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We estimate the effect of legislated tax changesewanues in
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prepared alongside the proposed tax changes, tdraofor the

information policy makers had. Estimating an erpmrection

model, we find that the average tax change ultityatelds about
70 percent of its static revenue effect. The dyoaofiset is
consistent with a large tax multiplier. The steastgte estimated
collection rate is 90 percent for a change in tloeporate income
tax, 65 percent for the personal income tax, andp&8&sent for
indirect taxes. (JEL: E62, H24, H25)

How much revenue is collected from a tax increaskta what extent does a tax
cut pay for itself? Does the answer differ acrgges$ of taxes and over different
time horizons? Such questions are prevalent irptiidic debate over tax reform,
and are important for policy makers. In an attetopanswer these questions, we
investigate the macro effect of legislated tax ¢emnon tax revenues. Our
estimation uses a comprehensive database of legistax changes that were
implemented in Israel from 1991 until 2012. We aseovel way to identify the
effects of tax changes and tackle the endogeneitplgm, by exploiting
numerical tax forecasts that were formed alongtidgroposed tax changes.
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Estimating the dynamic effect of tax changes oremeres is the aim of the
budget scoring process used in many countriegjdinal the US, the UK and the
Netherlands (Holtz-Eakin, 2015). This process tteeassess thieiture impact of
a specific proposal for a tax change, using ecoonomddels and a series of
assumptions, and can be informed by the empiritemhture on the tax multiplier.
This literature examines the effect of ameragetax change on GDP while
aggregating over tax changes that may have diffexfacts on incentives and
economic activity. The tax multiplier can then sed to mechanically calculate
the effect on revenue, based on the tax burdenttenelasticity of revenues to
GDP in a specific country. However, this calculagftect may be incomplete.
For example: tax changes may lead to shifts betwarrbases with different
rates, without an effect on the level of GDP, Wbifeaing revenues; A shift from
local production to imports may reduce GDP growiht increase revenues if
imports are taxed at a higher rate, etc. The niased literature on the elasticity
of taxable income (ETI) can also assist in estingatthe dynamic effect of
(personal income) tax changes on revenues. TheeBddmpasses many ways in
which taxpayers respond to changes in tax ratesirmcghtives. However, as
Carroll and Hrung (2005) explain, the ETI captumedy part of the macro-
dynamic responses on the supply-side, and demdadsfind shifting between
tax bases are generally not reflected at all.

In this paper we build on the tax multiplier litaree, but estimate directly the
effect of tax changes on revenues. Thus, we congiénhe indirect ways of
calculating the revenue effect using the tax miiétrpor the ETI. Our estimation
takes into account possible non-GDP effects on rmaxenues, and allows
capturing the cumulative macroeconomic effectshef supply and the demand
sides, as well as base-shifting. As with the mamyoemic literature on tax

multipliers, our estimates are for the effect ofemeragetax change during our



sample period. We also estimate separately theteffef legislated changes in
personal income taxes (PIT), corporate income téRE€E), and indirect taxes.

The main empirical challenge in identifying the eeff of a tax change on
revenues grows from the possible simultaneity betwtex changes and expected
future tax revenues. For example, if policy malegect an economic crisis that
will shrink revenues, they may decide to raiser@bes pro-cyclically. Revenues
might still decrease due to the materialized crisisating a negative correlation
between tax changes and the revenues, but thielatbon should not be
interpreted as causal. To identify the effect af¢dhanges on GDP, Blanchard and
Perotti (2002) (hereinafter: BP) use the time eddpdetween a change in
economic activity and when policy makers becomerawa the change and
respond with a tax change. They use this gap totifglestructural tax shocks
using a quarterly SVAR model. Romer and Romer (2@héreinafter: RR) use
documents related to the legislative process irrota identify “exogenous” tax
changes, i.e., changes that are motivated by idaabreasons or by a will to
deal with accumulated deficits, and are not a nespao trends in economic
activity. On the assumption that the narrative idieation of these changes is
accurate, the changes affect economic activity 4met not affected by ft.
However, at least for the case of Israel, the timgamethod has two severe
limitations. First, the motivation given in legisiee documents may be biased
due to the political will to achieve approval foeettax change and for the budget
in which it is included. Second, even for tax ches\gvhose motivation is truly
exogenous — their timing is often strongly influeddy the state of the deficit

and the growth forecast.

1 . . . .
Nevertheless, Favero and Giavazzi (2012) showttieatifferences between the results of BP and &Rat their
different econometric estimation techniques andm®use of the narrative approach by RR.

This was the case for the "ideological" plan trealuced direct taxes in Israel since 2003. Wheame®s were higher
than expected, the execution of the plan was aetelk and rates were reduced, sometimes even ctapedp. Another



In this paper, the unique availability of tax reuerforecasts — prepared at the
same time as tax change proposals — makes it p@dsilexplicitly control for
the information possessed by decision-makers atitha. We test and reject the
existence of potential manipulations in the reverfimiecasts due to the tax
changes. Thus, it is possible to identify the dfféfca tax change, independent on
the expected tax revenue, and use all the tax elsahgt have been implemented
and not just those with an ideological motivation.

Another potential source of endogeneity grows friti@ way policy makers
respond to revenue forecasts, e.g. whether theypslipro- or counter-cyclical. If
the response pattern changes much from period iodpeusing the revenue
forecast might not fully account for the link betmeexpected revenues and tax
changes. While this remains a concern, Strawczy(&KL4) provides evidence
supporting a stable response pattern of the Istaelpolicy to expected changes
in activity and revenues. Comparing a shorter sanpariod (1988-2011) to a
longer one (1970-2011), Strawczynski finds that tbgponse of indirect taxes
remained pro-cyclical, and direct taxes remaine@ydical. The steady response
pattern facilitates the identification of the etfeof tax changes in this paper. We
are also assisted by the practice of the Isradlisttly of Finance to estimate the
effects of proposed tax changes on revenues ussihgme static calculation, that
assumes a constant tax base and does not accoueitfeer behavioral responses
nor the impact on economic activity. These stagimeates were used in proposed
budgets until 2012 — the last year in our samptegdeWe use these estimates as

benchmarks for the effect of tax changes on rev&nue

We estimate an error-correction model and find antegrative relationship
between tax revenues, the macroeconomic factotsrthaence them in the long
run, and tax changes, while controlling for taxemewe forecasts. We find that an

example is the "structural" decrease in sales 1a®000. The State Revenue Division report expjicitlates that the
decrease was possible "due to an increase in tiecton".



average tax increase raises tax revenue by onlytalfb percent of the amount
predicted by a static calculation (that assumeshange in the tax base). The
offsetting effect, mainly through the effect of tia& change on economic activity,
is higher during the first two years after the apmrcomes into effect: actual
revenue amounts to 60 percent of the static foteabshe first year, and it

declines at the second year. Similar dynamics avad in the tax multipliers

literature: BP found that the response of GDP texachange peaks during the
second year after the change, and the peak in RRtwo and a half years after
the change was affected. The peak offsetting e¥fectind, -0.72 of the predicted
revenue, is closer to the -0.84 effect derived fRRithan to the offsetting effects
derived from BP (-0.21 or -0.36), and is thus mooasistent with a large tax

multiplier

We find markedly different effects for each typetak over the short run and
the medium-long run. During the first year, theHagt rates of tax collection,
relative to the static forecast, are achieved fiolirect taxes — 78 percent of the
expected revenue, or the PIT — 76 percent. In asfita change in the CIT has
almost no effect on revenues during the first y&aro years after the tax change
goes into effect, and thereafter, the ranking ckang an increase in the CIT
yields the highest rate of collection (89%), and dtollection rate is lower from
the PIT (65%) and from indirect taxes (58%). Ourgderm results contrast those
of Mertens and Ravn (2013) who found that changethe CIT have a minor
effect on revenues. However, the offset effect wel fis consistent with the
marginal deadweight cost of CIT rates, found in thiero-based estimation in
Devereux et al. (2014). For PIT changes, our difsgeffect (-0.4 at the peak) is

3 The calculations use the share of tax revenuésael's GDP and build on former empirical resudssuming a unit
elasticity of tax revenue to GDP. For the calcolatiwe used the baseline tax multipliers from RR08), and from BP (-
0.78 or -1.33). A caveat for the comparison is tihat calculated offsetting effects account only fevenue impacts
through GDP, while our estimation allows for nond&Dnpacts so it makes it difficult to directly dexithe multiplier
from our estimated equations.



consistent with the PIT multiplier estimated in Kgs and Ravn (2013). These
offsets are higher than the micro-based offsetsveldrfrom the elasticity of

taxable income literature. For the US, Saez gt28l12) derive an offset of about
-0.2 for an across-the-board federal income taseese, and an offset of -0.34 for
a tax increase focused on high earners. Lastlffjngethat the incidence of a PIT

increase falls also on employers - their cost bbigi.e. gross wages) rises by 35
percent of the expected revenue from the tax isexebhe effect of a reduction in

PIT is symmetrical.

