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INTRODUCTION

The international integration of markets and the increase in factor mobility
have substantially accentuated interest in relative levels of effective income taxation
in different countries. While quite a number of recent studies have presented com-
parable estimates of effective corporate tax rates, similar estimates for the personal
income tax are relatively rare, perhaps because tax legislation leads to substantial
cross-country differences in the tax base.

The progressivity of the personal income tax, which is the main topic of this
article, is important in relation to two different objectives of fiscal policy. A first
objective is to distribute the tax burden fairly, in terms of ability to pay and the
effect of taxation upon income inequality. A second objective is to avoid economic
distortions and efficiency losses: progressivity is closely iinked to the concepts of
marginal and average tax rates which are generally regarded as determining incen-
tive effects. These two objectives may conflict’.

To facilitate international comparisons in the field of the personal income tax,
the OECD has established a new data base, described in detail in a recent pubiica-
tion2, which makes adjustments to the income concepts normally used in data from
national fiscal authorities. The resulting statistics are not completely comparable
across countries, in particular because they relate to incomes of persons in some
countries and to family incomes in others. However, the data base covers seventeen
countries and has unique advantages, notably for analysis by level of income of
effective tax rates and the components of tax liability such as standard tax allowances,
interest deductions from taxable income, and other non-standard allowances.

in this article, Part | looks at different measures of progressivity, the inequality
measures upon which they are based and their welfare theoretical underpinnings.
This part also discusses the different aspects of progressivity measured by each
index and how they are related fram a conceptual as well as from a mathematical
point of view. Part Il presents the new database in the form of the common
methodology applied and the data collected. It also briefly summarises the many
statistical as well as conceptual caveats which still complicate international com-
parisons using this type of data and which will be addressed in future work on the
data base. Finally, Part il presents the estimated measures and some tentative
conclusions are presented in the final section.
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I. DEFINING AND MEASURING PROGRESSIVITY

A. Defining progressivity

Most people associate the concept of income tax progressivity with the not
of a rate scheduie with an increasing rate. A more precise mathematical definiti
is as follows: let T(Y) be the tax paid by an individual with income Y and let m:
be the marginal tax rate and t(Y) the average tax rate; the tax system in questic
could then be defined as proportional when the elasticity of T with respectto Y i
equal to one for all Y. The tax system is progressive when the elasticity exceeds
one and regressive when the elasticity is less than one:

(dT/MAAYY) > 1 <=> m(Y)/t(Y) > 1 <=> m(Y) - t{Y) > 0 [1]

This definition of progressivity is thus equivalent to saying that a tax system
is progressive, proportional or regressive when the marginal tax rate m(Y) which
equals dT/dY is greater than, equal to or less than the average tax rate t(Y) which
equals T(Y)/Y, respectively. This is also equivalent to saying that progressivity
occurs when the average tax rate t(Y) is an increasing function of income:

d(tj(\\(() _ d(TS\?N) — m(Y{'(-t(Y) -0 2]

Also this expression shaws that progressivity is determined by the relation
between average and marginal tax rates which in turn are determined by the tax
rate schedule as well as the structure of tax reliefs. It is, however, worth noting that
the above relates to progression at a given point in the income scale and therefore
does not give an unambiguous index of overall progressivity.

B. Types of progressivity measures

in recent economic literature there has been a proliferation of progressivity
measures using a single index of the level of progressivity of a tax system. There
is no universal agreement as to what constitutes the “correct” one, but following
Kiefer (1984), existing measures may broadly be classified into two groups, “struc-
tural indices” and “distributional indices”. -

Point measures of progressivity can take many values depending upon the
levels of income Y that are examined. To estimate a single summary of progressiv-
ity, specific income levels needs to be selected for examination. Measures are
sometimes based upon the tax paid at fixed multiples of a single reference income
level, which may be average income or a fixed real income level in a common
currency. These belong to the group of “structural” indices, and differ from “dis-
tributional” indices which depend upon the entire distribution of income. Distribu-
tional indices may be subdivided according to the measure of inequality upon

86



which they are based. Two well-known measures are the concentration index (or
Gini coefficient) and the “equally distributed equivalent” (EDE) measures defined
by Atkinson (1970). '

Measures of progressivity can also be divided between “tax-scale invariant”
and “redistribution” indices. Tax-scale invariant measures are invariant when the
tax paid changes by the same multiple at each income level: they depend upon
the distribution of tax. Redistribution measures are invariant when the after-tax
income changes by the same multiple at each income level, and depend upon the
distribution of after-tax income. This article focuses on the concentration index-
based measures (though EDE-measures are briefly dealt with in section C below),
primarily because they are the most frequently used in applied research, but also
because they are relatively simple and may easily be interpreted graphically.

