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Abstract
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HOW DOES A FISCAL REFORM AFFECT ELASTICITIES OF INC OME TAX
REVENUES? THE CASE OF SPAIN, 2003-2008

1. INTRODUCTION

The observation of simple data may sometimes leadisleading conclusions. In its
2002 Annual Report on Tax Revenues the SpanistoiNdtiTax Agency (hereafter referred
to by its Spanish acronym “AT”) showed a negatilastcity of income tax revenues with
respect to GDP growth in 1999. The simple ratioMeen the growth rate in income tax
revenues and the growth rate in GDP led to thislosion in a year when a tax cutting
fiscal reform took place. On this basis, elasesitbelow 1 would also be expected in years
such as 1998, 2000 and 2007. However, these twe &e in conflict with the standard
characterization of income tax as a progressivettagugh which increases in income result
in more than proportionate increases in tax revgnibat is, in income tax elasticities higher
than unity.

Another example is offered by the behavior of ineot@x bases and revenues over
the period 2003 to 2008. Figure 1 shows the angrumalth rates of labour incomes, general
taxable income, general tax liability and final takor years 2004, 2005 and 2006, the
conventional view of a progressive income tax isficmed: a given growth rate of labour
income leads to higher growth rates for generahltéexincome and, most importantly, for
tax liability and final tax in a sequential fashiddut for the years in which fiscal reforms
were implemented (2003 and 2007) there is no ar gattern for modelling growth in
income tax revenue. Moreover, in 2008 general ti@xatzome grew by 7.7%, but the final
amount paid by taxpayers increased at a lowerof#e5%. In this context, the simple ratio

between growth rates cannot be used as a proxynadme tax elasticity, unless a

! As an indication of how representative these figuaire, note that labour incomes are about 80%taif et
income, general taxable income is 90% of total béx@income and general tax liability is almost 9af4otal

tax liability. The term “general” is used by theaBsh tax system to refer to all issues relatedaio-capital
incomes.

2 The situation is even more striking if the taxditef €400 set up by the government for working and self-
employed taxpayers is considered, as final tax dvéall by almost 3%. On the other hand, notice thihéen
only the “general” part of tax liability is takentb account, tax revenues increase by 8.4%, whishlts in an
elasticity —according to the method used by thenBbatax authorities- of 1.09. In any event, tisigar from
the figures reported in the relevant literature.



substantially lower (or even negative) sensitivofytax revenues to changes in income is

accepted, which would be counter to the traditismalv of income tax as a progressive tax.

Figure 1. Labour incomes and some tax variables (gwth rates). Spain, 2003-2008
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Source: Spanish National Tax Agency.

Consequently, a different, more complex approactstnhe considered if the
elasticity of income tax with respect to incomereases is to be computed. Indeed, it is
clear that tax revenues are affected not only lay éhasticity but also by changes in tax
policy, the dynamics of tax bases and taxpayemnskbs/es and, finally, tax evasion. The
issue is, therefore, to isolate income tax elagticom the other three factors.

In this context, this paper aims to determine tiowing: given a tax function, to
what extent can changes in income tax revenuesxpkieed by exogenous changes in
income? We focus on the case of Spain over thegp&03-2008, as income tax there
underwent a substantial reform in 2007. The gerfematework within which this paper is
located is that used by Hutton and Lambert (1980)s et al. (1982) and Creedy and
Gemmell (2002, 2003).

There is very little evidence on Spain. To the lméstur knowledge, there are only
two papers that study this topic, using two differemethodologies. The first one —de Castro
et al. (2008)- deals only marginally with the el@tes of several Spanish taxes (with
respect to GDP growth) because the paper is foouseddifferent issue: cyclically adjusted



budget balances. The values of income tax elasficiind in this paper are around 1.7 for
1986-1992 and less than 1 for 1993-1998. Elastioitieases for 2003-2005, peaking at 1.9
in this last year.

Creedy and Sanz (2010) is an extensive, well-fodrhgper that provides a set of
elasticity estimates for 15 Spanish regions andumity-wide aggregate. The authors use a
large cross-sectional database of Spanish taxpdper2002 to generate a simulated
population for 2007. They work with a broad concefptax revenue elasticity (with respect
to gross income) and distinguish between diffesentrces of income (mainly from labour
and capital). Their estimates range from 2.07 8 1with the latter being the most reliable
result.

Our paper differs from that of Creedy and Sanz (201 a number of ways, in terms
of both methods and results. We obtain results ftioenanalytical resolution of the model
and from a simulated sample of taxpayers, whilee@yeand Sanz (2010) estimate their
elasticities on the basis of a sample of actualiddals. The main caveat of their approach
is that they have to update the only databaseablaidating from 2002) in order to use it
in 2007, and this process may result in a samplese/lasic statistics differ from those of
the Spanish AT for that year.