The remainder of the paper is structured as folidestion | presents the data.
Section Il presents a simple theoretical model tehonstrates the problem of
endogeneity in estimation, and explains how forscat tax revenue address it.
Section Il estimates a system of dynamic equatfonsax revenue as part of an
error-correction model. Section IV examines theasafe effects of changes in the
PIT, the CIT and indirect taxes. Section V preseatsistness tests, and section

VI concludes.
|. Data on legislated tax changes in Israel 1991-2P

We use a Bank of Israel database of tax changesdinted by the central
government during the period 1991-2012. We updatetiverified the database
using primarily the annual reports of the State ddenxe Division of the Ministry
of Finance® The reports estimate the impact of legislativenges on tax revenue
in each of the subsequent years. Up to 2012 thstsmates were based on a
simple static calculation — the change in the &t multiplied by the size of the

tax base. As tax changes in Israel do not expifeage sunset clauses, any change

4

Missing data were obtained from the following sms: the proposed budgets presented to the Knéegistation
passed by the Knesset and explanations accompapsapgsed legislation, government decisions andkBd#rsrael's
budget reviews.



is considered permanent until another legislatialifies it. We transformed the
annual estimates to quarterly data, using inforomatin the exact date in which
the change would go into effect. The database mikssssible to differentiate
between fees, indirect taxes and direct taxes —watiin the latter between the
PIT and the CIT. The database consists of 218 enigy changes, of which 83
were changes in indirect taxation, 66 in PIT, 34hia CIT, and 35 in other direct
taxes (primarily related to the capital market amdl estate). Most of the tax
changes (164) went into effect during the first rtpraof the year and 34 were
affected during the third quarter. Figure 1 presdhe quarterly amount of tax
changes. There were changes in 62 out of the 8degsian the sample period, of
which 43 had relatively large aggregate changeseeding 0.1%of GDP. The
data on all the tax changes is available in thenerdppendix.
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FIGURE 1. SIZE OF TAX CHANGES BY QUARTER IN WHICH THEY CAME INTO EFFECTIN THE YEARS1991-2012STATIC
REVENUE EFFECT AS A PERCENT OF GDP

Notes:Tax changes that came into effect in each quexter the years 1991 to 2012. The size of the chanipe Ministry
of Finance’s static prediction of the annual reweatfect, divided by annual GDP.



For each tax and for each quarter, we aggregatstéiie revenue estimates of
the tax changes during the quarter (in fixed pjicasd then calculate the ratio of
the tax changes in each quarter (multiplied byod)he total tax revenue in the
calendar year preceding the change. These ratmsa@umulated to get the
percent sum of tax changes from the beginning @fsimple (1991q1) until each
quarter. Figure 2 shows the cumulative amount @nges in each of the tax
categories, as a share of the fixed-pricesl tax revenue in 1990. The annual tax
revenue forecasts, without the effect of the predox amendments, are also
taken from the reports of the State Revenue Dimistio from the proposed
budgets presented to the Knesset. The forecastsastart from 1992, because
1991 was a shortened fiscal year lasting only 9thmrData on tax revenue are
taken from the reports of the State Revenue Diwisind from the Tax Authority

and are adjusted for one-off events.
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FIGURE 2. CUMULATIVE TAX CHANGES IN THE YEARS1991-2012SHARE OF1990TOTAL TAX REVENUE (IN FIXED PRICE9

Notes:Quarterly tax changes, relative to prior-yearlttata revenue, are accumulated over the years t92012.

5 . . . . . .
One-off revenue adjustments included income chadge to particularly large transactions of a ome-tature, e.g.
purchases of large Israeli firms, and fluctuationgax collection due to work slowdowns by the eoygles of the Tax
Authority. Tax revenue outliers in terms of timiaogmagnitude as a result of tax changes were rjost&di for.



Il. The analytical framework

We first construct a simple specification to daserihe effect of tax changes on
revenues:

(1) AT, = a*x Aty + ATY = a*At + a + b*xAX; + &

whereAT, is the change in tax revenue in periodt, is the (static) value of the
tax changes that went into effect in period t, Afiglis the change in tax revenue
less the effect of legislated changes in that ded@, depends on changes in the
tax bases, an#l; is the vector of macro variables that affect thtzse basese,
represents temporal shocks to tax revenue thatnaredependent on macro
variables, and we assuniig_,(¢;) = 0 . a may represent constant independent
factors affecting the trend in tax revenues. Theffaoent of tax changes — a —
reflects the proportion of revenue actually cokecas a result of the tax increase;
'a’ will equal 1 if there is full realization ofdlstatic estimate, i.e. if the tax base is
constant. We assume, for the sake of simplicitgt the tax changes in period t
were legislated in period t-1, since even if thardes were legislated in an
earlier period, it was still possible to modify @ancel them in t-1 (as was indeed

the fate of a few tax changes in Isrd&eT)ax changes are determined as follows:

(2) Aty = d* E; (AT + weqg = dx (a+b*E_1(AXp) ) + wpq

If policy makers have decided to implement a taange, this may be in
response to the expectations in t-1 of a changjeeimdjusted tax revenue in t, i.e.
E._1(AT{). Following Equation (1), these expectations depemnd forecasts

(prepared in t-1) for changes in macroeconomicades in period t. According

In formulating the basic model, we essentiallyoign the differences between anticipated and uripatéd tax
changes. This assumption, similarly to BP, alsomadhat tax changes cannot be a response to stiatksappened in the
same quarter in which they go into effect. Later,test the effect of expected changes for a ongeq@head horizon.



to this specification, the effect of changes in teaxenue on tax changes remains
fixed from one period to the next (there is no tisab-index for the coefficient d).
In principle, the direction and magnitude of thiteet may change from one
period to the next due to the changing preferenteslicy makers, e.g. regarding
the degree of pro-cyclicality or counter-cyclicalivf tax policy. However, for
Israel, Strawczynski (2014) showed that the degfgao- or counter-cyclicality
of tax policy remains stable over time both during period 1998-2011 and for a
longer sample starting in 1970. This finding suppour assumption of a stable d
coefficient in our data. Tax changes can also leerdsult of the shoak;_;,
which is not dependent on expected tax revenueisetige result of an ideological
choice made by policy makers. Such tax changetharexogenous changes that
RR try to identify using the narrative method.

Combining the equations for tax revenue and taxngés, and assuming that
the forecast of tax revenue is formulated ratignaltcording to the model (as
described in Equation 2), yields the following etjpra

3) AT, =1+ a*xd)*a + b*xAX +[axd*b*E;_;(AXy) + a* wi_q] + &

Equation (3) illustrates the risk that the estimatf Equation (1) will lead to a
biased estimate of the effect of tax changes oemaw. If the policy makers'
forecast for future macro variables cannot be allett for, then some variables
in the vectorX; might be included in the residual. That will letmdcorrelation
between the tax changes and the residual, resutftiegdogeneity.

RR deal with the problem of endogeneity by omittamy tax changes that are
not exogenous. In other words, according to ouatiam, they only include tax
changes for which d=0 and are therefore only tisaeltef w shocks, which are

not dependent on macro forecasts during the legisl@eriod. RR explained that

10



the choice to use the narrative method to idergkggenous changes was also
based on the lack of exact forecasts that accomipentax changés

"... it is impossible to proxy for all the informaticabout the future output
movements that policymakers may have had. Thedfimtdimerical forecasts of
what policymakers thought would happen to outpuhéabsence of tax changes,
that would be ideal for this exercise, are gengralbt available even for recent

tax changes."