C. Progressivity measures based on the concentration index?

As indicated above, progressivity is closely related to the concept of inequality:
if the average tax elasticity is greater than one, post-tax income will be more equally
distributed than pre-tax income. It follows that measures of progressivity must,
either implicitly or explicitly, be based on some measure of inequality.

The inequality measure most often used is the concentration or the Gini index,
which in turn is based on the well known concept of the Lorenz or concentration
curve®. This curve is defined as the relationship between the cumulative proportion
of income and the cumulative proportion of income-receiving units. The Gini coef-
ficient may in turn be defined as one minus the ratio of the area under the Lorenz
curve to the area under the diagonal or the egalitarian line. See Annex | for details
of definition and estimation.

As mentioned above, a proliferation of suggested measures has recently
developed in order to enable a description of global progressivity on the basis of
one single number, and the measurement of progressivity has generated consider-
able controvarsy over the last decade. The different measures of progressivity do
not always give consistent rankings. This is an argument for using, as many empir-
ical studies do, more than one. This section describes the three measures used
here, all of which are based upon concentration curves.

Musgrave and Thin (1948) presented a distributional tax progressivity index,
which they called effective progression, based upon a comparison of the Gini coeffi-
cients before and after tax. It is defined as follows:

1 - G*

M= T (3]
where G? is the Gini index of after-tax income and GP" is the Gini index of before-tax
income. This is an indicator of the relative equality of the after-tax distribution
compared with the before-tax distribution: values of M greater than 1 indicate a
progressive tax. Other researchers have measured progressivity as the percentage
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decrease in the Gini coefficient (Pechman and Okner, 1974) and the absolute change
in the Gini coefficient (Reynolds and Smoiensky, 1977).

Kakwani (1976) applied a progressivity index that is based on a comparison
of G® and G! which is the concentration index or Gini coefficient of taxes (using
pre-tax income as classifier). The measure is defined as follows:

K=Gt- GP (4]

This measure judges a tax to be progressive if the tax concentration curve is
more concave than the Lorenz curve, therefore: if K is greater than 0, the tax is
progressive; if K equals 0, the tax is proportional; and if K is less than 0, the tax is
regressive. The proportionate difference in inequality between taxes and pre-tax
income, as indicated by these Gini coefficients, was used by Khetan and Podder
(1976).

Suits (1977} proposed a measure, which has been applied in several studies,
based upon the Gini coefficient for a curve showing the cumulative share of tax
liability on the vertical axis and the cumulative share of income on the horizontal
axis {using pre-tax income as classifier). By this measure, a tax is progressive if the
relative concentration curve of taxes with respect to income is concave (from
above), thus, if the index called S is greater than 0, the tax is progressive; if S equals
0, the tax is proportional; and if S is less than 0, the tax is regressive.

Substantial efforts have been devoted to clarifying the conceptual and statistical
relationships between the different types of progressivity measures outlined above.
This has been accompanied by a heated discussion on what constitutes the most
appropriate measure of progressivity which in turn is closely related to the quest-
ions being addressed. If the emphasis is on the impact of taxes on the income
distribution {i.e., post-tax compared to pre-tax distributions), Musgrave-type measures
are preferable. If, however, progressivity is seen as more a question of how the
percentage distribution of taxes across deciles compares to the percentage distribu-
tion of {pre-tax) income (disregarding the size of the average tax rate), Kakwani and
Suits-types of measures should be used. Dependent oan which point of view is
preferred, the ranking of countries may change.

