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Abstract

Between 1988 and 1993 the Belgian personal income tax system and the indi-
rect tax system have been reformed to a considerable extent. We use microsimu-
lation models to investigate the impact of the reform on the liability progression
and the redistributive effect of the combined tax system. The redistributive ef-
fect of personal income taxes decreased, notwithstanding an increase in liability
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progression. For indirect taxes, both the liability regressivity and the reverse redis-
tributive effect have been enhanced. We use recently developped statistical tests
to gauge the significance of the observed changes.

KEY WORDS: Personal Income Taxes, Indirect Taxes, Tax Reform, Post tax
Income Redistribution, Tax liability Redistribution.

JEL Classification: D63, H24

1. Introduction

Between 1988 and 1993 the Belgian personal income tax (PIT) system has been
reformed to a considerable extent. Major elements of this reform were the reduc-
tions of the top rates, broadening of the tax base and a move from joint taxation
into the direction of individual taxation. The whole set of measures implied a tax
cut. This revenue loss was partly compensated by an increase in indirect taxes
over the period between 1988 and 1993. Simulations show that, despite the in-
crease in indirect taxes, the global tax revenue decreased with 4% (see Decoster,
Standaert, Valenduc and Van Camp, 1998, p. 65 ). The PIT reform, in combina-
tion with the reform in the indirect tax system, also led to a change in the mix
of both instruments. In 1988, PIT made up 57.8% of the joint PIT and indirect
tax revenue. But, its share decreased to 53.8% in 1993!.

The Belgian PIT reform was very much in line with the Tax Reform Act of 1986
in the USA (TRAS86 ), and hence with the type of income tax reform that swept
the Western countries a large decade ago®. The shift in the direction of indirect
taxes seems much less common. Although such a shift has been advocated for in

several other countries, the UK seems to be one of the rare exceptions where it

! These shares are also based on the results of simulations in Decoster, Standaert, Valenduc
and Van Camp (1998).
2See Messere (1998), p. 10 - 12 and Sommerhalder (1992).



really has been implemented?®. Therefore we document on both reforms separately,
and on their joint impact, in this paper.

While one might expect that the increased reliance on indirect taxes implies
a regressive move, it is much less obvious to hypothesise about the impact of the
PIT reform and consequently about the impact of the global tax reform. Indeed,
the reduction of the top rates and base broadening have opposite effects on the
tax liabilities to be paid after the reform. Moreover, in the aftermath of TRA86
much attention has been devoted to judge the impact of the PIT reform in the
USA and these studies tend to come up with mixed evidence. Some argue that
the reform increased progressivity while others say it went down*.

As it turns out, the conclusions about TRA86 tend to depend on the pro-
gressivity concept that is used, on a number of data issues such as the exact tax
concept, the income concept and the use of equivalence scales, and on modelling
assumptions among which the assumptions about behavioural reactions seem to
be the more important ones. Moreover, most studies do not take the recommen-
dation to heart of Bishop, Chow, Formby and Ho (1997) to use statistical tools
that check the significance of the changes in progressivity measures. Finally, these
TRAS86 studies used different data sets for the pre and post reform situation (viz.
data sets preceding 1986, and data sets from after 1986). This brings in differ-
ent pre-tax income distributions, which of course is relevant information if the
objective consists of an evaluation of the overall change in the after tax income

distribution. But, if the sole concern is to separate out the impact of the tax

3See Messere (1998), p. 8 and Giles and Johnson (1994).

4For a recent survey of a broad range of studies, see Auerbach and Slemrod (1997) and the
references therein. For evidence that TRA86 decreased progressivity, see Bishop, Chow, Formby
and Ho (1997).



reform itself, these different pre-tax distributions do more harm than good.

In this paper we try to avoid many of these pitfalls. The reform under study
is the 1988 PIT tax reform in Belgium, followed by indirect tax increases up to
1993. We keep the pre-tax income distribution fixed by using the same data set
to simulate the tax liabilities of the 1988 and the 1993 system. The simulations
are carried out by means of two different microsimulation models, one for PIT,
and one for indirect taxes. These models run on two different underlying data
sets, but we combine the simulated tax liabilities into one single data set by the
aid of a statistical matching technique.

Our aim is to sketch the impact of the tax reform on the redistributive power of
the system. A quick plunge into the literature shows how manifold the meanings
are, attached to the term ”redistributive”. Especially in the vulgarizing papers
and publications, the distinction between ”redistribution” and ”progressivity” is
often lost from sight®. The basic distinction is the one between the change in
the after tax income distribution, provoked by the tax system, and the dispropor-
tionality of the tax system, measured as the deviation of the distribution of tax
shares from the shares obtained from an equal yield proportional tax. Following
Lambert (1993) we call the first concept "redistributive effect” and the second
one "liability progression”.

The Reynolds-Smolensky-index and the Kakwani-index, respectively, are one
set of possible indices to summarize these two characteristics of a tax system,

and the relation between the two is well understood. In this paper we present

>Many policy proposals contain prescriptions such as ”designing the tax reform as distrib-
utionally neutral”, notwithstanding the lack of a precise description of what is meant by this.
TRAS86, however, is one of the rare exceptions that did specify this distributional neutrality, viz.
as equal percentage reductions in tax liabilities at all income levels (see Mc Lure and Zodrow,
1987, p. 44). Clearly, this refers to keeping the liability progression constant.



these indices and their standard errors, both for PIT, the indirect taxes and the
global system before and after the reform. But our microdata also allow us to go
further. In addition to the indices themselves, we likewise provide the detailed
Lorenz and concentration curves, underlying these indices. This not only gives
a more detailed picture of the effect of the tax reform through the income scale.
The main advantage lies in the avoidance of the choice of specific aggregation
procedures, indispensably associated with index values. In this we follow the
approach, fruitfully applied by Bishop, Chow, Formby and Ho (1997) for TRASG6.
Moreover, some recently published papers provide the tools to take into account
the importance of the sampling errors when Lorenz and concentration curves are
compared®.