We deal with the problem of endogeneity in a noway, by explicitly
controlling for the numerical forecasts of tax newe that were presented by the
Ministry of Finance in the proposed budgets, ala®the proposed tax changes.
The forecasts are based on the forecasted chamgéksei macro variables
(primarily GDP growth), and allow controlling fon¢ information possessed by
policy makers at the time the tax change was prghofhey do not reflect the
effect of proposed tax changes on economic actieityon tax revenue itself.
Essentially, we explicitly includ&;_, (AT{) in the regression and thus deal with
the correlation described above between the taxhgds and the residual,
eliminating the resulting endogeneity. The inclasad the forecasts allows us to
use all the tax changes implemented during the kameriod, not only the
"exogenous" ones.

One may claim that the forecasts published by tivstty of Finance as part
of the proposed budget may be manipulated, andotlalways reflect the actual
forecast being considered by policy makers. We @xarhis claim in Section V
and show that the concern of intentional manipatais not supported by the
data. In the following section, we estimate a systef equations based on

Equation (1) above.

7 . . . .
In RR's model, the effect of the (expected) ecdon@mtivity on tax changes can vary from one petmthe next, i.e.
'd" in our notation ish theirs.
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[ll. The effect of an average tax change on tax revenue

We use a dynamic system of equations within aar@worrection model, to
estimate the effect of tax changes on revenues filsteexamine whether the
effects of a tax change on economic activity cdelg@xplain the fluctuations in
the tax base after the change. Then we examineythamics of revenues and

offsetting effects in the first few years afterreange goes into effect.
A. The estimated error correction model

The system of equations is based on the Bank aktllsr quarterly real tax
model (Brender (2001), and Brender and Navon (20180d includes two
equations: First, &ng-run equatiorfor the relationship between the level of tax
revenues and total legislated tax changes up topthiat (in percent of total tax
revenue). The equation controls for domestic economariables: the levels of
GDP, the average wage, and imports of consumptomug In addition to the
domestic economic variables, we included two véemlhat affect revenues, but
are plausibly exogenous to it: the world trade Wdend the number of tourists.
Although world trade does not constitute a tax basd does not directly
influence tax revenue, it is one of the externalaldes that significantly affect
economic activity in Israel, which is a small opeconomy. As common in
analyses of the Israeli economy, incoming tourigmves as a proxy for changes
in the security situation that affects activity arevenues. We included the tax
changes alongside the activity variables, in otdeest whether the changes have
additional effects on tax revenue beyond their atffen measured economic
activity. If such effects do not exist, we expdwttthe tax change coefficient will
be equal to one. Second, the system includi8exences equatiothat describes

the relationship between the quarterly changexnaaenue and the quarterly tax

12



changes, controlling for other activity variabldmtt may affect the change in
revenuel A list of the variables appears in the appentiabfe A.1).

We exclude in our estimations the period startimgl997:Q2 and ending in
2001:Q4. There were only few legislated tax charngethis period, but it had
large fluctuations in total tax revenues, resultingm external outlier events
(such as the Asian crisis in 1998 and the high-taghble and its aftermath in
2000-01). As a test of robustness, we also estinidte model for the period
2002-12 and found the results to be similar (seticseV). All the equations
include quarterly dummy variables, to account feasonality, and a dummy
variable that takes the value of one for the qusrsgarting from 2002:Q1. The
coefficient of the latter variable was found torgative and significant, which
indicates a downward shift in tax revenue starfiogn 2002.

Many of the variables in the long-run equation §i¢ and are non-stationary
(see Table A.1 in the appendix). However, in a#l #stimated regressions, the
Engle-Granger test rejects the hypothesis thatetieno co-integrative relation
between the variables. For the regression estimaed) 2SLS, an ADF test of
the residual rejects the existence of a unit rApart from that regression, all of
the long-run equations in the paper are estimasetybtatic OLS (i.e., Dynamic
OLS without leads and lags). The standard deviatiare calculated using the

Newey-West method, which corrects for autocorretatind heteroscedasticity.
B. The effect on revenues through the channel of esmnactivity

We first estimate the long-run equations (Tablecbptrolling for the revenue
forecasts in all versions. In the first versiorg timly activity variable included in
the equation is the log of GDP, instrumented byekegenous log of world trade

8 . . . .
Changes in: GDP, imports of consumption goods,aerage wage in the economy, the shekel valuereigh
currency credit, stock prices, sales of new horaed, the sale of Israeli companies to foreign irarssthrough mergers
and acquisitions.
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index and log of the number of tourists. The resaftthe 2SLS estimation show
that when GDP is controlled for, a tax change thatatically expected to raise
tax revenue by one percent indeed increases itdsg ¢o one percent (0.941). In
the second version, we added the index of worldetend the number of tourists,
alongside (log of) local macro variables: GDP, imp@f consumption goods and
the average gross wage in the econ8mgain, a tax change which is meant to
increase tax revenue by one percent will indeedease tax revenue by one
percent (0.996).

TABLE 1— THE LONG-RUN EQUATION LINKING TAX RATE CHANGES TO TAX REVENUE

(1) (2 (3) (4)
2SLS SOLS Excluding Including all
domestic domestic
Dependent Variable: Log of total tax economic economic
revenue variables variables
Sum of tax changes until the present 0.941 0.996
(0.456) (0.209)
Tax changes within the last year 0.636 1.067
(0.358) (0.282)
Tax changes during the year before last 0.317 1.139
(0.386) (0.352)
Tax changes implemented more than 0.724 1.270
two years ago (0.351) (0.365)
Instrumented log GDP 1.070
(0.184)
Exogenous economic variabfes + + +
Domestic economic variabl8s + +
Log of forecast of tax revenue + + + +
Adjusted R-squared 0.910 0.967 0.943 0.966
Durbin-Watson statistic 0.960 1.587 1.521 1.628
Residual ADF test statistic -4.81
Engle-Granger tau-statistic -7.17 -6.95 -7.31

Notes: Standard errors appear in parentheses. The sutaxothanges is the cumulated sum of quarterly akgmng
measured by the static prediction of the reventecebf the change, divided by the total revenuéhi previous year.
The regressions include a constant, quarterly dunangbles and a dummy variable for 2002 and onwascexplained,
for each tax change variable, an interaction betwee changes and a dummy variable for the peri@@701 to
2001:Q4 was included. In the 2SLS estimation, dlgs lof the number of tourists, and of the worldlérandex with 1 and
2 lags, serve as instruments for the log of GBBxogenous variables: Log index of world trade, bognber of tourists.
® Domestic variables: Log GDP, component of importg correlated with GDP, component of average wage
correlated with GDP. Complete results are present@able A2.1 in the online appendix.

9
Changes in wages and imports of consumption gaaelsorrelated with changes in GDP growth. FollgiBrender
and Navon (2010), we replaced these variables lineglations with the residual obtained from a regjen of
wages/imports on lagged GDP and a constant.
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The second equation in the dynamic system is ardifices equation in which
the dependent variable is the change in tax revelwimg the current quarter
relative to the previous quarter (Table 2). Thadwes from version (2) of the
long-run equation is included here as an explagatariable. Its coefficient was
estimated to be -0.8, a negative coefficient camfig the existence of an error-
correction type relationship, and indicating th&vidtions from the long-run
relationship between tax revenue and the explayatariables are largely
corrected within two quarters. The estimation shtived a tax increase from the
current quarter, that is meant to raise tax revdnuene percent, will add only
0.77 percentage points to the change in tax revémbhen macro variables are
controlled for). This estimate indicates that a txange is only partially
manifested in revenue during the first quarteroiginto effect. This may be due
to the timing in which a tax change goes into dffbaring the quarter or due to
possible shifting of activity or tax payments n#aat time. As noted above, the
remaining gap from the long-term relationship @seld quickly.

In the second version of the differences equatinalso included tax changes
with a lead of one quarter. In most cases, tax@ésare known about at least one
quarter before they are affected, since they actudied in a prior budget
proposal. Expected tax changes may cause a shdttimity to and from the
current quarter and thus may affect tax revenua éatore they go into effect.
According to the results, a tax change that is etgue(using a static calculation)
to raise tax revenue in the following quarter by @ercent, will raise tax revenue
already in the current quarter by 0.5 percent. Effisct can help explain why a
tax change has only a partial impact in the quavtesn it takes effect.