Referring to the terms defined in section B above, the Musgrave and Thin
index M is a redistribution index, since it takes the same value for all tax systems
that give ~ for a given pre-tax distribution — an after-tax income distribution with
the same level of equality. Both the Kakwani index K and the Suits index S are
tax-scale invariant indices, since their value is unchanged if all tax fiabilities increase
by a constant multiple5. Kakwani (1976, 1977) shows that his index is related in a
simple way to the Gini coefficients before and after tax:

tK

G*-Gb= ) [5]
where t is the average tax rate. For a given value of K, the change in inequality
brought about by the tax system is an increasing function of t. If t is small, a tax
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system may be judged highly progressive according to Kakwani's K, but at the
same time be approximately proportional according to the group of redistributive
measures. Depending on which aspects of progressivity they consider most impor-
tant, different authors advocate different measures®.

Using this relationship, other indices based upon G2 and GP, including the
Musgrave and Thin index M, can be expressed in terms of GP, K and t. Bourguignon
and Morrisson (1980) prove that K is the only conventional summary that allows
the total impact of taxation upon inequality to be decomposed into terms expres-
sing the progressivity (K) and average rate (t) of each tax.

The concentration curve-based measures discussed here have, however, been
criticised. In his seminal article, Atkinson (1970) argued that underlying any sum-
mary statistic of inequality is some concept of social welfare, and that the analysis
should explicitly focus on this aspect. Indices of inequality such as the Gini coeffi-
cient can be thought of as assigning weights to income transfers from richer to
poorer individuals, and the Gini coefficient has been criticised on this account
(Kiefer, 1984, and Atkinson, 1970). First, it attaches most weight to income transfers
among individuals close to the mode of the income distribution, and secondly, it
has the same symmetric weighting scheme regardless of how equal or unequal is
the income distribution in question whereas a more satisfactory scheme probably
would attach higher weights to transfers to the poor, the greater the inequality of
the distribution’.

Among other considerations that may be important are the sensitivity of the
measures to zero and negative incomes, and their robustness in the face of various
types of omissions in coverage®.

H. CALCULATING PROGRESSIVITY

A. Defining the tax function

While different mathematical measures of progressivity have been widely dis-
cussed in the literature, progressivity measures also depend upon how the tax
function T(Y) is measured.

One method, which was applied in OECD (1980), involves defining a “typical
case”, for example a married man with two children with all his income from wages
and salaries and with his wife not working. On the assumption that this person
benefits only from standard tax allowances, a function T(Y) showing his tax liability
at each income level can be computed on the basis of the allowances and schedules
that appear in tax legislation. This type of tax function is easy to use for the compu-
tation of the structural indices described in Section I. It would be difficult to use for
computing summary measures of progressivity for the whole economy, because
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the population contains a variety of income and household types. A particular criti-
cism of this approach to definition of the tax-income relationship is that it may be
misleading, because non-standard tax allowances may significantly reduce tax
liabilities for persons or households with high incomes.

Another common but very different approach is based upon household
income distribution statistics. Household survey data typically record gross income
and tax payments for each household, and are frequently used to analyse progres-
sivity in terms of summary statistics of inequality in the distributions of gross and
net incomes (e.g., Sawyer, 1976, O'Higgins et al., 1989, Rosenberg, 1989). A limita-
tion of this approach is that the tax-income function derived from aggregate house-
hold income distribution data depends not only upon how tax varies with income,
but also upon how tax varies by household type and any other household charac-
teristics that may be correlated with income®. The second source of variation is
normally regarded as affecting horizontal equity, rather than tax progressivity.

In the OECD data base described below, the tax-income function is based
upon the actual tax liabilities of tax units, ordered by tax unit income and grouped
into decile groups. As with household income distribution data, the tax-income
function estimated from this type of data takes into account standard tax allowances
(which in many cases depend upon family circumstances) as well as non-standard
allowances (such as mortgage interest deductions).

B. The OECD data base

Methodology

The quality and amount of data required to make calculations of progressivity
and related measures (such as effective tax rates at different income levels) — espe-
cially for the purpose of international comparisons — are demanding. Valid compari-
sons ideally require data for the same period, with the same coverage and using
exactly the same units, classifications and definitions. The new OECD data base on
the personal income tax base goes some way in satisfying these requirements and
has thereby improved the possibilities of making international comparisons in this
field of taxation. However, as shown below, a large number of problems stiil need
to be resolved. For these reasons, the estimates provided in the following chapter
must be seen as rough approximations rather than precise measures.