In section 2 we discuss the simulated reforms. Section 3 deals with the data
and the simulation models that have been used. The methodology to measure the
redistributive effect and the liability progression is summarized in section 4, and

empirically applied to the Belgian tax reform in section 5. Section 6 concludes.

2. The simulated tax reforms
2.1. The reform of the personal income tax system’
The first major element of the tax reform was ”base broadening”. Many deduc-

tions, applied on gross income, were discarded and replaced by tax credits. There-

fore, the concept of ”taxable income” was altered significantly by the reform. The

¢See Bishop, Chow and Formby (1994) and Davidson and Duclos (1997).

"We sketch the major differences between the 1988 and 1993 PIT system. Hence, so to
speak, the reform refers to all the measures that have been implemented between 1988 and
1993, although they have not been realised by a single tax reform act. Note that if we refer
to 1988 or 1993 for the PIT system, that this implies reference to the administrative tax years
1989 or 1994, respectively.



reform also tightened the possibilities to deduct costs from professional income
such as expenses on visiting restaurants and professional clothing. Before the
reform, expenses on life insurance contracts were treated partly as a deduction
and partly as a tax credit, while after the reform they are entirely treated as
a tax credit. This uniformisation has led to a tightening of the compensations
for life insurance contracts in the tax system after the reform. In the 1988 PIT
system capital redemptions due to mortgage loans, payments to group insurance
contracts and contributions to private pension funds could be deducted. The 1993
PIT system uses tax credits instead of a deduction in all these cases. The reform
also installed a more generous deduction for charity gifts and some expenses for
child care could be deducted after the reform, while not before the reform. But
in general, the deduction possibilities were more restricted after the reform.
Secondly, taxable income was imported into different tax schemes before and

after the reform. Three major differences can be distinguished.

e A thorough restructuring of the tax rates: broader and less brackets, lower

marginal tariffs at the top.

e The zero rate bracket, applied before the reform, was abolished. After the
reform basic allowances were installed to compensate for family structure

(e.g. spouse and dependent children).

e Full separate tazation of the main income earned by spouses (labour income,

unemployment benefits, pensions, etc.) after the reform.

The reform has reduced the number of tax brackets from 14 to 7. Especially,

the changes for the higher income levels are striking. Before the reform 4 different



rates ranging from 56.5% to 70.8% were applied on income above BEF 1,574,000.
After the reform, these income levels only face rates of 52.5% or 55%.

Before the reform the first bracket of the scheme (BEF 0 to BEF 120,000) was a
zero rate bracket and dependent children entitled the taxpayer to tax credits. The
reform substituted ”exemptions from the bottom up” for the zero rate bracket,
and made this basic allowance a function of household composition (i.e. being
married and having dependent children). The basic allowance in 1993 amounts
to BEF 186,000 for a single person, and BEF 146,000 for each partner of a mar-
ried couple. Dependent children push the exemption level up by BEF 39,000,
BEF 62,000, BEF 127,000 and BEF 141,000 for the first, second, third and fourth
child respectively.

Full separate taxation of professional income and the creation of the ”wedding -
fraction” for spouses was one of the core elements of the PIT reform. Before the
reform a rather low joint income ceiling determined whether professional income of
a two-income earner family was taxed jointly or separately. Above the threshold,
joint taxation was the rule, which in a progressive system could lead to a large
discrepancy in the amount of taxes paid by a married couple as compared to
a cohabitating, but non - married, couple. To cope with this problem, the new
system attributes to each partner the income components that are associated with
his own professional activity. This separate income concept covers wages and
salaries paid to employees but also replacement incomes such as unemployment
benefits and retirement pensions. Other sources of income, such as real estate
income or income from movable property, are still attributed to the partner with
the highest amount of professional income. To compensate families with only

one income earner for this ”favourable” tax treatment of double income families,



the system of "wedding - fraction”, designed to cope with unequally distributed
household income, was continued and enlarged. If one of the spouses earns less
than 30% of the total amount of professional income of the couple, this partner
is attributed an amount as if he would have earned this 30%®. The income of
the other partner is reduced with this amount. This reshuffling of taxable income

among spouses is limited to an amount of 297,000 BEF in the 1993 PIT system.

2.2. The reform of the indirect tax system

The main change in the indirect tax system took place in April 1992. This reform
intended to bring the Belgian indirect tax system more in line with EC recommen-
dations that prescribed a normal rate of at least 15% and one or two rates of at
least 5%. Before the reform, seven different VAT rates were applied (0%, 1%, 6%,
17%, 19%, 25% and 33%). The newly installed government decided to drop the
rates of 17%, 25% and 33%. The normal rate became 19.5%. The reduced rate
of 6% was maintained and a second reduced rate of 12% was introduced. Hence,
still five different VAT rates are applied after the reform (0%, 1%, 6%, 12% and
19.5%).

To compensate for the decrease of the VAT rate on car fuels, excises on these
products were simultaneously increased. This increase in excises was only one step
in a continuous increase of excise taxation on these products during the period
of investigation. Per litre of gasoline, the consumer paid an excise of 11.2 BEF
in 1988 and 18.45 BEF in 1993. For gasoil the figures are respectively 5.25 BEF
in 1988 and 11.33 BEF in 1993. The same continuous increase in excise holds to

a lesser extent for cigarettes, although in this case it has been offset partially by

8Note that this system also applies for two income earner families, if the wedding fraction
produces a lower tax liability than the separate taxation does.



a decrease in the ad valorem tax. The excises on most other products remained
constant throughout the studied period, which implies an effective decrease of the
tax burden. The impact on the consumer price of gasoline (+31%), gasoil (+39%)
and tobacco products (+12%) has been substantial. The abolition of the VAT

rate of 33% and of 25% shows up in a price decrease of durables (-3%).