The role of anticipated tax changes was examindtirwthe tax multiplier
literature, but no empirical consensus has develop® did not find evidence
that the expectation of a tax change in the neattqu affects the GDP, and RR
did not find a significant effect of the presentueaof future tax changes on GDP.
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In contrast, Mertens and Ravn (2012), who consdiéne realization horizon of
each tax change, found a large impact in the yeoré an expected change goes
into effect. However, Perotti (2012) warned thatewlone takes into account the
difference between anticipated and unanticipateédréuchanges, and possible
different effects for each realization horizon,rthés only minimal evidence for

the effect of future tax changes on GDP.

TABLE 2— THE SHORFRUN LINK BETWEEN LEGISLATED TAX CHANGES TO TAX REVIERIUE

Differences Differences
equation equation with a
Dependent Variable: Log of quarterly change inrasenu lead
Tax changes during the current que 0.767 0.70¢
(0.315) (0.311)
Tax changes in the next quarter 0.522
(0.294)
Residual of the lor-run equatio -0.77¢ -0.76¢
(0.128) (0.127)
Change in exogenous economic variaBles + +
Change in domestic economic variables + +
Adjusted R-squared 0.925 0.928
Durbin-Watson statistic 2.195 2.247

Notes: Standard errors appear in parentheses. The regoessinclude a constant, quarterly seasonality Valea and
interactions of the tax changes with the breakqmkft Exogenous variables: change in the world tradesincthange in
log number of tourists’ Domestic variables: GDP growth in the previous des GDP growth two quarters ago,
change in the component of imports not correlatéti 8DP, change in the component of average wadeowelated
with GDP, change in the log of TASE index*dummy2fa®4 and on, change in the log of foreign currec®dit in the
previous quarter. Complete results are presentebaible A2.2 in the online appendix.

C. The dynamic effects

This section examines the dynamic effects thaslatgd tax changes have on
tax revenue, over three periods: changes that ineneffect during the previous
year, during the year before that, and all the ghanntroduced two or more years
ago™® First, we estimate the long-run equation withony alomestic activity
variables (Table 1, version 3). The presence ofyjeRous economic variables,
i.e., the world trade index and number of tourisexves here as a control for

shocks that are not the result of the domestic @oyn The estimated coefficient

10 . . ) .
Due to the lags, this version was estimated stagnly from 1993:Q1.
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of the tax changes reflects the actual effect aihges on revenues. This effect is
the sum of the 'direct’ mechanical effect on taxeneie holding the tax base
constant (a positive effect), and the ‘indirect'ndyic effect on tax revenue
through the effect of tax changes on macro varsablich we generally expect
to be negative). The estimation indicates thatxactzange, that was predicted
(statically) to increase tax revenue by one perosilitincrease it by only about
60 percent of that amount during the first yeaeraft goes into effect. In the
second year, tax revenue collection reaches ahrotignly about 30 percent of
the expected amount (and this proportion is natiggantly different from zero).
After two years, tax revenue rebounds and in ting laun the tax change vyields
about 70 percent of the static predictibn.

Second, domestic economic activity variables (GD#yorts of consumption
goods and the average wage) are added, and weatsstine coefficient of tax
changes while controlling for these variables (€all, version 4). The
coefficients of tax changes are not different frone in a statistically significant
way, implying again that the legislative tax chasmg@ve an offsetting effect on

revenues only through the channel of economic igtiv

The bias created in the coefficients of tax changésen domestic activity
variables are omitted, serves as an estimate dfrtlieect’ effect of tax changes
on revenue via the economic activity channel. Havethis estimate should be
treated with caution since it is obtained from thiéerence between coefficients
in two different regressions and it is impossildexplicitly test hypotheses on it.
Table 3 presents the calculated 'indirect’ effe€tax changes on tax revenue. It
presents both the difference between the tax aieffis, and the difference

relative to a static forecast (in which the taxrajea coefficients equal to 1). Like

11
All the tax change coefficients reflect the effeEtax changes according to the average comppsifitax changes
during the sample period. A different compositidrtax changes may yield different results. In tbkofving section, we
will examine the effect of each type of tax sepalyat
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previous papers on the tax multiplier, we find aayic effect of tax changes on
economic activity, whereby the effect increasestrangth over a two-year period
and then declines. For the US, RR found that tiiecefof an exogenous tax
change on GDP peaks after 10 quarters and deciumesequently. A similar
result for the UK was obtained by Cloyne (2013).zsta(2011) found in Israel a
similar short-run effect for changes in direct sxand estimated the peak of their
influence to occur after 18 months. For indirectelg he found a more rapid

process, with the peak occurring after only six then

TABLE 3—'INDIRECT EFFECTS OF TAX CHANGE$I.E. DIFFERENCES BETWEEN THE TAX CHANGE COEFFICIENYS

The effect on The effect on revenues

revenues via all via all domestic economic
Indirect effect of a tax increase thatis domestic economic variables, relative to a
intended to raise tax revenue by one  variables (percent of  static forecast (i.e. tax

percent revenue) coefficient = 1)
Tax increase during the last year -0.40 -0.364
Tax increase during the year before last -0.72 8®.6
Tax increases more than two years ago -0.43 -0.274

Notes: The indirect effect of tax changes on revenudbésdifference between the effect of a tax change o
revenues in a regression that controls for domestivity variables, and the effect in a regressighere these
domestic variables are omitted. The second columomvs the difference, assuming that the coefficaniax
changes in the long regression is 1 (i.e. is adegrio the static forecast).

The focus of this paper is the effect of tax change total tax revenue, and we
do not attempt to estimate the tax multiplier disecNonetheless, in order to
compare the magnitude of our results with the takipliers in the literature, we
estimated the implications of these multipliers f@axx revenue, given the
characteristics of the tax system in Isr&dlsing RR's multiplier, the offsetting
effect of a tax change on tax revenue through tfecteon GDP is -0.84 at its
peak. Using BP's multiplier, the offset ranges fréh?21 to -0.36. The offsetting

12 We used the tax burden in order to calculategtims of percent of tax revenue collection, the efze tax change of
one percent of GDP. For a tax to GDP ratio of 2%Pcent (the average ratio during the sample petivel change
amounts to 3.68 percent of tax revenue collectida.assumed a unit elasticity of tax revenue cotleatelative to GDP
(according to the coefficients of the long-run etmabove) and used it to calculate the offsezafbf a change in GDP
on total tax revenue. Thus, for example, RR’s taxtiplier of -3.08 implies that a tax increase 068 percent of tax
revenue leads to an offset of 3.08 percent oféarmue through its effect on GDP. Therefore, artevease of one percent
of tax revenue will lead to an offset of -0.84 pericof the additional revenue.
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effect we obtained is -0.72 at the peak and thezadar result is more consistent
with the multiplier obtained by RR than with theahar multiplier found by BP
(with the caveat that in our estimation, the otiseteffect can manifest not only

via GDP but also via other macroeconomic variables)
IV. The effect of changes in the PIT, the CIT and indiect taxes on revenues

Up to this point, we have examined the impactaaf¢thanges without relating
to the composition of the change. However, theousritypes of taxes may have
different effects on tax revenue, both with resgedhe size of the effect and its
timing, and with respect to the channels througlclvit works. The importance
of differentiating between the various types ofesuis clear from the literature.
Mazar (2011) found large differences in the efi@etGDP between indirect and
direct taxes in Israel. Mertens and Raven (2018hdodifferent dynamic effects
for PIT and CIT changes in the US.

In this section, we estimate three error-correctimodels for the PIT, the CIT
and indirect taxe$® For each type of tax, we recalculate the tax chamglative
to tax revenue from that type of tax in the pregicalendar year. Each estimated
equation includes the forecast of revenue from égoh of tax, which reflects the
relevant information available to policy makers whée tax change was

legislated"*

13 In order to preserve comparability with the presiosection, we estimated the models from 1993 &® 2hd
confzolled for the period between 1997:Q1 and 2Q@1.:
The budget includes a forecast of revenue frormetime taxes - PIT and CIT combined. In our ediona we use

the component of this forecast that is independémrior PIT or CIT changes (i.e. a residual fromegression of the
forecast on prior changes in the specific tax).
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A. The personal income tax

We estimate an error-correction model for tax rexsefniom the PIT (on salaries
and labor income of self-employed individdg)sFirst, a long-run equation was
estimated for the relationship between tax revesmg tax changes using three
versions (Table 4). The estimation of the equatiétihout domestic economic
activity variables (version 1) shows that a taxrdeintended to raise tax revenue
by one percent, in fact raises it by 0.76 percamind the first year, by 0.36
percent in the second year (this coefficient issighificant), and by 0.65 percent
in the long run (after two or more years). When dsfit activity variables are
controlled for (version 2), PIT yields in the shart only about 80 percent of the
(statically) expected amount of revenue, and taangks that have been in effect
for two years or longer affect revenues precisetgoading to the static
calculation.