A second difference between the two papers lighenvery concept of income tax
elasticity used. As mentioned above, Creedy and $20110) offer estimates of sensitivity
of tax revenues with respect to gross income, while paper takes taxable income as its
reference. Consequently, they need to incorporatenger of ancillary elasticities to follow
the complete sequence of schedular Spanish incaxdy contrast, our approach is quite
simple because the starting point is taxable incoiiités considerably simplifies the
computations and allows us to make a direct corsparivith studies on other countries,
where taxable income is widely used.

Our results indicate that income tax elasticityhwigspect to taxable income is in
line with previous estimates for other countriémugh perhaps in the upper range. For the
early part of the period (2003-2006) values of ab@.4 are found, while for the later part
(2007-2008) elasticity increases to around 1.8s Tincrement in income tax elasticity after
the 2007 fiscal reform persists under a numberhainges in assumptions, such as non-

equiproportional increases in income, differentrdeg of income inequality in the sample



of taxpayers, the use of tax credits and the censitbn of the actual inflation rate in the
updating of tax thresholds. After such a sensiti@halysis, it is clear that income tax
elasticity has increased in Spain since 2007.

The rest of the paper is structured as follows.ti&ec2 presents the theoretical
model. Section 3 introduces the data and the twibhode used. Section 4 shows the results.

Section 5 concludes and points out some policyicapbns.

2. THE MODEL

This section is concerned with the theoretical #auork used to estimate the revenue
elasticities in Spanish taxes. Basically, we follalae general model by Creedy and
Gemmell (2002, 2003) adapting it to fit the caseSpiirf. Principally, we distinguish
between individual and aggregate revenue elasticiBoth theoretical approaches consider
multi-step income tax functions, which have recdiveonsiderable attention in earlier

literature and also show a reasonable similarity wie real world.

Denote byT (y, )the income tax paid by an individuakith a nominal income of, .
The revenue elasticity of income tax with respeca thange in income, . , is defined as

follows:

_ dT(y)/dy,
Ty (1)

It can easily be seen that the numerator in (lthés marginal tax ratengtr) while the
denominator is the average tax ratatr(). Income tax is usually a progressive tax,
mtr >atr,, so the elasticity is greater than/g, | >1.

Consider the following multi-step income tax fuoct
T(y)=0 0<y=<a
=t(y-a) a<ys<a 2)
=t(a-a)tt(y-a) &<y <a

and so on. Setting, =t, =0, T(y;) can be written fok>1 as:

% In particular, we use an alternative specificatidrthe multi-step tax function allowing for dediatts not
only in the tax base (as in the usual approachalsatfor tax credits, which are quite significanthe Spanish
case.



k-1

T(v)=t(v -a)+ >t (. -a). 3)

i=0
for an individuali whose income falls into tHeh tax bracket. It can be easily seen that the

expression (3) can be rewritten as:

T(y)=ty, +Zai(tj _tj—l) (4)
Therefore,
T(yi):tk(yi _a1‘<)’ (5)
where

, 't (-t
& = & _Z(#J(ajﬂ_ai): aj( J " J 1] (6)
j=0\ *k =1 K

j
The interpretation of (5) and (6) is clear. Indivadl taxpayers face a single marginal tax rate
t,, which is applied to net income in excess of agholda, . This threshold is specific for
individuals in thekth tax bracket and reflects the structure of pregkaty through marginal
tax rates.

Differentiation of (5) gives the change in the tsypaid by individual when his/her
income increases exogenously by 1 per cent:

_1-da /dy
T T Ty (7)
It is easy to show that if the terds, / dy, equals O, the above expression becomes:
Cqa B
v 8)

The assumptiomla, /dy, =0 means that an increase yn does not affect the level of

effective deductionsa, . This is a strong hypothesis, not only in the eahtof income

taxation but also for taxes on consumption (Frieale1982). However, in our empirical
analysis below, the treatment of effective dedungtiother than thresholds can be ignored;
indeed, starting from the concept of taxable incowteere both tax-deductible expenditures

and non-income allowances are already taken intmuwat, avoids having to deal with



methodological problems concerned with estimatiegponses of such as deductions with
respect to inconfe
Additionally, individual income tax elasticity with multi-step income tax function

can be decomposed as the change in the tax baseeaslt of a change in incomgy(, )

and the change in tax payments when the tax bagtetted ¢, ;):
My =18 ey, =1Tey, s ©)
where the last equality comes from the fact thaf = % =1.

An issue which becomes relevant in tax systemi asdhat of Spain is the presence

of tax credits. The expressions above and belovd neebe arranged so as to take this
feature into account. Formula (5) maintains the esdotmal appearance b must be

rewritten:

, 1t < (to-t
ak=ak—Z_o(t—J](aj+raj)+H:Zaj( e ]ﬂg (10)

k j=1

—t

whereb; is the amount of tax credit. Expression (7) nowdmeesry, , = 1 Z/d;k /?:)>litky .