3. The data and simulation of the reforms

We use two different microsimulation models, with different data sets, to simulate
the PIT reform and the indirect tax reform. We combine these data sets with
a statistical matching procedure, to end up with a single data set that could be
used to evaluate both reforms.

Personal Income taxes are simulated with the microsimulation model SIRe,
which uses a sample of administrative data’. This sample, referred to as IPCAL,
consists of 10,343 tax forms entered in 1994'". As a consequence the units of
observation are administrative units. In principle these units are individuals, since
each Belgian citizen that is gaining a sufficient amount of income has to enter a
tax form separately. However, married couples enter only one tax form. People
with income below some threshold do not have to enter a tax form''. Therefore,
the sample does not cover the whole population.

Both the 1988 and 1993 PIT system have been simulated on the same data

set'?. Since no behavioural responses were available in SIRe, gross income is kept

9See Standaert and Valenduc (1996) for more information on SIRe.

10Hence, the reported income figures are expressed in prices of 1993.

' For some people, such as those receiving only replacement income, it is obvious that they
will not have to pay income taxes. After a number of years these people do no longer receive a
tax form from the administration. They only have to contact the administration if their income
condition has changed.

12To express nominal figures in the tax legislation of both systems at the same level, we used

9



constant between 1988 and 1993.

The indirect tax reforms are simulated with the microsimulation model
ASTER®. The basic data set of this model is a household budget survey. This
survey covers 3,235 households and has been designed as a representative sample
of all households living in Belgium. A household is defined as all people living
under the same roof, using the same accommodation and deciding commonly on
their expenditures. The households in the survey have been asked to register
their expenditures between May 1987 and May 1988. Besides the very detailed
expenditures at the household level, the budget survey also contains information
on labour income and most social security benefits of the individual household
members. However, since all income information in the budget survey is net of
taxes, it was not possible to simulate the PIT reform on this data set. Hence, we
only used the budget survey to simulate the indirect tax liabilities before and after
the reform of the indirect tax system. The detailed demand system, available in
ASTER allowed to take account of behavioural reactions provoked by the change
in relative prices, and real income. The total amount of household expenditures
was kept constant for the simulation'.

A major problem consists of the difference in the unit of observation for both
data sets. The budget survey contains households. TPCAL is a set of adminis-
trative units. Since the information needed to combine these administrative units

in IPCAL into households is not available, households in the budget survey are

the change in the consumption price index. This index increased from 100 to 115.8 between
1988 and 1993. See Ministerie van Financién (1994), p. IV 4.

13See Decoster (1995) and Decoster, Delhaye and Van Camp (1996) for more information on
ASTER.

14This amounts to the assumption that the change in disposable income, provoked by the PIT
reform, is completely absorbed into savings.
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first split into administrative units, similar to those used in IPCAL. To do so, we
apply the administrative rules on the information that is available in the budget
survey. We then inflate the nominal variables in this disentangled budget survey,
to make the levels comparable with those observed in IPCAL'. Since the adapted
budget survey and IPCAL have a number of variables in common, we can estab-
lish a link between the two data sets by minimizing a distance function over these
common variables. In Decoster, Standaert, Valenduc and Van Camp (1998) and
in Decoster and Van Camp (2000) we describe how we have applied a statisti-
cal matching technique to combine both data sets!S. By the aid of this link, we
can transfer the simulated PIT liabilities from TPCAL to the disentangled bud-
get survey. Simply summing then the PIT liabilities of all administrative units
within a single household, results in PIT liabilities expressed at the household
level. Hence, after this operation, we dispose of PIT and indirect tax liabilities

for all households in the budget survey, both before and after the reform.

4. Measurement of redistributive effect and of liability pro-
gression

To provide insight in the operation of the different tax systems, we compare dis-
tributions realized under the actual tax system with those that would be achieved
under an equal yield proportional tax. It is common practice to implement this
idea by the aid of the Lorenz curve of pre-tax incomes and concentration curves of

post tax incomes and tax liabilities'”. This approach provides an intuitive view on

15The factor we used to inflate these figures is 1.404. This factor captures the nominal growth
of national income in the National Accounts between 1987 - 88 and 1993.

16Gee, e.g. Rodgers (1984) on statistical matching

17See, among others, Kakwani (1986), Pfihler (1987), Duclos (1993), Lambert (1993), Chap-
ter 7 and Bishop, Chow, Formby and Ho (1997). In this section we only assemble the elements

11



the impact of the different tax systems. Moreover, statistical tools to test whether
these curves differ significantly or not, are directly available.

The Lorenz curve of the pre-tax income variable X is defined in equation (4.1):

Yy
Lox) = ST 0<p<r wd p-ry) @

0
where f(z) and F(z) refer to the density function and the cumulative distri-
bution function of the pre-tax income variable X, respectively. Throughout we
will use the first term in the subscript of L to denote the variable that is used to
order the data in ascending order and the second term to denote the variable of
analysis. The average amount of pre-tax income is defined by u, and y denotes
the quantile value of X that corresponds with the population share p. The curve
in equation (4.1) also provides a summary of the post tax income and tax liability
distribution that would realize in the counterfactual proportional tax system with

the same revenue as the actual tax system!®.

To measure the redistribution of after tax incomes, provoked by the non-
proportional system in comparison with the proportional one, one compares the

Lorenz curve in (4.1) with the concentration curve of post tax income, defined in

equation (4.2):

Lyxm(p) = { & _;((f)_){f()x)dx 0<p<1l and p=F(y) (4.2)

where we use ¢(z) to denote the tax liability corresponding with income level

x, and t to refer to the overall average tax rate, defined here as the total amount

from this literature which are relevant for the empirical section. Our notation follows quite
closely Lambert (1993).
18See Lambert (1993), p. 48-49.
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of taxes divided by the total amount of pre-tax income. M symbolizes the post
tax income variable, X - T

The comparison of both curves then reveals how the post tax income shares of
the actual tax system are distributed, compared to those of the proportional tax
system. Hence, the measure I R(p), defined in equation (4.3), can be interpreted
as the fraction of post tax income that is shifted from high incomes (the top
100(1 — p) percent) to low incomes (the bottom 100p percent) because of the

disproportionality of the tax system!?.