The difference between the coefficients indicated in the first year, the effect
of tax changes on tax revenue, through the chasingbmestic activity, is only
marginal. The effect through this channel increasgsequently. In the long run,
an increase in the PIT that is meant to raise éwernrue by one percent has a
negative effect on economic activity that offsetd percent of the tax revenue
increase. Mertens and Ravn (2013) find a PIT miwetipf -2.5 which, in the
context of the Israeli economy, yields a similaisef of -0.34 percent (although
our offset appears to be of a more permanent natlihese offsets are higher
than estimates derived from the micro-based liteabn the elasticity of taxable
income. Saez et al. (2012) survey this literatamed using the best surveyed
estimates of the ETI, derive an offset of 0.1956 dweery dollar of US federal

income tax revenue raised by an across-the-boapbpional tax increase.

15 o .
In Israel, taxes on capital income are not pathefPIT system. They are calculated and withhefshsately at flat
rates.
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TABLE 4— THE LONG-RUN EFFECT OF CHANGES IN THPIT ON PIT REVENUE

(1) (2 ©)
Excluding Including Excluding
domestic all domestic the wage
Dependent variable: economic economic variable only
Log revenue from the personal income tax variables variables
Tax changes in the last y: 0.76( 0.80¢ 1.19¢
(0.405) (0.253) (0.263)
Tax changes year before | 0.35¢ 0.78: 1.15C
(0.447) (0.289) (0.307)
Tax changes implemented more than two 0.647 1.084 1.539
years ago (0.245) (0.217) (0.213)
Component of income taxes revenue forecast, which i 0.354 0.048 0.120
independent of prior PIT changes (0.146) (0.093) (0.102)
Exogenous economic variabfes + + +
Domestic economic variabl® + +
Adjusted R-squared 0.839 0.926 0.897
Durbin-Watson statistic 1.272 1.771 1.828
Engle-Granger tau-statistic -6.75 -8.48 -8.60

Notes: Standard errors appear in parentheses. The regressclude a constant, and quarterly seasonaitiables. For
each tax change variable, an interaction is incdusktween the tax changes and a dummy variabkaéoperiod 1997:Q1
to 2001:Q42 Exogenous variables: Log index of world trade, lmgnber of tourists’ Domestic variables: Log GDP,
component of imports not correlated with GDP, amd/érsion 2 only: component of average wage natetaied with
GDP. Complete results are presented in Table A2tBd online appendix.

The difference in the coefficients between versi{2)sand (3) implies that a
PIT change has a positive effect on tax revenuétvipositive effect on wage$.
Even after taking into account the negative eftddhe tax change on wages via
GDP}’ the wage will still rise in reaction to a PIT ieaese — an estimated rise of
0.07 percent after a PIT change that is intendethdease tax revenue by one
percent. Essentially, 35% of the tax incidencesfalh employers that compensate
their workers for a decline in their net salary, f&asing their gross salary.
Employees carry 65% of the additional tax burdehesk incidence rates are

16 . - .
A PIT hike of one percent of revenues will incredise component of real average gross wage natlaterd with
GDP by 0.34 percent, leading to a 0.46 perceneas® in tax revenue.
To calculate this negative effect, we estimatedession of the long-run equation that excluded ahlg GDP
variable. Using the differences in the coefficienfsthe tax changes, we derived the effect of acteange on the tax

revenue through the effect on GDP. Using the el&gtdf average wage to GDP in Israel (0.27), d@smeded in Brender
and Navon (2010), we derived the effect of a taxeéase on the component of the wage which is ateetwith GDP.

21



similar to the average in non-Nordic countriesGaszalez-Paramo and Melguizo
(2013) found in their meta-analysfs.

Furthermore, we estimated a differences equation tfte short-term
relationship between changes in the PIT and chaimgés revenues (Table 5).
The coefficient of the long-run residual (-0.8) megative and statistically
significant, and supports the specification of amrecorrection model in which
deviations are corrected within two quarters. Adaay to the estimation (version
1), 60 percent of the expected increase in revef@eeording to a static
calculation) is achieved in the first quarter attee change goes into effect, and
an additional 50 percent in the subsequent quavkersion 2 shows that a PIT
change expected in the next quarter has a postfeet on tax revenues already
in the current quarter, but the effect is on thedbo of being significantly

different than zero.

TABLE 5— THE SHORFRUN EFFECT OF CHANGES IN THPIT ON THE CHANGE INPIT REVENUE

€ @

Dependent variable: The change in log revenue fhenPIT Adding a lead
Change in the PIT in the current quarter 0.604 ®.68
(0.204) (0.209)
Change in the PIT in the previous quarter 0.490 0.432
(0.214) (0.214)
Change in the PIT in the next quarter 0.317
(0.192)
The long-run residual -0.787 -0.784
(0.110) (0.111)
Change in exogenous variabfes + +
Change in domestic economy variables + +
Adjusted R-squared 0.778 0.783
Durbin-Watson statistic 2.232 2.233

Notes Standard errors appear in parentheses. Includesstant, seasonality variables, interactiondeftéx changes with
the structural break period and an interaction betwimports and a dummy variable for the periodl2&@d onward and
for the period 2006 and onwartExogenous variables: change in log world tradexndhange in log number of tourists.
Domestic variables: GDP growth, change in the camepb of imports not correlated with GDP, changéhis component
of average wage not correlated with GDP. Compleselts are presented in Table A2.4 in the onlineeagix.

18 — . . .
We found no significant evidence of an asymmaetdffect of tax increases and tax decreases. To eeathis issue
we estimated another version of the equation (@viilfrom the authors), in which we added intecatibetween the tax
changes in the last two years and a dummy varthblandicated whether there was a tax increasadéh year.
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B. The corporate income tax

We estimate an equation for the long-run relatigngletween changes in the
CIT and the revenue from this tax (Table 6). Estiomof the equation without
the domestic economic variables (version 1) shdwas @ change in the CIT has
almost no effect on revenues during the first y@&e effect during the second
year is positive, but still insignificant. In therlg run, tax changes implemented
two or more years earlier produce about 90 per¢er@9) of the expected
revenue. Even when the effect of a change in the @@l domestic activity is
controlled for (version 2), CIT changes appearaose large and significant shifts
of activity and tax payments in the short run -+¢hie under-collection in the first
year and over-collection in the second year follayihe change. In the long run
and when account is taken of the domestic actigitghange in the CIT yields the
revenues expected according to a simple staticilegion.

The difference between the coefficients indicatest the ‘indirect’ effect of
changes in the CIT on tax revenue, via the econaciiwity channel, reaches a
peak in the second year following the change — @edse in the CIT that is
intended to reduce revenue by one percent, stigsitonomic activity, and thus
offsets 0.73 percent of the expected revenue reguat the second year. The
positive effect on economic activity declines lagerd in the long run the offset is
0.27 percent of the expected revenue reductiors dtfiset is similar to the 0.29
marginal deadweight cost of CIT rates, found by &eux et al. (2014) in a
micro-based paper that exploited kink points in tdee schedule in the UK. Our
estimates contrast those of Mertens and Ravn (20&8jound little effect of CIT
changes on revenues in the US, due to large aratineglasticity of the tax base
with respect to tax changes. The lower long-terastatity of the CIT tax base in

Israel might be affected by the fixed preferen@&l rates for large exporters, that
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make changes in the general rate irrelevant fort fesge mobile firms? It
should be noted that the tax changes in our déa net only to changes in the
CIT rates, but also to non-rate aspects of the €/8tem, e.g. changes to tax
depreciation allowances. As Kawano & Slemrod (204&)n, ignoring such non-

rate tax changes may bias the estimates of thectefie CIT rates on CIT

revenues.
TABLE 6— THE LONG-RUN EFFECT OFCIT CHANGES ON TAX REVENUE
(1) 2
Excluding Including all
domestic economic domestic economic

Dependent variable: Log revenue from the variable: variable:
Tax changes in the last y 0.11C 0.74E

(0.530) (0.693)
Tax changes in the year before | 0.761 149t

(0.580) (0.796)
Tax changes implemented two years ago or longer 880.8 1.154

(0.494) (0.642)
Component of income taxes revenue forecast, whkich i 0.787 0.005
independent of prior CIT changes (0.329) (0.380)
Exogenous variable* + +
Domestic economic variabl8s +
Adjusted R-squared 0.731 0.786
Durbin-Watson statist 1.48¢ 1.857
Engle-Granger tau-statistic -6.80 -8.36

Notes Standard errors appear in parentheses. The sammesncluded a constant and quarterly seasonaditiables,
and interactions between tax changes and the stalittreak period? Exogenous variables: Log of the NASDAQ index,
log number of touristd Domestic variables: Log GDP in the previous quattemponent of imports not correlated with
GDP, component of average wage not correlated Giif*. Complete results are presented in Table A21he online
appendix.