So far the analysis has focused on individual eli&gt but for policy purposes it is
the aggregate response to changes in income tbatnisst interest. Assume now that there

N
areN individuals with incomey,, y,....,y, so that total incom¥ is >y, and total income
i=1

N
tax revenue isT, = ZT(M)- With a multi-step income tax function, and aeme algebra
i=1

manipulation, total differentiation o, gives the following:

N aTly,a, N \dy,
dT, =;J(£—ak)dx =iZ:;/7Ti,yiT(yi,ak)—¥- (11)

* Creedy and Gemmell (2003) obtain such elasticiiiesthe UK using simple regression analyses, which
probably suffer from econometric problems (seerti@gipendix B); Creedy and Sanz (2010), with a lette
econometric approach, report notably high reswdtsSpain (see their Appendix D), which are far frime
reference values of Creedy and Gemmell (2003), gikie figures which are positive but below 1 fordbe
elasticities.



Note that to compute the elasticity of aggregate revenue with respect to changes in
aggregate income requires information on the dstion of income changes across the

individuals. In other words, a change in total imeoY may affect each individual

differently; consequently, some scenarios concemigd the behaviour ofﬂ must be
Yi

defined.

2.1 Equiproportional income changes
It is assumed firstly that all individuals expeigenan identical, proportionate increase in

their incomes. Thereforgi :% and expression (11) allows a highly intuitive falenfor

Y

aggregate elasticity to be obtained:

n :ﬂl:i” J—)T yi’a;(
Ty dy Ty — T T (12)

y
Under this simple assumption, aggregate elastisitpa weighted average of individual
elasticities, where the weights are given by thewam of tax paid by each taxpayer as a

proportion of total revenue.

2.2 The multi-step income tax function
Consider again the income tax function specified(2), with K+1 tax brackets and

a.,, =o. For the sake of simplicity, a continuous incomstribution function F(y) is
established so that the expression for aggregaémue elasticity can be expressed as:
_ _[O yT (y)dF(y) (13)
,7T,y ) -
[ T(v)drF(y)

Using (5), total tax revenue can be rewritten urider continuous case as:

T,=N ;/Z[tkj.:ﬂ (Yi - ak)dF(Y)} , (14)

where 3_/ is the arithmetic mean income. DenotingHiy) the first moment distribution
function such thafF,(y) is the proportion of total income obtained by thoxdividuals with

income less than or equalypexpression (14) is rewritten as:



T,=N glzthk(ak)’ (15)

k=1

where G, (a,) = [F,(a..,) - ()] - 2 [F.(a..)- F.(a)]. Expression (15) is the denominator
y

- K
of (13). To obtain the numerator of (13), we haNe/ > [t,F,(a...) - F.(a.,)]. Hence, after
k=1

some algebraic manipulations, aggregate revenséaa is given by:

My ==+ 5 (16)

y-a y-a

wherea’ is the effective aggregate allowance:

Y talFa.)-Fa)
Z::]_tk [Fl(ak+1) - Fl(ak )]

The calculations involved in (17) require the usecanvenient relationships between the

(17)

moment distributions, which are usually assumegkettognormal in type.

2.3 Non-equiproportional income changes

A realistic situation can be given gg‘— ¢%, i.e. the increase in individual incomes is not

the same for all members of the population. The kagable is then the elasticity of

individual income with respect to aggregate incomieich we denote byy, . . Rewritting

expression (12) as:

N '
L YT LY,
’7T,y = Z:I—'{l—()’ (18)
> T)
the elasticity of total revenues with respect targes in total income is then given by
2T ()

,7T,y ’ (19)

>oT(v)

where ZiN:lfyw =1 holds. One way of learning the value of the newakge 77, | is to

regress it onl—ﬁ(logyi —,u), whereu is the mean of the logarithms of income (see

Lambert (1993) for a further discussion of the moptproportional case).



3. Methods and data

This paper provides results for income tax elastgiusing two different approaches. Given
the previous theoretical framework, the first metlommputes the values of elasticities by
analytically evaluating the above formulae. Theoseicmethod obtains aggregate revenue
elasticities on the basis of a numerical simulafmna large enough sample of taxpayers.
The latter procedure has a number of advantagestioedormer, namely the treatment of
non-equiproportional changes in income and thecsale use of tax credits in the
simulations.

The analytical method consists of evaluating esgioms (16) and (17). Obviously,
when the presence of tax credits is considesgdnust be evaluated using expression (10).
In any event, an assumption on income distributionst first be made. In line with
mainstream research, we assume that incomes anerioglly distributed asfz(,u, 02),

wherep ands? are the mean and the variance of the logarithniscoime respectively. To
make it easier to evaluate such expressions, we ttek simple relationships between the
moment distributions in the case of lognormal dsition from Hart (1975). Particularly, it
can be proved tha®, (4,02)= Q(u +ra,a?), whereQ, () is therth moment distribution
function.