The data base contains detailed information on amounts of income, tax allow-
ances, tax liabilities and tax credits within decile groups for seventeen countries.
The data derives as a general rule from administrative tax files on individual tax-
pavyers, though a few countries have supplemented with data from other sources.

The basic methodology applied in setting up the data base (for details, see
OECD, 1990b) was influenced by three factors:

— All countries have data on taxable income, i.e., the income base to which
schedule tax rates are applied;
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— Data availability regarding broader definitions of income (e.g., income
including allowances, exempt income, etc.) differs substantially between
countries;

— The broader the income used, the better the comparability between coun-
tries (because, by definition, the broader the income concept, the less
important are specific differences between country legislation).

This is why an “add-back” methodoiogy was applied under which countries were
first asked to supply data on taxable income, then to add to taxable income, all
standard as well as non-standard tax allowances, then exempt types of income,
etc. in order to arrive at the broadest possible income concept in each country. In
practice nearly all countries are able to provide data on “income subject to tax”
(see item 7 in Annex Il), but very few on a wider income concept. Consequently,
comparisons are generally made on the basis of income subject to tax. The process
of adding-back gives in itself a good impression of the degree of comparability of
the data, though a full picture requires additional information (see below).

The precise format of the data collected for the data base is given by a “stan-
dard classification” shown in Annex li and Annex Ill provides as an example the
specific data for Spain. All information is provided in decile groups of tax units, i.e.,
data exist in the same distributional format for all 17 countries in the data base.

Caveats

A number of the remaining problems relating to data comparability are
indicated in the summary table below, though these are not the only important
limitations'0.

Table 1 clearly shows that the weight of income taxes differ substantiaily bet-
ween countries, and so does the weight of income taxes relative to social security
contributions which are not {for the time being) included in the scope of the data
base (apart from those levied on an income tax base as in the Nordic countries).
As the distribution of social security contributions within a country differs substan-
tially from that of income taxes, the different tax structures among countries may
have important implications for relative progressivity levels. This article focus thus
only on the progressivity of income taxes, leaving aside the impact of other taxes'’.
The table also indicates a substantial variation in the weight of income taxes raised
at subordinate levels of governments (which are within the scope of the data base),
implying inter alia that governments have chosen different ways of financing lower
ievels of government — constituting another factor of potential importance for rela-
tive progressivity {and which may or may not be regarded as a caveat).

in addition to incomparabilities arising from structural differences, a number
of more specific statistical problems reduce comparability. As can be seen from
Table 1, the data refer to different years and — more important — the portion of the
total adult population covered by the statistics differs as well. This poses a special
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problem for distributional analyses due to the fact that differences in coverage is
mainly due to whether people with less than threshold income are included or not.

The tax unit differs among countries according to national tax legislation, as
does the classifier {(which is the income concept used to rank tax units in order to
create decile groups) though as Table 1 shows in 12 out of the 17 countries it is
income subject to tax. Aithough these are also factors with potentially important
impact, in some empirical cases, examined below, the impact on progressivity esti-
mates seems to be only moderate.

It is the general impression that whereas the factors mentioned are important
in direct international comparisons especially of income distributions and income
inequality, in this “second order” problem of comparing progressivity (i.e., changes
in inequality), especially if the calculations are based on the Musgrave measure,
these problems are more manageable, though still important.

Ifl. RESULTS

A. Summary of measures'?

The estimated progressivity measures are shown in Table 2 below. For brevity,
the measures are called Musgrave, Kakwani and Suits, respectively. The table also
shows estimated elasticities of tax with respect to income for each of the 17 coun-
tries'3.

Four general comments are worth making on these results, taking into consid-
eration the comparability problems described above which imply that all resuits
must be interpreted with considerable caution. First, all countries clearly have
progressive income tax systems, whatever measure is applied.

Second, the different measures rank countries differently owing to the factors
explained above. This is illustrated by United Kingdom and Sweden, the United
Kingdom having substantially more “progressive” taxes than Sweden using the K
and S measures which depend upon the percentage distribution of taxes across
deciles, but the “less progressive” Swedish taxes having a greater impact on
income distribution because taxes in Sweden on average are nearly twice as high
as in the United Kingdom. It is thus important a priori to decide on the specific
aspects of progressivity one wants to analyse.