We also estimate a differences equation for thetdleom relation between
changes in the CIT and changes in revenue fronTablé 7). The negative
coefficient of the long-run residual (-0.57) istittcally significant and supports
the specification of an error-correction modelwinich deviations from the long-
run relation are largely corrected within two qeast The fluctuating effect of tax
changes on tax revenue is apparent again. At faging the CIT decreases the

revenues from this tax, and only after 3 quartées tevenues increase in a

19 - .
The revenue predictions for CIT changes consliestmaller tax base due to preferential rates.
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significant way (by 0.74 percent of revenue). Rexncontinue to rise (by close
to an additional percent of tax revenue) in thealdr quarter, a year after the
change. This result is likely to be evidence oftihee-shifting of activity and tax
payments, and is consistent with the fact thatgaistant proportion of CIT

payments relates to past proffts.

TABLE 7— THE SHORFRUN EFFECT OFCIT CHANGES ON REVENUES

Dependent variable: The change in the log of Ci/Eneie

Changes in the corporate tax in the current quarter -0.943
(0.761)
Changes in the corporate tax in the previous quarte 20.629
(0.392)
Changes in the corporate tax two quarters ago -0.008
(0.415)
Changes in the corporate tax three quarters ago 0.740
(0.412)
Changes in the corporate tax four quarters ago 0.927
[¢] P q g (0.429)
The long-run residual -0.567
(0.131)
Change in exogenous variabfes +
Change in domestic economy variables +
Adjusted R-squared 0.633
Durbin-Watson statistic 2.493

Notes: Standard errors appear in parentheses.degla constant, seasonality variables, and inienacbetween tax
changes and the structural break peridéxogenous variables: change in log NASDAQ indésange in log number of
tourists.” Domestic variables: GDP growth in the previousrteraGDP growth 12 quarters ago, change in thepoment

of imports not correlated with GDP, change in tbenponent of average wage not correlated with GDRnge in TASE
index, change in foreign mergers and acquisitians fjuarters ago. Complete results are present@dbfe A2.6 in the
online appendix.

C. Indirect taxes

We estimate an error-correction model to examirge dffect of a change in
indirect taxes on total revenue from these taxes fiv8t estimate an equation for
the long-run relationship (Table 8). The estimatiohthe equation without
domestic economic variables (version 1) shows ghahange in indirect taxes,

that under a constant tax base would have increas@@ct tax revenue by one

20 ) ) . . .
A version that included a lead variable for the ¢aanges in the next quarter (available from thta@rs) found a
positive, but statistically insignificant effect eorrent revenues.
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percent, in fact increases it by 0.78 percent @utire first year. Past changes in
indirect taxes produce today only about 60 peroéttie expected revenue. When
the effect of the tax changes on domestic econauitiwvity is controlled for
(version 2), the collected revenue is in line vitik static forecast. The difference
between the coefficients indicates an offsettifigatfof about 25 percent of the
expected revenue during the first year. This effélstough the channel of
economic activity, subsequently increases in sigkia the long run offsets about

40 percent of the (statically) expected revenue.

TABLE 8— THE EFFECT OF CHANGES IN INDIRECT TAXES ON REVENUEFROM INDIRECT TAXES

(1) (2)
Excluding Including
domestic all domestic
economic economic
Dependent variable: Log revenue from indirect taxes variables variables
Tax changes in the last year 0.779 1.022
(0.237) (0.208)
Tax changes in the year before last 0.671 0.947
(0.208) (0.185)
Tax changes implemented two years ago or longer 0.578 0.981
(0.270) (0.218)
Component of indirect taxes revenue forecast, which -0.019 -0.212
is independent of prior changes in indirect taxes (0.118) (0.091)
Exogenous variables + +
Domestic economic variabl8s +
Adjusted R-squared 0.953 0.970
Durbin-Watson statistic 1.719 1.894
Engle-Granger ta-statistic -5.62 -8.57
Engle-Granger z-statistic -114.66 -76.67

Notes Standard errors appear in parentheses. The ségmesnclude a constant, quarterly seasonalitiakiles, a dummy
variable for the years 2002 and onward, and intienas between tax changes and the structural lpea&d.? Exogenous
variables: Log of the world trade index, log numbegtourists” Domestic variables: Log GDP, component of impards
correlated with GDP, component of average wagecaoelated with GDP. Complete results are preseintddble A2.7
in the online appendix.

In addition to the long-run equation, we estimatifeerences equation for the
short-run relationship between changes in inditagkes and the change in their
revenue (Table 9). The negative coefficient of kbweg-run residual (-0.96) is

statistically significant and supports the speaitfien of an error-correction
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model, in which deviations from the long-run redaship are almost totally
corrected for within a quarter. With activity veslas controlled for, a change in
indirect taxes achieves the revenues expected digitie forecast, already in the
first quarter. Version 2 provides evidence of shgtof economic activity around
a tax change. The estimation results indicate dhatxpected tax change in the
next quarter, that is intended to raise revenueiy percent, will increase the

change in revenue already in the current quartgrclbse to 0.72 percentage

points.
TABLE 9— THE SHORFRUN EFFECT OF CHANGES IN INDIRECT TAXES ON REVENUES
1) (2
Adding a
Dependent variable: Change in the log of revenom findirect taxes lead
Changes in indirect taxes during the current quarte 1.10: 0.91¢
(0.302) (0.208)
Changes in indirect taxes during the next quarter 0.71¢
(0.342)
Residual from the long-run equation -0.999 -0.955
(0.137) (0.136)
Change in exogenous variabfes " "
Change in domestic economy variables + +
Adjusted R-squared 0.912 0.915
Durbin-Watson statistic 2.256 2.237

Notes Standard errors appear in parentheses. The ensaiticlude a constant, quarterly seasonality kiesa and
interactions between tax changes and the strudioeak period® Exogenous variables: change in log world tradexnd
change in log world trade index in the last quarteange in log number of touristsDomestic variables: GDP growth in
the previous quarter, change in the component pbits not correlated with GDP. Complete resultspaesented in Table
A2.8 in the online appendix.

D. Response functions

As a further step, we examine the impact of ait@rease using a simulation
that takes into account both the long-run and tieetsun coefficients. Figure 3
presents the response functions over a horizoré @fubrters, and an area of one

standard deviation around them.
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FIGURE 3. THE SIMULATED RESPONSE OF THE RELEVANT TAX REVENUECQTA TAX RISE THAT WOULD HAVE INCREASED
REVENUES BY ONE PERCENT IN A STATIC CALCULATION

Notes To perform the simulation, we estimated uniforiffieslences equations for each type of tax. Inladise equations
the dependent variable is the change in log taemee (for the specific tax). The explanatory vdeahincluded tax
changes from four quarters — next quarter (expettethges), the current quarter, and lagged changesthe previous
two quarters. They included also the residual ftbenlong-run equation (the version without domeatitivity variables),
the change in the world trade index, the chandegmumber of tourists, quarterly dummy variablesd a constant. The

estimation results are available from the authors.

V. Robustness
A. Bias in the tax revenue forecasts

Tax revenue forecasts are used in this study amlata deal with possible
endogeneity of tax changes. This raises the quesstihether the forecasts are
accurate, and if not, whether the bias reduces begiefit for identification. One

should first note that as long as policy makersebel in the forecasts and
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determine tax changes based on them, errors ifotleeasts will reduce the
problem of endogeneity described in Sectiorf1[Essentially, if policy makers
ignore reality and decide on legislated tax chargeyg according to a random
forecast, then changes are exogenous to futur@uesgeand activity. Bias in tax
forecasts becomes problematic if the publishedcase does not reflect the
private information used by policy makers when thanges were legislated. In
this case, we would like to include the privateeftast as a control variable in the
regressions, not the public one. The motivation ifgentionally publishing a
biased forecast could be the desire to recruitipalisupport for a tax change that
is proposed in the budget, or to delay painfuldisteps.