Although (to best of our knowledge) there are naligts dealing with the distribution
of Spanish taxpayers for 2003-2008, there are dadieations that lognormal distribution
is an appropriate assumption. First, Sanz et @d9PProvide empirical evidence that both
the net income from labour (which is the main bdeisthe concept of general taxable
income used here) and the tax credits linked totgage payments (which are considered
below) followed a lognormal distribution in 2002Further support for the lognormal
assumption is given by the fact that the arithmetsan of general taxable income computed
from data is found to be very close to the arithmetean calculated from the simulated
sample.

The income tax thresholds, the arithmetic meannobme and the mean of tax

credits for all 10 income groups into which taxpayare sorted (data from Income

® See Figures 2 and 6 in their Chapter 2.



Taxpayer Statistics of the AT) are available focregear. Since the number of thresholds is
not the same as the number of taxpayer decilegraugp the amounts of tax credits to fit
them to the thresholds; the reasonably good mattivden the groups of taxpayers
according to general taxable income and the 10necgroups used in the statistics made
this task easier (and increased the confidencd)leMee only tax credit considered in this
paper is that for money invested in the purchasetmabilitation of housirfy

A common value of 0.5 is taken as the varianceneflbg of income for the whole
period; this is the figure used by Creedy and Gelin(@602) in their numerical exercises
and is very close to those used by Creedy and Gér(2083) for the UK in the nineties. In
any event, a sensitivity analysis of our estimaiesggregate elasticity with respect to
changes in the variance of log of incomfewas carried out on the basis of analytical
methods. The results are discussed below.

The above theoretical model also allows the agdeegdfective marginal and

average tax rates to be computed. Defining theéomzitl(%jf( ), i.e. as an income-

share weighted average of individual marginal &tes, the aggregate effective average tax

rate is obtained on the basis of expressjon :%; , Where the capital letters refer to

aggregate concepts. Obviously, in the continuoge,caummation of individuals must be
replaced by an integral and the weighted averagenguted using the moment distribution
functions evaluated at threshold values.

Additionally, we applied an alternative method lihse generating a simulated

population of taxpayers who pay their taxes andceggive individual values aitr and
atr . When their individual elasticities are convenignweighted, a value for aggregate

elasticity is obtained. The details of this simaatmethod are explained below.

First, we generate annual samples of 20,000 indalg) assuming a lognormal
distribution of income, whose arithmetic mean inesnand variance of log of incomes are
the same as in the analytical case. Each of the®sples contains both taxpayers who are

entitled to use tax credits related to investmanhausing and taxpayers who are not; the

® They affect a range of between 36% and 46% ofl t@bgpayers. Remaining tax credits are not very
significant in terms of beneficiaries.
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proportions of each type of individuals are giventbe data from the Income Taxpayer
Statistics of the AT. Second, each individual fa¢he corresponding tax rates and
thresholds of income tax, defining individual ma@iand average tax rates; the distribution
of tax credits across entitled taxpayers also ¥adlahe information from the Income
Taxpayer Statistics. By contrast with the analytt@se, this simulation approach allows for
a better match between the official data, which greuped in 10 income brackets as
mentioned above, and the assignment of different c@dits to different individuals.
Finally, individual tax rates are weighted to gilve aggregate tax rates, which lead to the
estimates of revenue elasticities.

Moreover, with the simulation method income taxsgties can be computed

assuming that changes in individual incomes are-agunproportional, i.e.ﬂ;«t%. In

Yi
this sense, we study what happens to the aggregataue elasticity for each year if the
poorest taxpayers increase their incomes moreegs) lthan the richest ones. The poverty
line is set at the first threshold (e€41.3,800 of taxable income in 2003); people below thi
threshold are considered as poor. The parameteifietbtb take this issue into account is

n, v inexpression (19). Equalising (disequalising)rayes mean a value of this elasticity of

more (less) than 1 for poor taxpayers; given thestraint thatz:iﬁyi,y =1, the values for

rich individuals will be just the opposite, and itheagnitudes will also depend on the
proportion of taxpayers below the poverty line.

A few words must be said about the 2007 Spanistmectax reform. We focus here
on the main changes related to the estimates ofeaesnue elasticity under the simple
theoretical model that we use as our framework:

- The tax scale applicable to the general componktdaxable income was

reduced from five brackets to four.

- The highest marginal tax rate was decreased frovh 4543%. The rest of

marginal tax rates remain unchanged at 24%, 28%3a%d

- Personal and family allowances were increased.eS207 they have been

included as general rule in the first income brackaich is taxed at a zero
rate. Similarly, given the findings by Sanz et(2009), the new treatment

of these personal and minimum allowances can be aee credit tax of

11



24% (the minimum tax rate) of the amount of sudbveances$. Until 2007,
they were deducted from the tax base, which deedetiee progressivity of
taxation.

- Additionally, in order to support household purdhggpower, an additional

tax credit of€400 was granted to working and self-employed tagpayn
2008.