Third, the results are in some cases extremely sensitive to how the tax system
is “perceived” or "defined”. In the case of Canada, for example, the existence of
refundable tax credits (i.e., tax reliefs deducted from calculated tax liability and paid
out to the taxpayer as a negative tax to the extent they exceed tax liability) makes
the Canadian system by far the most progressive of the countries compared here.
If the negative taxes resulting from these tax credits instead are defined as part of
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income {and many of these credits are, in fact, given as social transfers in other
countries), this effect would be taken out of the tax system, and progressivity (at
least judged on the Musgrave measure) would fall back to a more “normal” level
(see numbers in parentheses in Table 2).

Fourth, as expected, the ranking of countries according to estimated elasticities
corresnonds in broad terms to the ranking implied by the Kakwani measure. The
main reasons why the correspondence is not perfect are that tax is not an exact
constant-elasticity function of income, and that the regression precedure implies a
system of weighting across deciles which differs from the inequality measures.

The Gini coefficients shown in Annex IV (see data for Denmark and the United
States) seem to indicate that changes in other important “structural” factors such
as the tax unit or the classifier used to define the decile distribution generally lead
to changes in the pre-tax and post-tax Gini coefficients in the same direction, so
that there is no clear indication of a systematic bias in the progressivity measures
associated with differences in the tax units used by different countries.

B. Determinants of progressivity

The new data base presented above has a number of potential applications.
The results presented below should be considered primarily as examples of poss-
ible calculations relevant to the question of income tax progressivity rather than
precise estimates of the factors in question. The first example in this section focuses
on the relative importance of the rate schedule compared with other factors, the
second example concerns the impact on progressivity of interest expenditure
deductibility.

The progressivity effects of allowances and the rate schedule
Generally, there are three main types of determinants of income tax progres-
sivity:
i} The way taxable income is calculated by the deduction of tax allowances

from broader income concepts;

ii) The progressive tax rate schedule applied to taxabie income;

iii) The structure of tax credits, i.e., tax reliefs deducted, not from income,
but from tax liability.

In principle, a certain progressivity effect may be obtained using any of these
determinants. For example, an identical impact on progressivity may be obtained
either by the use of a basic allowanoe or by a zero rated first bracket (similarly, a
given resuit may be obtained by the substitution of an allowance with a tax credit).
Comparisons between countries must, therefore, take into account all three deter-
minants.

There are also important differences between the three types of progressivity
determinants. A number of countries have, for example, substituted tax credits for
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Table 3. Determinants of progressivity

Split
Country -
income subject to tax Gross income

Australia 39 43
Austria 17 19
Belgium 66 .
Canada 70 {(73) 77 {78)
Denmark -20 54
Finland 42 56
France 13 .
Germany 23
Greece 14
lreland 98
italy 40
Netherlands 5 ..
Norway 21 21
Spain -1
Sweden 96
United Kingdom 84 .
United States 16 79

Source. “'The personal income iax base: A comparative swvey'”, DECD 1980.

allowances in order to give tax reliefs of the same value to all taxpayers, indepen-
dently of their income. it could be held that the progressive tax rate schedule is a
more transparent component than the two others, and that it is an exogenous
parameter for the individual taxpayer, whereas tax allowances and credits are to
varying exients endogenously determined by the saving, investment and expenditure
and marriage decisions of taxpayers.

Table 3 attempts to quantify the relative importance of the different determin-
ants of progressivity mentioned above. As a simplifying assumption, tax credits
have been treated as part of the rate schedule'. The method couid, however, rela-
tively easily be extended to cover all three determinants independently.