IR(p) = Lx;m(p) — Lx;x(p) (4.3)

From (4.3) we proceed in two directions. The first is the common practice of
aggregating I R(p)-values over the p-range, to end up with one single index value
for the redistributive effect. Best known in this case is the index proposed by

Reynolds and Smolensky (1977):

1% = 2 [ [Lyarlp) ~ L (el dp (4.4

= 2/01 IR(p)dp

Of course disposing of an aggregate index of redistributive effect comes at
a price, and II% is to the IR(p)-curve as the Gini coefficient is to the Lorenz
curve: detail is lost and eventually more general dominance results are foregone

in the process of aggregation. Therefore, after the presentation of the indices

9This is a slightly restated version of the interpretation given in Lambert (1993), p. 182
since the tax liabilities in our empirical exercise are defined by more than income alone. IR is
an abreviation of post tax Income Redistribution.
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in section 5.1, we will also present and discuss the I R(p)-curves themselves in
section 5.2.

The second track we follow in the presentation of the results is a less common
one. The cumulative nature of the values of the I R(p)-curve, is essential to get
dominance results. But it hampers the analysis in terms of mutually exclusive
income groups (like deciles). Therefore we will also present the difference in I R(p)

for two consecutive population shares:
AIR(p;) = IR(p:) — IR(pi-1) (4.5)

Multiplied with the population share of this income group (p; —p;_1) this gives
the amount of post tax income which accrues to, or is taken from, the income group
in the interval [p; 1,p;] as a fraction of the total amount of post tax income, by
the redistribution of the tax system?’. In fact (4.5) identifies gainers and losers of
the non proportionality of the tax system as compared to the proportional one.
In section 5.3 we will analyse the impact of the tax reform from this perspective.

Evidently, the redistribution of post tax income, captured in (4.3),(4.4) and
(4.5) is ultimately based on the disproportionality of the tax liabilities. Hence,
alternatively, one can also focus on these tax liabilities, whose concentration curve

is defined as follows:

)

Lx,r(p) :/

0

t(z)f(x)dx

. 0<p<1l and p=F(y  (46)
I

The comparison of (4.1) and (4.6) then provides insight in the differences

20The individual at position p; is taken as a representative agent for individuals within the
interval [p;—1,p:].
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between the tax shares of the actual tax system and those of the proportional tax

system. Similarly to the I R(p)-curve we can define the measure T R(p):

TR(p) = Lx;x(p) — Lx.r(p) (4.7)

to be interpreted as the fraction of the total tax burden that is shifted from low

incomes (the bottom 100p percent) to high incomes (the top 100(1 — p) percent)
because of the disproportionality of the actual tax system?!.

Integration of T'R(p) over the p-range now yields the Kakwani (1977) index of

liability progression:
1
0¥ = 2 [ [Lxx(®) — Lya(p))dp (4.8)
1
= 2 / TR(p)dp
0

In section 5.1 we will present the II¥-indices before and after the reform, and
in section 5.2 we sketch the T'R(p)-curves to investigate the dominance character
of the results. Also for the T'R(p)-curves, the presentation of differences T'R(p;) —
TR(p;—1) will be useful to identify changes in liability progression for separate
income groups.

It is well known that I R(p) and T R(p), and hence I1%% and TI¥ are intimately
related. The relation is based on the identity (4.9):

Lx;x(p) = tLx;r(p) + (1 — 1) Lx;m(p) (4.9)
which, after subtracting tLx.x (p) at both sides and reshuffling, results in equa-

tion (4.10).

21 Again this statement differs slightly from the one given in Lambert (1993), p. 174 since
we use tax liabilities from a heterogenous tax system in our empirical exercise. TR is an
abbreviation of Tax Redistribution.
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IR(p) = ——TR(p) (4.10)

and after integration in

t
s = — 1% 4.11
T (4.11)

Both equations (4.10) and (4.11) reveal the importance of the average tax
rate ¢ in the transformation of liability progression into the redistributive effect.
Hence, in the evaluation of a single tax system both measures will show up with
the same sign. But, if the values are compared over tax systems with different
average tax rates (e.g. before and after a non revenue neutral tax reform), it is
perfectly possible that I R(p) decreases while T R(p) increases. The same holds of
course for I1%% and I1%22,

Since IR(p) is a comparison between a post tax and a pre-tax distribution,
it might also be interpreted as the change in post tax income inequality because

of taxation. However, if there is reranking, I R(p) provides a biased estimate of

this change in inequality?®. Reranking can be captured as the difference between

24

the post tax income concentration curve and the post tax income Lorenz curve

The post tax income Lorenz curve is defined in equation (4.12).

Laro(p) =/% 0<p<l and p=CG(z) (412

where, g(m) and G(m) denote the density function and the cumulative distrib-

ution function of the post tax income variable M, respectively. Now, z denotes the

22See Formby, Smith and Thistle (1990) and Silber (1994) on this point.
23See f.e. Lambert (1993), p. 185.
24Gee Duclos (1993), p. 353.
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quantile value that corresponds with the population share p, given the distribution
function G.
If there is no reranking, the measure D(p), defined in equation (4.13), takes a

value equal to zero at all population shares p.

D(p) = Lx;p1(p) — Larm(p) (4.13)

The values of D(p) are by no means the focus of this paper. We only use
the measure to check whether IR(p) measures the inequality impact of taxes
appropriately??.