The extent of the thresholds were modified evergr yeexcept in 2004- to take the
effect of inflation on nominal magnitudes into asog according to government forecasts
of price increases (which were usually lower thiae actual increases). Table 1 reports the
thresholds and marginal tax rates in place in 22033 for levying general taxable income.
Finally, it is worth noting that both the methodgilcal approaches used take into account
the presence of a housing tax credit, which comsias a general rule- of a credit of 15% of
the amount invested in acquiring or refurbishing taxpayer's habitual residence, up to a

maximum levél.

Table 1: Income tax structure, 2003-2008

Income tax thresholds Marginal tax rates

a a, a, a, A t t, t; t, tc
2003| 1 4000 13800 25800 450000.15 0.24 0.28 0.37 0.4p
2004 | 1 4000 13800 25800 450000.15 0.24 0.28 0.37 0.4p
2005| 1 4080 14076 26316 459000.15 0.24 0.28 0.37 0.4p
2006 | 1 4161 14357 26842 46818.15 0.24 0.28 0.37 0.4p
2007 | 1 17360 32360 52360 - 0.24 0.28 0.37 0.43-
2008 | 1 17707 33007 53407 - 0.24 0.28 0.37 043 -

Note: Decimal values have been ignored in the ohtimesholds. Source: Spanish National Tax Adrhiaim®n.

Table 2 shows the mean income figures and the teglits linked to housing
investments by tax brackets. As mentioned aboveialfstatistics give information on all

tax variables by deciles of net income. Consequehdth these tax credits and the personal

" sanz et al. (2009) find that for 99.22% of incorae returns the minimum allowance replicates aditax
credit of 24% on the amount of the allowance.
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and family allowances shown below in Table 3 areuged to match the corresponding
thresholds.

Table 2: Basic statistics on income and housing taxedits (by tax brackets)

2003
2004
2005
2006
2007
2008

Mean  Housing tax credits Housing tax credits Housing tax credits Housing tax credits Housing tax credits
income 1% threshold 2" threshold 3 threshold 4" threshold 5" threshold
14050 648 705 871 1059 1390
14548 651 702 861 1045 1313
15282 679 726 872 1050 1314
16206 730 773 908 1076 1382
18067 663 822 910 1051 B
18765 713 849 932 1131 B

Note: Decimal values have been ignored. SourceniSipdNational Tax Administration

Table 3: Personal and family allowances (by tax biekets)

2007
2008

Personal and family Personal and family Personal and family Personal and family
allowances. 1 threshold allowances. ¥ threshold  allowances. 8 threshold allowances. & threshold
966 1599 1610 1625
976 1626 1640 1672

Note: Decimal values have been ignored. SourceniSipdNational Tax Administration

4. Results

Given the two methodological approaches describede a set of estimates of tax revenue

elasticities are reported here that distinguishttwretax credits are considered or not. Table

4 shows the aggregate income tax elasticities attununder different assumptions and

methods. The two first columns refer to a situatiomhich no taxpayers have access to tax

credits related to housing purchases; the nextctvilomns deal exclusively with individuals

who benefit from such tax credits; finally, coluf\f) reports the results of the simulation in

which both types of taxpayer are taken into accaanrd proportion equal to their weights as

per real-world data.

8 Before 2007, this percentage could be higher uoeeain circumstances, for instance when usinggages
and for the first two years.
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Table 4. Aggregate income tax elasticities

(1) (11 (i) (V) (V)
2003 1.2643 1.2630 1.6580 1.6208 1.3809
2004 1.2659 1.2647 1.6377 1.5993 1.3995
2005 1.2673 1.2680 1.6261 1.6024 1.4011
2006 1.2691 1.2677 1.6234 1.5885 1.3978
2007 1.6295 1.6423 2.0578 1.9317 1.7358
2008 1.8305 1.7821 2.4455 2.0850 1.8752

Notes: (I): Analytically without tax credits; (I)Simulation without tax credits; (ll): Analyticgllwith tax
credits; (IV): Simulation with tax credits; (V): @ulation with and without tax credits.

Whichever family of estimates is considered, itlisar that the 2007 fiscal reform
yields a substantial increase in income tax eli@gtiEor the simulation based on a sample of
individuals with and without tax credftscolumn (V)- the estimates range from around 1.4
for 2003-2006 to between 1.7 and (almost) 1.9 iA72Gnd 2008. The main explanation
behind this is that from 2007 onwards income taxuides a new tax credit (linked to
personal and minimum allowances) which decrease8akility, as explained above. As a
result, although the marginal tax rates are shkglotiver (see below) there are major changes
in average tax rates, which decrease by more thaefcent from 2006 to 2007.

When no tax credits related to housing investare considered —columns (I)
and (11)- the coincidence between the analyticgrapch and the simulation method is very
high until 2007. This feature has previously be@mnied out by Creedy and Gemmell
(2002, 2003) for other cases. However, after th@/Jdscal reform slight differences arise
due to the fact that the simulation procedure dussconsider those taxpayers whose tax
liability is negative or zero after tax credits agplied (personal and family allowances and
the €400 tax credit in 2008). By contrast, the analytical approach has no efagmoving

those individuals from the general computationla$ecity.