We tested whether the revenue forecasts suffen idbias that is correlated
with the tax changes. We estimated a regressiovhioh the dependent variable
is forecast errofé and the explanatory variables are tax changesgiutie
forecast year, and during the two years before. W controlled for other
sources of (unintentional) errors in the tax revefurecasts — the error in the IMF
forecasts of world trad® economic volatility, and "one-off' revenues. The
regression also included the previous forecast esoan explanatory variabfe
All the variables are I(0) and the equation wasneded by OLS. The main
results are presented in Table 10. The coeffiadnax changes, during the year
for which the forecast was made, is positive andsignificantly different from

zero. This makes it less likely that revenue fosésavere intentionally biased to

21 . . . .

According to Equation 3, if the tax revenue fostcg _, (ATY), reflects predicted macro changBs,, (AX,), that are
less correlated with their actual results (i%X,), there is less concern of correlation betweenntero variables in the
residual and the tax changes.

The error was calculated as the difference betvieerannual forecast of tax revenue and actuatds&nue. A
positive value indicates that the forecast was lpu@gtimistic relative to actual tax revenue. Alttyh the forecasted and
actual tax revenue are annual data, there wereadeqears (2002, 2003 and 2009) in which the fastaas changed when
a new budget was passed or a special budget wadueed in mid-year. Thus, the estimation makesofisgiarterly data,
which for each quarter give the revenues for teatr yand the forecast that was valid during thattqua

IMF forecasts serve as inputs to the growth amedmee forecasts of the Israeli Ministry of Finance.

24 . . . . . ’
The tax revenue forecast in the budget is buitinuhe estimated revenue in the year the foresastaide, and
therefore the error in a particular year affecesetror in the subsequent one.
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persuade that tax changes are necessary, sinceatincase we would have
expected a negative coefficient — revenues woulk Haeen biased higher to
support a purposed tax decrease, and lower to gupptesired tax increase. The
coefficient remains positive when we take into artathe error that originates
from using a static forecaSt.

Tax changes made in the previous two years arefis@ntly correlated with
forecast errors. As forecasts ignored the dynafffects of tax changes, they were
doomed to become overly optimistic during the sedcpear after a tax increase
went into effect (hence the positive coefficierthe forecast in the third year
following a tax increase is based on the lowerdabection during the first two
years, and therefore it became overly pessimistienwthe negative dynamic
effect of the change weakened. In view of the diffiee in timing, these two

coefficients do not constitute evidence of an iiteral bias in the forecast.

TABLE 10— THE EFFECT OF TAX CHANGES ON ERRORS IN THE TAX REVER FORECASTS

Dependent variable: Errors in the tax
revenue forecast for the current y

Sum of tax changes in the current year 0.377
(0.301)
Sum of tax changes in the previous year 0.298
(0.170)
Sum of tax changes two years ago -0.229
(0.121)
Adjusted R-squared 0.862

Notes Standard errors appear in parentheses. The sagmesicluded also the following variables: ernortihe previous
forecast (when prepared for a full year), errothe previous forecast (when prepared mid-yearrenr the forecast of
world trade, squared error in the forecast of warddle, deviation of the rate of increase in theSWAQ index from its
multiyear average, squared deviation of the NASDAAEX, the change in GDP growth between this yadrtevo years
ago, one-off tax revenue. Complete results arespted in Table A2.9 in the online appendix.

25 The result is valid for another version of the &tpn (available from the authors), in which we uietdd from the

variable "Sum of tax changes in the current yele'dynamic effect of the tax change on the revdaadound in this
paper). In this version, the coefficient of theighle "Sum of tax changes in the previous year"aiempositive (0.377)
and not significantly different from zero.
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B. Controlling for government expenditure

Tax changes are often correlated with changeswergment expenditure. The
correlation can be negative when the governmenttadopro-cyclical or counter-
cyclical policy. The correlation can be positiveemhthe government raises taxes
to finance an increase in expenditure. If the efi@icthe expenditure on tax
revenue is not reflected in the tax revenue foteths correlation may lead to
biased estimates of the effect of tax changes.

To examine this issue, we re-estimated the equatioiiable 1 (versions 3 and
4) with the addition of the log of government exgiure in the current quarter as
an explanatory variable (Table 11). A reductioroné percent in expenditure is
correlated with an increase of 0.15 percent inmaes, but the estimated effect of

tax changes on tax revenue remains very similar.

TABLE 11— THE LONG-RUN RELATIONSHIP BETWEEN TAX CHANGES AND TAX REVENHE - CONTROLLING FOR
GOVERNMENT EXPENDITURE

Including government expenditure Base version
@ 2 (1) 2
Dependent variable: Log of Excluding Including Excluding Including

total tax revenue domestic activity domestic activity domestic activity domestic activity

variables variables variables variables
Sum of tax changes in the last 0.724 1.119 0.636 1.067
year (0.362) (0.274) (0.358) (0.282)
Sum of tax changes in the 0.293 1.191 0.317 1.139
year before last (0.386) (0.342) (0.386) (0.352)
Sum of tax changes 0.652 1.33¢ 0.72¢ 1.27(
implemented two or more (0.353) (0.355) (0.351) (0.365)
years ago
Log of government -0.156 -0.155
expenditure (0.104) (0.084)
Adjusted F-square 0.94¢ 0.968 0.943 0.96¢€
Durbin-Watson statistic 1.354 1.539 1521 1.628
Engle-Granger tau-statistic -6.35 -6.98 -6.95 -7.31

Notes Standard errors appear in parentheses. Versjoalga includes the log index of world trade, thg humber of
tourists and the component of the revenue forega=trrelated with tax changes executed by the étttegrevious year.

Version (2) added logged GDP, the component of itspaot correlated with GDP, and the componenthef average
wage not correlated with GDP.
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B. Estimation for the period 2002-2012

Our sample period includes the years 1992—2012renthe period 1997:Q2 to
2001 was excluded from the estimations. In ordetesd the stability of the tax
change coefficients, we re-estimated the equatimisable 1 (versions 3 and 4)
also for the shorter period of 2002-2012. Using thibsample, the direct effects
of tax changes on revenues during the first twasyaee somewhat higher than in
the full sample (0.87 and 0.42 in the first twongees. 0.64 and 0.32 with the full
sample). However, the coefficient remains almosnictal for tax changes
implemented two or more years ago. See Table A 18e online appendix for

full results.
C. Cross-tax effects

The revenue in each type of tax may also be infladrby tax changes in other
types of taxes. For example, a PIT increase may hégh-income individuals to
incorporate, in order to shift income from the Ri&se to the CIT base, thus
increasing CIT revenues; The projections we useimfithe State Revenue
Authority, rarely acknowledge such cross influerf®eBhus, cross influences that
are not included in our data may bias our estimatesexamine this issue, we
estimate a version of our long-run equations fahegpe of tax, in which we add
the changes in the other two types of taxes teKpmanatory variables. In these
estimations (available from the authors), we findsignificant evidence for a bias

in the coefficients of the tax changes in any tgptax.

26 . ) . . L
Most of the cross influences mentioned in the ffata the State Revenues Authority refer to themaadcal impact
on CIT revenues from changes in employer-borneasseturity fees, and from changes in the excisg @udiesel fuel.
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VI. Conclusions

We examine the effect of legislated tax changetawmevenue in Israel during
the period 1991-2012, using a comprehensive databésthe tax changes
implemented by the government during that perioe. d&al with the problem of
endogeneity in a novel way, by using the numeriaal revenue forecasts that
were presented by the Ministry of Finance alongsigeannual budget proposals.
The forecasts essentially reflect all the informiatpolicy makers had when they
decided on the tax changes for the coming budgat Jidne use of these forecasts
makes it possible to exploit all the implemented thanges, rather than only
(allegedly) exogenous ones. We also verify thatethe no connection between
biases in tax revenue forecasts and the propogsezhtages, alleviating concerns
regarding manipulation of the forecasts in ordepaébtically justify the changes.
In addition, the identification of the effect ofxtahanges benefits from the way
policy makers formulated their tax revenue forezastip to 2013tatic forecast
were used in the budget to estimate the effecawfchanges on revenues. The
stability in the way in which the tax policy in &1 responded to fluctuations in
activity and revenues, also assists in dealing Wit endogeneity problem,

facilitating the identification.