The ordinates of the Lorenz or concentration curves, corresponding with some
predefined population share p, are estimated as the fraction of two sums. The

sums, defined in equation (4.14), provide an estimate of the pre-tax income Lorenz

curve.
- Z; wixil[oﬂ (2) -
x:x(p) = == 0<p<1l and p=F®H (4.14)
Z wlxl
i=1
where

][0’5] (i) = { 0 otherwise (4.15)
In these equations, n is the sample size, w; refers to the sample weight of
observation ¢ and " is used to denote estimated values. Similar estimators for

Lx.r(p) and Lx.p(p) are obtained if one replaces z; in equation (4.14) with ¢;

258ee Duclos (forthcoming) for a possible interpretation of this measure.
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and m; respectively. If one substitutes m for x and G for F' in equations (4.14)
and (4.15), one obtains an estimator for Ly, p(p).

We obtain an estimate of the curves as a whole, by combining a number of ordi-
nates, estimated for different values of p. Beach and Davidson (1983) derived that
vectors of such estimators are multivariate normally distributed asymptotically.
Davidson and Duclos (1997) extended these results for vectors with differences
between two dependent ordinate estimators, as is required for differences between

26 They proved that such vec-

estimators of Lorenz and concentration curves
tors have an asymptotically multivariate normal distribution as well, and give an
expression for the asymptotic covariance matrix.

All elements of the covariance matrix, except the conditional expectations of
the concentration curve variables, can be estimated in a straightforward way from
the expressions they provided. We estimated these conditional expectations of
the concentration curve by aid of a Gaussian Kernel estimator?’.

Since there is no obvious criterion to select the population shares for which
ordinates should be estimated, any choice is arbitrary. We estimate the ordinates
corresponding with decile population shares. Bonferroni t - intervals are used to
test null hypotheses with respect to the curve as a whole?®. We choose o equal to
5%. The critical value for a two sided test with 9 sub - null hypotheses and infinite
degrees of freedom is then 2.78%. Seber (1977) explains that using Bonferonni

t - intervals is more conservative than using the critical values from the Student

26 Bishop, Chow and Formby (1994) provide similar theorems. But, they do not give an explicit
expression of the elements of the covariance matrix, which makes their results less accessible for
empirical implementation.

27See Silverman (1986). We used expression 3.28, p. 45 to determine the bandwidth.

28GQee Seber (1977).

29Gee Seber (1977), table 5.1, p. 131.
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Maximum Modulus (SMM) distribution®’. We did not use SMM values since no
critical values were available for it with 9 sub - null hypotheses.

Also the aggregate indices and their corresponding standard errors can be
derived from these ordinate estimates®!. But this entails a loss of information,
compared to procedures that use all sample values in the calculation. Bishop,
Formby and Zheng (1998) demonstrate the asymptotic normality of Reynolds
Smolensky and Kakwani indices and also provide expressions that use all sample
values to determine the standard errors of these indices. Therefore, we use these

authors results, to calculate the standard errors of the indices.

5. Empirical results

We order households on the basis of equivalized pre-tax income. This is con-
structed as the sum of DIZ, the disposable income of household i as it is registered
in the budget survey, and PITZ, the PIT liability of household 4, paid before the
PIT reform?2%3. To equivalize we use the OECD equivalence scales**. Also the

tax liabilities are equivalized.

30See Seber (1977), p. 130

31See Duclos (1997).

32The superscript B denotes the situation before the reform. The situation after the reform
will get a superscript A .

33We do not use the pre tax income concept from IPCAL since some relevant income com-
ponents, such as family allowances, are not taxed and thus not available in IPCAL. Disposable
income in the budget survey covers all household income components.

34In this scale, the first adult is given a value of 1, each consecutive adult gets a weight of 0.7
and children counts for 0.5. One is considered a child until the age of 13.
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5.1. Aggregate measures of redistributive effect and of liability progres-
sion.
Table 1 presents the Reynolds Smolensky measures of the respective tax systems.
Not surprisingly, the PIT system shifts, on average, post tax income from top
to bottom while the reverse is true for the indirect tax system. This holds both
before and after the reform. The PIT system being quantitatively more important
than the indirect tax system (see table 2 with the average tax rates), the combined
tax system also shifts post tax income from top to bottom before and after the
reform. Yet, the reform reduced the positive value of the Reynolds-Smolensky of
PIT and it increased (in absolute value) the negative value of this index for the
indirect tax system. Consequently, the reform eroded the redistributive effect of
the combined system. The standard errors, presented in table 1, indicate that the

index values, and the changes induced by the reform, are all statistically different

from zero.
Table 1: Reynolds Smolensky measures of PIT, indirect and
global tax systems
Personal Income Indirect Global
Taxes Taxes Taxes
Redistributive effect (1) (2) (3)
before the tax reform 0.0596 -0.0077 0.0559
(0.001860) (0.000354) (0.001991)
after the tax reform 0.0582 -0.0083 0.0541
(0.001719) (0.000360) (0.001849)
change -0.0013 -0.0006 -0.0019
(0.000369) (0.000035) (0.000409)

standard error between brackets

35 A two sided test with a = 0.05 has been applied. The critical value t2:92° = 1.96.
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Table 2: Average tax rates

Personal Income Indirect Global
Taxes Taxes Taxes

tax rate (1) (2) (3)
before the reform 0.226 0.077 0.303
after the reform 0.211 0.080 0.291
change -0.016 0.004 -0.012

Equation (4.11) clearly shows the two basic components of the redistributive
effect of a tax system: the interplay of the average tax rate (given in table 2) and
liability progression. The latter is presented in the form of the Kakwani index in
table 3. Since, the average tax rate is always positive, the Kakwani index evidently
appears with the same sign as the redistributive effect in table 1. Personal income
taxes and the combined system are liability progressive. The indirect tax system
is regressive. This holds both before and after the reform. But, due to changes
in the average tax rates, the reform can provoke opposite changes in the Kakwani
and Reynolds-Smolensky measures. For PIT this is indeed the case. Since the
liability progression of PIT has been increased by the reform, the erosion of the
redistributive effect of PIT is entirely due to the lower average tax rate. For
the indirect taxes, both liability regressivity and the average tax rate increased,
leading to an enhancement of the negative redistributive effect. Also the Kakwani
indices and the changes therein, because of the reform, are found to be statistically

different from zero.
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Table 3: Kakwani indices of PIT, indirect and global tax systems