° In a sense, the elasticities reported in columnc@n be considered as the benchmark values asd thisich
are most reliable as long as they are based aaliatie enough composition of the taxpayer sample.

19 As a result of this deduction 6400, which was not applicable in 2007, the discnejess between the two
methods are greater in 2008.
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In the case of elasticities estimated under themapson that all taxpayers benefit
from tax credits linked to housing investments,hieigelasticities are obviously obtained.
Again, the underlying explanation is the major i&en in the average tax rate which takes
place when such tax credits are considered. Atsowider gap between the two approaches
from the 2007 tax income reform onwards is basethemumber of individuals who, after
facing the tax schedule and applying the corresipgriax credits, show a negative (or null)
final tax amount. These taxpayers are ignorederstmulation method but are considered in
the analytical one. Given the major importance uarditative terms of tax credits after
2007, a significant discrepancy between the twagulares is expected (and confirmed) for
the last two years.

An indication of the good match between the pertoroe of our simulation and data
from the AT comes precisely from the number of wlials whose final tax is negative.
The numerical simulation finds that 18 per centhe 20,000 potential taxpayers in 2008
had to pay no taxes. Data from tax statistics atei@ percentage of about 23 per cent that
year. The two figures are relatively close if ita&en into account that they are not directly
comparable (the data from the AT include not ohky taxes to be paid on labour incomes -
as in our exercise- but also those levied on inctyoma capital).

Our estimates can be connected with those foundiqugly by other authors.
Creedy and Sanz (2010), using a different appré&ach ours, obtain a figure of 1.35 taking
into account different sources of income, eligiblgenditures, allowances and tax credits.
When only two sources of income are used, theieiysbf tax revenue with respect to
gross income rises to 2.10 in 2007.

A number of similar papers with close results carmgboted for a variety of samples
and periods. Dorrington (1974) gives figures oflesn 2.43 and 2.10 for the UK for 1963-
1971. Hutton and Lambert (1980) find elasticiti¢sbetween 1.91 and 1.83 for the same
country in 1973-1978. Also for the UK, Johnson draibert (1989) provide estimates
ranging between 1.5 and 1.6 for the early eighlissing cross-section regressions at US
state level for 1949, 1959, 1969 and 1979, RamX)188timates elasticities of around 1.6;
slightly lower values (1.3-1.4) are obtained whée t1980s are analysed. Creedy and
Gemmell (2003) find figures of between 1.2 andftirahe UK for 1989-2000.
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Seeking reasons for the substantial difference émtwncome tax elasticities in the
periods 2003-2006 and 2007-2008 other than taxyachanges arising from fiscal reform,
we noted that the share of taxpayers entitled twetitefrom the tax credit for housing
investments in 2006 was higher than in 2007 (46339 respectively). A lower proportion
of beneficiaries of tax credits means a higheragyetax rate, so this change implies a lower
income tax elasticity, which is just the oppostdevhat our results indicate.

Consequently, the increase in estimated elastiogtiiveen 2006 and 2007-2008
cannot be attributed to a greater use of housixgrdits. If the elasticity of income tax in
2007 is computed using the same distribution oeberaries of tax credits as in 2006, the
values obtained are 1.6400 (to be compared to goliiy simulation without tax credits),
1.9400 (column (1V), simulation with tax credit9)cal.7624 (column (V), simulation with
and without tax credits).

A final comment on Table 4 is that after the 206fbrm the differences between the
estimated benchmark elasticity (column (V)) andsthestimates using samples with all
taxpayers with tax credits in housing or all taxgraywithout such tax credits are smaller.
The benchmark figures are always higher than tiseh consider only taxpayers without
tax credits and always lower than the estimatedtielaes with all individuals using tax
credits, but both differences are smaller in 20@htin 2006. In a sense, the design of the
new income tax inserts a convergence force betwsetwo approaches as long as a new
tax credit (related to personal and family allones)¢ which decreases final tax liability, is
included in 2007. This is especially true in thed@lowithout tax credits linked to housing
investments. Nevertheless, the way in which theérmim personal and familiar allowances

are taken into account is the same in both models.

Table 5: Elasticities with non-equiproportional changes
2003 2004 2005 2006 2007 2008

Equalising changes 13675 1.3859 1.3893 1.3865 1.7197 1.8565
Disequalising changes 13942 1.4130 1.4130 1.4091 1.7520 1.8939

The above theoretical model allows us to contwolthe impact on tax revenues of

non-equiproportional changes in income. The aradygxpression used here is (19), which
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includes the ternm,, , to reflect how sensitive individuék income is to an increase in the

aggregate income of countyy As explained in Section 3, the two scenarios gésug and
disequalising) refer to (more than or less tharpprtional) changes in the income of the
group with the lowest incomes; obviously, this aparaffects the income of the richest
taxpayers inversely.

