr. lag

Log new-
dwelling
sales at
3-qtr. lag

-0.10

-0.20

0.07

-0.20

-0.23

0.65

-0.05

-0.29

-0.18

0.18

-0.05

-0.29

-0.18

0.18

0.11

-0.15

-0.02

0.08

0.07

-0.04

-0.26

0.02

0.09

-0.01

0.15

-0.13

0.15

0.02

-0.03

-0.18
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APPENDIX D: TESTING THE STRUCTURE OF THE RESIDUALS

To determine whether the forecasting model is atatiy and whether an autoregressive
process that entails the use of FGLS is presentpearéormed three tests for ARMA
structure. The tests show that a stationary prodess exist. This is because the model
explains tax revenues by using exogenous variabnldsexcludes lagged taxes.

First, we conducted a test to determine the roth@fesiduals. The test shows that both
the AR and the MA are within unit root and thateréfore, the residual is stationary;
furthermore, they are strongly correlated (Tablel)D-Second, we examined the
correlogram of the residues (Figure D-1) and founad evidence of an autoregressive
process. In other words, the finding correspondsuwomodel, in which tax revenues are
explained by GDP and not by lagged taxes. Finallyperformed an impulse-response test;
it showed that the process converges to zero fapidithin two quarters—indicating both
that the residuals are stationary and that theyad@xhibit an autoregressive process.

Table D-1
Root Test
Root Model ARMA(1,1) Model MA(1)
MA(1) -0.43157 —-0.10022
AR(1) —0.346946

Figure D-1: Correlogram
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