Personal Income Indirect Global
Taxes Taxes Taxes
Liability progression (1) (2) (3)

before the tax reform 0.2036 -0.0928 0.1287
(0.005349) (0.004616) (0.003980)

after the tax reform 0.2181 -0.0949 0.1316
(0.005491) (0.004442) (0.003937)

change 0.0145 -0.0022 0.0029
(0.000947) (0.000468) (0.000732)

standard error between brackets

These figures contradict the common opinion that the Belgian tax reform of
the eighties, reduced redistribution because personal income taxes became less
progressive. The reform did indeed lead to a smaller redistributive effect, but this
occurred notwithstanding the increased liability progression of PIT. The erosion
of the redistributive effect of the global system is due to a combination of two
factors: on the one hand the reduction of the tax rate of the progressive PIT, on
the other hand the increased reliance on the regressive indirect tax system, which
became still more regressive by the reform.

As can be seen from equations (4.4) and (4.8), the Reynolds-Smolensky and
Kakawani indices are one specific way of aggregating the underlying I R(p)- and
T R(p)-values. Looking at these curves themselves not only gives a much more
detailed picture of what happens at different points of the income distribution. It
also allows to test whether the above conclusions are robust with respect to the

specific aggregation procedures. This is the topic of the next subsections.
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5.2. IR(p)- and T'R(p)-curves

Figure 1a shows the nine estimated ordinates of the post tax income redistribution
curves, before the reform?®. Neither of the three I R(p)-curves changes sign. This
provides us with a dominance result, and hence a generalisation of the results
obtained in section 5.1. Besides the specific aggregation, implicit for Reynolds-
Smolensky and Kakwani in equations (4.4) and (4.8) respectively, the conclusion
of a positive redistributive effect for PIT and a negative one for indirect taxes,
would result for any other aggregation procedure, with positive weights at each
quantile share®”. Moreover, we can always reject the hypothesis that the curves
as a whole are equal to zero®.

The estimated IR(p) curves after the reform lead to the same conclusion.
Moreover the post reform curves always lie below their before reform counterparts.
Since the difference between the pre and post reform curves is too small to become
visible in the same graph, we have chosen to present in figure 1b the difference
IR*(p) — IRB(p) (superscript A standing for after the reform, and superscript B
for before the reform).

Take the case of PIT first. At each p-value, the curve in figure 1b is negative.
This means that throughout the whole income range, less post-tax income is
redistributed from top to bottom by PIT after the reform. One can say that the
redistributive power of PIT decreased at all income levels. Hence also the change
in the Reynolds-Smolensky measures, described in section 5.1, can be generalised

on the basis of this dominance result. But, the statistical test of I R”(p) being not

36The figures underlying figure 1a and 1b can be found in table A.1 and A.2 of the appendix.
37See Duclos (1993).
38 The detailed test results are given in columns 4, 8 and 12 of table A.1 in the appendix
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significantly different from I R4 (p) at all points, cannot be rejected. The reason is
a non-rejection at the highest four estimated points®®. Testing a similar hypothesis
over the remaining part of the curve, the hypothesis that this remaining part is
equal to zero, can be rejected®’. Hence, there is evidence to say that there has
been a significant decrease in the redistributive impact of PIT at the bottom half
of the distribution.

Also for indirect taxes, the curve in figure 1b lies everywhere under the horizon-
tal axis. In this case the overall statistical test reveals that the curve is statistically
different from zero. Hence one can safely say that the redistribution from bottom
to top by indirect taxes has been enhanced by the reform. Accordingly, the curve

for the combined tax system reveals a diminished redistributive effect*!.

39Gee column 4 of table A.2 in the appendix

40The critical values for a two sided test with o = 0.05 and 5 and 6 sub null - hypotheses are
2.58 and 2.64 respectively. See Seber (1977), p. 131, table 5.1.

41 Again the overall test of the curve being equal to zero cannot be rejected. In this case the
non-rejection occurs at the three highest estimated points. Also in this case the remaining part
of the curve is found to be significantly different form zero.
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Figure l1a: IR(p) values Before the Reform
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As far as liability progression is concerned, the same line of reasoning can be
followed to generalize the conclusions based on the Kakwani-index. Figure 2a
shows the T'R(p)-curves for PIT, indirect taxes and the combined system before

the reform*2

. Both before and after the reform (again we do not show the post
reform curves), the curves are significantly different from zero. Hence, indepen-
dently of the index used, the PIT system is progressive. At all income levels, part
of the tax burden is shifted from bottom to top, when compared to a counterfac-
tual proportional personal income tax. For indirect taxes the reverse is the case.
Lower deciles face higher tax liabilities than would be the case with proportional
indirect taxes. indirect taxes are regressive.

Figure 2b shows the change in T'R(p), provoked by the reform. The T'R(p)
curve after the PIT reform lies entirely above the one before the reform. The
hypothesis that the before and after reform curves are similar is rejected. There-
fore, all liability progression measures will indicate a significant increase in the
liability progression of the PIT system due to the reform. Also the TR(p) curve
of the reformed indirect tax system is entirely dominated by the one before the
reform. But, these curves do not differ significantly from each other at each point.
Non - rejections are observed for the highest two estimated points. However, the
remaining parts of these curves differ from each other significantly**. Hence, most
indices would indicate a significant increase in the liability regressivity of the

indirect tax system because of the reform.