Table 5 provides a synthesis of the results, shgwinly the estimates of tax
elasticities obtained when the poorest individusds their income increase by 1 per cent
more than the aggregate income (equalising), arelwersa (disequalising) It is clear that
income tax elasticity diminishes when an equalisthgnge takes place, and the opposite
happens when disequalising movements are considered

The reason for this lies in the progressivity afame tax. Individuals with higher
levels of income face higher marginal tax rates, aotisequently, show higher income tax
elasticity; hence, when relatively rich taxpayerperience an increase in their income
higher than that of the poorest, the taxes that gag will increase by more than the final
tax paid by the poorest. This leads to a greateghwef the higher individual elasticities of
the richest taxpayers than the lower values ofpth@rest. This results in higher aggregate
income tax elasticity when disequalising changés talace. This finding is in line with
previous references, particularly Creedy and S2az().

Moreover, we have found that the gap between ¢émettmark elasticity —the figures
in column (V) of table 4- and those from non-eqaportional changes in income widens
after the 2007 fiscal reform. Moreover, the diffeczes become greater as the intensity of
equalising or disequalising changes increases. iSh#te distance between the benchmark
elasticity in 2006 (1.39) and the elasticity congugutinder the equalising assumption (say
n, v =12) also in 2006 (1.17) is smaller than in 2007 (1vésus 1.41, respectively) for

the same equalising situation. The same is trug¢hé case of disequalising changes.
Leaving aside non-equiproportional changes innme@rowth, the issues concerned
with income inequality and aggregate income tastaldy have not been studied on an
empirical basis. To the best of our knowledge,dhly reference on this point is a paper by
Hutton and Lambert (1982), who offer a numericatidation which has no direct link to

1 Results obtained with other figures for the intgnsf (dis)equalising, e.g. 2 per cent, 5 per cédtper cent
and so on, are available upon request.
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data from the real world With the aim of covering this gap at least intpare compute
aggregate income tax elasticities using our arwytapproach, taking the empirical

information for each year and different valuesdf

Table 6: Sensitivity of tax revenue elasticity toricome inequality

o’ 2006 2007 2008
0.2 1.6159 2.1156 2.5332
0.3 1.6256 2.1036 2.5108
0.4 1.6274 2.0830 2.4808
0.5 1.6234 2.0578 2.4455
0.6 1.6156 2.0307 2.4077
0.7 1.6053 2.0032 2.3692
0.8 1.5937 1.9762 2.3310
0.9 1.5812 1.9501 2.2940
1 1.5685 1.9250 2.2584
1.1 1.5556 1.9011 2.2243
1.2 1.5429 1.8785 2.1920
1.3 1.5304 1.8569 2.1613
1.4 1.5183 1.8365 2.1321
1.5 1.5065 1.8172 2.1045

Table 6 shows the results for 2006-2008 takingntioelel with tax credits linked to
housing investment as a reference. In fact, thesrges relationship between income
inequality and income tax elasticities found by tdatand Lambert (1982) is also detected
here for the Spanish cd3eThe higher the income inequality, the lower theome tax
elasticity. This feature becomes more intense #fte2007 reform and is even increasing in
time (see how the ratios between our benchmarkevaith ¢* =0.5 and those reported for
differents® are lower for 2007 than for 2008).

However, when the model without tax credits linkid housing investments is
considered, there is not such a clear pattern #wicase with tax credits. In fact, although
the results are not reported hérethe univocal inverse relationship between income

inequality and tax revenue elasticity does not Holdvalues ofs® below 0.5. For higher

12 Based on an econometric approach, Dye and Mc@L@@1) provide evidence which confirms that income
inequality is not a trivial issue for estimatingame tax elasticities.

13 Strictly speaking, this is true except for thesékity computed for 2006 whest =0.2. According to the
above relationship, a higher value for this eldstisould be expected here.

4 They are, however, available upon request.
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levels of inequality, our results are in line, gttatively and qualitatively, with those found
for the model with housing tax credits.

One of the most significant tax policy issues deaith the impact of modifying
thresholds to adapt them to inflation. As is welblvn, when thresholds are not updated to
take price increases into account there is fiscad,dwhich has implications for income tax
revenues and, consequently, for estimates of tsentee elasticities.

In this sense, we analytically compute the eldastg of Spanish income tax in 2008
and 2005 using tax brackets whose amounts are eg@datording to the inflation which
effectively took place. These results are companetiable 7 to those obtained previously

applying a lower growth rate of price increasetipatarly that forecast by the government.

Table 7. Tax revenue elasticities with adjustment®r inflation

2005 2005 with real inflation| 2008 2008 with real inflation
Without tax credits | 1.267 1.266 1.830 1.828
With tax credits 1.626 1.625 2.445 2.442

Although elasticities decrease when thresholds aal@pted to real inflation, the
differences with the previously estimated figuresiasignificant. The discrepancies arise at
the level of the third decimal, so it can be codeld here that the impact of fiscal drag on
elasticities is negligible. Obviously, in a contewith higher inflation rates, strongly
discordant with those used by the government falatipg tax bracket limits, a decrease in
estimated elasticities is to be expected.