Four separate error-correction models are estimdtadtotal tax revenue,
revenue from the PIT, revenue from the CIT and meeefrom indirect taxes. In
all cases, a co-integrative relationship is founegrathe long run, between the
level of tax revenue and the explanatory varialsviations from the long-run
relationship are largely corrected within two geest

We find that after a tax change, a significant iporbf the revenue that would
have been expected, had the tax base been ssatiffset through the change's

influence on economic activity. As a result of tifeset, during the first year after
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a tax change goes into effect, a tax increasepsa®d to produce only about 60
percent of the static expectation of additionakrawe. The offset peaks during the
second year, when a third of the expected reveswmliected. From the third
year onward the additional revenue rises to ab@upércent of the expected
collection. We show that ignoring these dynamiceet§ and their timing
increased the errors in the tax revenue forechatsatere included in the budget.
In the long run, an average tax change affectstakebase only through its
effect on (measured) economic activity. Apart frdns channel, we do not find
evidence that tax changes affect the scope of l@nmg or tax evasion. Our
estimation for the size of the revenue offsettigher than the offsetting factor
that is derived from the tax multiplier found byaBthard & Perotti (2012), and is
closer to the one derived from Romer & Romer (20I®jus, our findings are
consistent with the existence of the relativelyhhtgx multiplier that Romer &
Romer find using the narrative method. Despitedigaificant offsetting effect,
we find that during the last two decades Israel m@son the “wrong” side of the
Laffer curve, whereby a tax rate reduction raigesrevenue. This conclusion is

valid both for aggregate taxes and for each tygebothat we examined.

In analyzing each type of tax separately, we findt tin the steady state, a
change in the CIT yields the highest collectiore reglative to a static revenue
forecast — about 90 percent. A change in the Példgi65 percent of the forecast,
and a change in indirect taxes leads to a colleafd®d8 percent. This tax ranking
is in contrast to the ranking in the short run, wi@T changes hardly affect the
revenues. In addition to that, we find that a reiducin the PIT has a negative
effect on the real average gross wage (and thetefesymmetric for a PIT
increase). Thus, the incidence of a PIT reductsospiit between the employees,

whose net wage increases by 65 percent of the st@tie of the tax change, and
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their employers, who benefit from the rest of tmeoant through lower gross

wage.

There is no consensus in the literature as to tingue effects of anticipated tax
changes as compared to unanticipated ones. Wenitbathis issue here only by
testing the possible effect of a tax change witlon@-quarter-ahead horizon
(assuming that for such a short horizon it is reabte that most of the tax
changes are known). We find that a tax increagb@mext quarter increases tax
revenue already in the current quarter. This effedlso found in the separate
estimation for indirect taxes. The effect of expéctax changes in Israel is
worthy of continued investigation, including theseain which there is a long
delay between the approval of a tax change and whgwes into effect. This is
particularly relevant with regard to the long-tepmograms to reduce direct taxes
in Israel during the last two decades.
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Table A.1.a: Description of tax and revenue varialds and the results of their unit-root tests

Variable Name

Unit root tests

ADF test ADF test -
statistic for | statistic for Description
the level 1% diff.

Total tax revenue -1.57 -3.88*** Total tax revenue, net of 'one-off' income (fronceptional M&A deals and events)

PIT revenue -1.76 -3.00** Personal Income Tax revenue, net of ‘one-off' ircom

CIT revenue -1.05 -12.37*** Corporate Income Tax revenue, net of ‘'one-off' ineo

Indirect tax revenue -0.40 -8.42%** Indirect tax revenue, net of ‘one-time' income

Tax changes -9.81*** Quarterly tax changes, as percent of the reventheiprevious calendar year

Sum of tax changes| -0.73 -9.81*** Accumulated sum of the quarterly tax changes, sl®81q1 until the current quarter

CIT changes -9.20*** Quarterly changes in the Corporate Income Taxgasamt of CIT revenue in the previous calendar year

Sum of CIT changesg -0.73 -9.20*** Accumulated sum of the quarterly CIT changes, sirtf®1qg1 until the current quarter

PIT changes -3.92%** Quarterly changes in the Personal Income Tax, @epeof CIT revenue in the previous calendar year

Sum of PIT changeg  0.37 -3.92%** Accumulated sum of the quarterly PIT changes, sif¥8q1 until the current quarter

Indirect tax changes|  -6.45%* Quarterly changes in indirect taxes, as perceitdifect tax revenue in the previous calendar year

Sum of indirect tax .0.82 6. 45+ o _ _
changes Accumulated sum of the quarterly changes in indit&ces, since 1991q1 until the current quarter

Tax revenue forecast -0.87 -9 gk Forecast of the tax revenue in the_ current caleyelar, as presented in the I_a'_[est budget proposéhé

current year. The forecast does not include thecetif tax changes on the activity or the revenues

Income tax revenue Forecast of revenue from Income Tax in the curyear, as presented in the last budget proposad. Thi

forecast -0.66 -9.55%** includes CIT and PIT.
The forecast does not include the effect of taxagka on the activity or the revenues

Indirect taxes Forecast of the revenues from indirect taxes ircthreent calendar year, as presented in the latekget

revenue forecast 1.28 -9.55%** proposal for the current year. The forecast do¢snatude the effect of tax changes on the actigityhe
revenues
Tax forecast error -7.31%** Error in the total tax revenue forecast for therenr calendar year, comparing to the actual revenue
One-off tax revenue|  -4.99*** 'One-off" tax revenue, from exceptional M&A dealsd events

* All variables are of quarterly duration. All vables in NIS values are stated in constant 20@@gi{in CPI terms). ADF tests were conducted witingercept and

an automatic selection of the lag length by thew&ete Info Criterion. The source for all originanables is the Israeli Ministry of Finance and 8tate Revenue

Administration within the ministry.
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Table A.1.b: Description of activity variables andthe results of their unit-root tests

=

D

Variable Name . Sourc Unit root tests
ADF ADF test stat. for Description
test stat. for| 1% difference
the level
World Trade Index IMF? -0.23 -5.61%* World Trade Index
Error in trade index IMF Error in the IMF forecast for the World Trade Ind&ke forecast error was calculated as
-3.06% the diff(_arence between the forecasts publishedhd_ayMF in its WEO survey in April of the
' year prior to the forecast year and the actual gramvworld trade. When Israel's revenue
forecasts were prepared mid-year, we used the V@E€adsts made in April of that year.
NASDAQ index -1.71 -6.76%** NASDAQ-100 Stock index
Tourists CBS -1.11 -9.87*** Number of tourists arriving in Israel
GDP CBS 0.30 -4, 147 Gross Domestic Product, in NIS millions
Government BOI¢ e
expenditures -1.98 -16.33 Expenditures by the central government
Imports CBS -1.54 -4,99%** Imports of consumption goods to Israel, in NIS ok
Component of importg  BOI Residual of an equation in which the dependenatigiis log of imports, and the
not correlated with GDP -2.81* explanatory variables are a constant and the GIfPaniag of one quarter. i.e. This is the
component of consumption goods imports, which dependent of the GDP.
Average Wage NI1? -2.04 -3.78 Gross average wage per employee post
Component of average BOI Residual of an equation in which the dependenttigiis log of Average Wage, and th
wage not correlated with -1.89 -4.48%** explanatory variables are a constant and the GEPaniag of one quarter. i.e. This is the
GDP component of wage, which is independent of the GDP.
TASE Index TASE - Tel-Aviv Stock Exchange general stock index in p&i\ quarterly average, adjusted fa
e -1.53 -7.03 CPI inflation
Foreign Credit BOI Credit in foreign currency or foreign-currency terfm US$), multiplied by the USD-ILS
-1.52 -5.35 . ) )
exchange rate, adjusted for CPI inflation
Foreign M&A BOI -9 Agre* Mergers and acquisitions of Israeli firms with/loydign citizens and entities (NIS

hundreds of millions)

* All variables are of quarterly duration. All vables in NIS values are stated in constant 20@@giin CPI terms). ADF tests were conducted witimgercept and

an automatic selection of the lag length by thewgete Info Criterion? The International Monetary Fufidsrael's Central Bureau of Statistfcghe Bank of Israef

Israel's National Insurance Institiit€el Aviv Stock Exchange
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