#2The figures underlying figure 2a and 2b can be found in table A.3 and A.4 of the appendix.
43The critical values for a two sided test with o = 0.05 and 7 sub null - hypotheses is 2.69.
See Seber (1977), p. 131, table 5.1.
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Only for the combined system, we do not find a dominance result as far as
liability progression is concerned. For the bottom decile, the combined liability
progression of PIT and indirect taxes decreases. This means that after the re-
form, the bottom decile shifts a smaller share of the total tax burden to the top
than it did before the reform. At all higher estimated points liability progression
increases. Hence, only an index which gives a very high weight to the bottom
decile can indicate that liability progressivity has gone down by the tax reform.
But again, we can not reject at each point the hypothesis that the before and
after reform curve are similar. Non - rejections are observed for the first two and
the last two estimated points. A similar null-hypothesis of no change, applied on
the part of the curve in between these rejected points, is rejected. Hence, after
the reform, the middle class estimates of the T'R(p) curve differ from each other
significantly. Moreover, these middle class T'R(p) values are always higher after
the reform. Therefore, if these significance results are taken into account in the
form of zero estimates at the rejected points, aggregate liability measures will
either indicate that the reform has not changed the liability progression of the

combined tax system or has increased it.

5.3. Differences in I R(p)-curves

Figure 1 and 2 are based on cumulative shares of post tax income and tax liabilities
respectively. Hence, the rising and declining parts of the IR(p)- and T R(p)-
curves in figure 1 and 2, reveals that shares of post tax income and tax liabilities
respectively, exceed the shares of a proportional system at some points and are
below them at other points. In this and the next subsection we therefore present

differences in the I R(p)- and T R(p)-values for two consecutive population shares
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p; and p;_1. As explained in section 4, this difference identifies the effect of
redistributing post tax income and reshuffling of tax liabilities, for one specific
decile (see equation 4.5). Figure 3a shows the difference in I R(p)-values. Figure 4a
draws a similar picture for differences in T'R(p)-values**. Like in figures 1 and 2,
we first show the situation before the reform, and then look at the changes in the
picture induced by the reform.

Figure 3 is revealing. It clearly shows how both PIT and the combined system,
because of the non proportionality, redistribute post tax income from the four top
deciles to the six bottom deciles. The indirect tax system appears with the reverse
redistribution: with proportional indirect taxation, the bottom six deciles would
end up with a higher after tax income than they do in the actual system. Mainly
the two top deciles gain from the regressivity of indirect taxes. We have no
explanation for the strange pattern in the eighth decile.

Figure 3b shows the effect of the reform on the structure of redistribution
shown in figure 3a. In fact, this panel can be seen as a sophisticated identification
of winners and losers of the tax reform. For PIT, the three bottom deciles are faced
with a smaller amount of favourable redistribution than before the reform. The
reverse side of this coin is the gain of the two top deciles who have to redistribute
less after tax income towards lower deciles. The changes in the remaining deciles
do not compensate these negative redistributive effects at the bottom and the top.
Remember that, according to our statistical tests, applied on I R(p), the changes
at the top were not significantly different from zero. We therefore conclude that
the reduced redistributive impact of the PIT system is mainly induced by the

decreases in the three bottom deciles. Again, note the outlier position of the eight

44 The figures are in tables A.5 and A.6 of the appendix.
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decile.

Figure 3a: Difference in IR(p)-values for PIT, indirect taxes and
global system before the reform
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For these bottom three and top two deciles, the reform of indirect taxes only
strengthens the results of the PIT reform. Overall the changes because of the
indirect tax reform are relatively modest. And once more the monotone pattern
of increasing gains for the upper deciles is interrupted in the eighth decile.

Globally, it is clear that the tax reform has mainly eroded the redistributive
activity in the top two deciles and in the bottom three deciles. Deciles 4 to 7
are relatively unaffected and the effects for the eighth decile are, to put it mildly,
rather bizarre. According to the significance tests, the changes for the top deciles
are not significantly different from zero. Hence we conclude that the diminished
redistributive impact of the combined tax system, is mainly due to the impact of

the tax reform at the bottom of the distribution.

5.4. Differences in T'R(p)-curves

The differences in the T'R(p)-curves, reflect the reductions or increases in the tax
liability shares, as compared to the tax liability shares of a proportional tax system
with the same revenue. The situation before the reform is shown in figure 4a. A
positive figure now means that an income group succeeds in pushing away this
share of total tax liability towards other income groups. A negative figure means
that the tax liability share in the counterfactual proportional system would be
smaller.

The liability progression of PIT shows up in a shifting of the tax burden from
the lowest six deciles to the four highest deciles. Since indirect taxes (again, except
for the eighth decile) reveal the reverse pattern, the global liability progression
picture is a skimmed version of the PIT picture. But the global pattern never

reverses.
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Figure 4a: Difference in TR(p)-values for PIT, indirect taxes and
global system before the reform
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The PIT reform has enhanced liability progression at all deciles. The bottom
deciles have further increased their share of total tax liability which is pushed to
higher deciles. The four top deciles, and especially the tenth decile, have felt a
further increase in the share of the tax burden they have to bear. This confirms
our conclusion of section 5.1. The erosion of the redistributive impact of personal
income taxes is not due to a decrease in liability progression. Quite the contrary.
It can entirely be attributed to the lower average tax rate.

For indirect taxes, the effect of the reform on liability regressivity is a bit
less clear, certainly for the upper half of the distribution. The bottom half of
the distribution undoubtedly is faced with enhanced liability regressivity. Their
share in the total indirect tax revenue still increases. The gain of the indirect tax
reform is mainly to be found in the eighth and tenth decile. Since the significance
test reveals that the changes at the top are not significant, we conclude that the
increased regressivity of the system is mainly due to the negative impact of the
reform at the lower end of the distribution.