This comes from the fact that increasing the thoktshmakes it more unlikely that
an exogenous increase in income will lead to adrghtr (indeed, themtr will remain
unchanged for many taxpayers) whereasathavill be higher when the individual is richer.
This is due to the mere presence of thresholdsgtwitiake income tax progressive and,
consequently, increase thtr even within the same tax brackets.

However, using the analytical method can be praved a tax function where the
value of the first threshold substantially deviatesn 0 does not yield lower elasticities
when the thresholds are updated according to thkiméation rate. This is what would

occur in the case of the UK versus what we havaddar the Spanish case.
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Table 8. Effective marginal and average tax rates

Effective Effective Effective Effective  Effective Effective
MTR without  ATR without MTR with ATR with MTR ATR
tax credits tax credits  tax credits  tax credits
2003 0.2994 0.2371 0.2953 0.1822 0.2978 0.21b7
2004 0.3035 0.2400 0.2997 0.1866 0.3023 0.2280
2005 0.3045 0.2401 0.3009 0.1878 0.3028 0.2161
2006 0.3092 0.2439 0.3080 0.1939 0.3086 0.2208
2007 0.3006 0.1830 0.2854 0.1478 0.2949 0.1699
2008 0.2959 0.1661 0.2782 0.1334 0.2896 0.1545

A minor question here, which stems from the corapomh of income tax elasticities,
is the discussion on effective marginal and avetagerates. Strictly speaking, we do not
offer the standard effective tax rates used in Eafcusing on redistributive implications
of fiscal reforms. Rather, we report the underlyiag rates supporting our estimates of tax
revenue elasticities (in a similar way to Huttord drambert 1980). Recall that we use the
concept of taxable labour income (rather than gnossme), leaving aside a number of tax
credits which may have impact on income inequalitgl redistribution through taxes.

In general, the 2007 fiscal reform breaks a sligtward trend in both tax rates over
the period 2003-2006. This change is especialgnisg in the case of the average tax rate,
which decreases by more than 5 percentage poitvedér 2006 and 2007. The reduction in
the marginal tax rate is stronger in the model wath credits for housing investments while

the average tax rate falls especially in the madglout such tax credits.

5. Concluding remarks

This paper estimates the elasticities of Spanisbnre tax in 2003-2008, a period which
includes the substantial fiscal reform that tooscpl in 2007. The standard wisdom sees
income tax as a progressive tax, with marginakédgs higher than average tax rates, so that

an exogenous increase in income leads to a moneptio@ortionate growth in tax revenues.
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However, as long as government resources are imdkeeby a number of factors, data may
hide useful information. This is the case of SpamEome tax revenues, where the official
reports by the AT show elasticities below 1 for gomcent years.

Our aim here is to isolate the impact of progsegsion tax revenues, excluding
other factors such as policy changes, tax evasmhsa on. Hence, using two different
methods (an analytical approach and a simulati@tguture), we compute the extent to
which tax revenues increase when taxpayers’ incgoes up marginally. We take into
account some particular features of the Spanishsyaxem, namely the presence of tax
credits for purchasing houses and the implememtatio a major fiscal reform, which
decreased tax rates and introduced personal anity fahowances treated as tax credits,
among other things.

Our results show that aggregate income tax eitissticange from 1.4 for 2003-2006
to 1.7-1.8 for 2007 and 2008. Clearly, the 2007 refwrm raised the sensitivity of income
tax revenues to exogenous changes in income targa@dviously, these results vary
according to the way in which housing tax credrs eonsidered (higher elasticities when
such tax credits are extensively used).

These findings are compared with others obtainechbdifying some of the initial
assumptions. If non-equiproportional changes inpasgers’ income are considered,
equalising changes which increase the income of pwlividuals more are seen to reduce
aggregate income tax elasticity, and vice versaalyically, we also conclude that the
higher the income inequality, the lower the incotae elasticity, although this result must
be qualified under certain circumstances. Moreower show that correcting for fiscal drag
from inflation decreases elasticity only insigréfitly. These two procedures also allow the
average and marginal effective tax rates to beimdda and confirm that the increase in
aggregate income tax elasticity after 2007 is supdoby a more intense decrease in
average tax rates than in marginal tax rates.

We believe that investigating aggregate tax eldistscis a relevant issue for many
developed countries. As is well-known, the neethtoease government resources is crucial
in current fiscal consolidation processes. In régarincome tax in particular, we know that
increasing tax rates may have substantial effigierusts; and the war against tax evasion

must pass a prior cost-benefit analysis whose fieallt is not evident in many cases.
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Hence, the hope of many governments lies in cagjuie increase in tax revenues that
stems from economic recovery. Therefore, it is i@uto have estimates (which are as
precise and robust as possible) of aggregate &sti@ties to draw up credible, realistic
plans for cutting budget deficits.
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