For the combined tax system, the conclusion about liability progression has
to be refined. The pronounced pattern of increased liability progression because
of the PIT reform is seriously faded out by the effect of indirect taxes. For the
bottom decile this even leads to a decrease in liability progression, compared to
the before reform situation. Otherwise said, the bottom decile bears a larger share
of the total tax burden after the reform. For deciles 2 to 6 the enhanced liabil-
ity progression of PIT still dominates the picture. The four highest deciles can
compensate partially the increase in liability progression of PIT by the increased

liability regressivity of the indirect taxes.
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5.5. The impact of the different tax systems on post tax inequality

If there is reranking, the I R(p)-values, presented above, produce a biased estimate
of the inequality impact of the different tax systems . Therefore, we have compared
the reranking measure D(p) with the IR(p) values!®. Sometimes, considerable
values are observed but reranking never becomes that large that a sign reversal in
the IR(p) values occurs. Moreover, we can never reject the hypothesis that the
reranking curve is equal to zeroS. Therefore, we can also use the I R(p) values to
judge the impact of the different tax reforms on inequality of post tax incomes.
The I R(p)-curves of the reformed systems are always dominated by their before
reform counterparts*’. Therefore, as far as inequality reduction is concerned, we
tend to evaluate the PIT as well as the indirect tax reform, and consequently the
joint tax reform, negatively. With a fixed distribution of pre-tax income, post tax
income is distributed more unequally than before the reform. But the reforms
obtain this qualification for different reasons. The PIT reform has increased the
liability progression of the PIT system. But, simultaneously, the government has
decided to rely less on this progressive system of revenue collection. Hence, the
potential beneficial effects of the more unequal distribution of the tax liabilities
have been foregone by a reduction of the average tax rate. The indirect tax
reform, on the other hand, strengthened the liability regressivity of the indirect
tax system. At the same time, one also collects more taxes by means of this

regressive system.

45The values of the D(p) measure before and after the reform are in tables A.7 and A.8 of the
appendix.

46 At none of the nine points we could reject the sub null - hypothesis that this estimate was
different from zero given the critical value of 2.78.

47 Albeit not always in a significant way.
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6. Conclusion

We have evaluated the differences between the Belgian personal income tax (PIT)
system and indirect tax system of 1988 and 1993. Within this period both the PIT
and the indirect tax system have been reformed considerably. The PIT reform
was very much in line with what happened in other OECD countries. The tax
base was broadened, top rates were reduced and the system moved away from
joint taxation of married couples in the direction of individual taxation. The
indirect tax reform discarded the rates of 17%, 25% and 33% and increased the
rate of 19% to 19.5%. Excises on fuels and tobacco products were increased. As
a consequence, less revenue was collected via the PIT system while the indirect
tax revenue increased. Since the cut in PIT was quantitatively more important
than the increase in indirect taxes, the overall revenue decreased.

To evaluate the joint impact of these reforms, the tax liabilities of both systems
have been simulated on micro data sets. For each tax system, we have compared
the distribution of equivalised pre-tax income with the distributions of equivalised
post tax income and equivalised tax liabilities. These comparisons have been
summarised both with indexes and Lorenz and concentration curves. We have
applied recently developed statistical tools to test whether the indexes and curves

are significantly different from zero. Our conclusions are the following:

e The positive redistributive impact of the personal income tax system has
been eroded by the tax reform. The negative redistributive impact of the
indirect tax system increased. Evidently, for the joint tax system, this

implies that the redistributive impact has also decreased.

e These conclusions about the change in the redistributive effect are fairly
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general. Estimates of the relevant Lorenz and concentration curves at nine
points show that the systems before the reform always dominate those after

the reform in terms of the redistributive impact.

Not all before and after reform IR(p)-curves differ from each other signif-
icantly over the entire p-range. But, they differ significantly over at least
certain ranges of the distribution. Hence, indices would at best indicate
a status quo or otherwise a reduction in the redistributive impact of the

respective tax systems.

The reduction in the redistributive effect of the combined tax system is
mainly due to the negative impact of both the reform of PIT and indirect
taxes at the bottom end of the distribution. With pre-tax income fixed, and
given the change in the average tax rates because of the reform, the bottom
three deciles are the losers of the reform. The middle income classes are

relatively unaffected. The two top deciles are the winners of the reform.

The PIT reform increased the liability progression of the personal income tax
system. The liability regressivity of indirect taxes has been enhanced by the
reform. Since the PIT effect largely dominates the effect of indirect taxes,

also the liability progression of the combined tax system has increased.

Again these conclusions are fairly general. In the case of PIT and indirect
taxes we obtain dominance results. For the combined tax system there is
no dominance. The liability progression decreases for the first decile, but is
faded out by the increase in liability progression for all the other deciles. Yet,

the point at which the violation is observed is not significantly estimated.
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The before and after reform curves of each system differ significantly over a

considerable range of the distribution.

e The reranking coefficients do not differ significantly from zero. Therefore,
the changes in the redistributive effect can also be interpreted as changes in

the reduction of post tax income inequality.

e The reform has reduced the power of the combined tax system to narrow
post tax income inequality. Although this reduction is due to a decrease of
both the positive redistributive effect of PIT and an increase of the negative
redistributive effect of indirect taxes, this occurs for different reasons in both
systems. Since PIT became more progressive, the decline in the redistribu-
tive effect is entirely due to the lower average tax rate. For indirect taxes,
both increasing liability regressivity and an increasing average tax rate work

together to adversely affect the inequality of post tax incomes.

Probably it does not come as a surprise that indirect taxes became more regres-
sive. The highest VAT rates have been discarded and excises have been increased.
But the observations about the PIT reform are more intriguing. Despite the reduc-
tion of the top rates and the move into the direction of more individual taxation,
liability progression increased. This issue can only be elucidated by proceeding
through the different stages of the PIT process before and after the reform. In
Decoster, Standaert, Valenduc and Van Camp (2000) we sketch the contributions
made by deductions, tax rates and tax credits, to the final redistribution of tax

liabilities before and after the reform.
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