The table shows estimates of a measure called “SPLIT”, which is explained in
Chart A. Lorenz curve B describes the distribution of a “broad” measure of income
such as gross income. Lorenz curve | illustrates the distribution of taxable income.
Lorenz curve T illustrates the distribution of final net tax liabilities. The increase in
the Gini coefficients from curve B to T may be interpreted as the total progressivity
effect of the tax system. The percentage proportion of this total progressivity effect
that can be ascribed to the way taxable income has been defined (i.e., the move-
ment from B to 1), is cailed SPLIT. The remaining part of the total progressivity effect
{i.e., 100-SPLIT) may be attributed to the progressive rate scale, including the effect
of tax credits. This measure therefore estimates the relative significance of the two
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CHART A

THE MEASURE SPLIT

Gross income

Taxahle income

main sources of progressivity: the definition of taxable income through exemptions
and allowances and the progressive rate schedule (including tax credits).

Table 3 indicates that countries have chosen very different ways of achieving
progressivity in their tax systems. When income subject to tax is taken as the broad
income concept, the portion of total progressivity attributable to the way taxable
income is “defined” ranges from -20 per cent in Denmark (indicating that tax allow-
ances are regressive) to almost 100 per cent in Ireland and Sweden (indicating that
the tax rate schedule makes a negligible contribution to progressivity).

The impact of interest deductibility on progressivity

The caiculations of SPLIT in Table 3 group together both standard and non-
standard tax allowances. in almost all countries, standard allowances are progres-
sive in the sense that the lower the income the greater the proportion they represent
of it. Thus, it is of interest to examine separately the impact on progressivity of
non-standard allowances, which are generally regressive. Table 4 shows standard
and non-standard allowances as a percentage of income subject to tax for the five
countries with the highest non-standard allowances. For the four countries with
more detailed information, the deduction of interest expenditure from income is
the most important non-standard allowance. Tax credits are only of major import-
ance in Denmark, where they have a very clear progressive impact.

With the exception of Sweden, these four countries have relatively low values
of SPLIT, i.e., a low proportion of total progressivity may be ascribed to tax allow-
ances in general. Table 5 examines the degree to which the rather low progressivity
of tax allowances may be attributed to interest deductibility.
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Table 4. Allowances and tax credits as percentage of income subject to tax

Country Standerd sowances m:::;‘;ﬂ hm‘:: mm Tax credits Spr*
Menmark 1.8 216 15.7 10.8 -20
Germany 71 17.6 .. . 23
Norway 84 18.0 13.7 1.2 21
Sweden 13.3 124 15 0.3 96
United States 26.3 14.5 6.0 0.3 16

* Measured on income Subject to tax.
Note: The percentage for allowances and tax credits cannot he directly compared as the former are deductions in income and the latter deductions in taxes.

Source: "The personsl income tax base: A comparative survey”, OECD 1990,

Table 5. Effects on prograssivity of interest deductibility

Musgrave Kakwani Suits Spiit
Country  With Without With Without With Without With Without
interest intersst interest interast interast interest interest interast
deductrity  deductibiity | deductibdity  deductidikity deductibiity  deductibility | deductibiity deductibitity
Denmark
Income subject
to tax 1.05 1.10 0.06 0.19 0.19 0.50 -20 75
Gross income 1.08 1.10 0.17 0.29 0.32 0.57 54 84
Norway
Income subject
to tax 1.07 1.08 0.15 0.20 0.27 0.38 21 21
Gross income .. .. .. . .. . .. ..
Swaden
Income subject
to tax 1.08 1.08 0.13 0.13 0.24 0.26 96 85
Gross income . .. . . .. . .. ..
United States
Income subject
to tax 1.03 1.03 0.09 0.09 0.66 0.69 16 15
Gross income 1.04 1.04 0.37 0.37 0.78 0.78 79 78

Source: "'The personsl income tax bass: A comparative survey”, OECD 1990,

In calculating this effect it has been assumed that the broadening of the tax
base is off-set by a revenue neutral and proportional reduction in tax rates across
deciles in terms of percentage points of income.
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Abolition of interest deductibility would, ceteris paribus, imply an increase in
progressivity in Denmark according to all the measures shown {though the Musgrave
measure for gross income shows only a modest increase) whereas the impact is
more limited in Norway and almost non-existent in the other countries.

Qualifications are required, however. First, for reasons indicated above, all
results from these data should be interpreted with caution. Second, the method of
Table 5 does not take any behavioural reaction into account. The impact incidence
calculated here will differ from the final incidence. Third, it could be held that abol-
ition of interest deductibility is only one side of the coin and that a fully neutral
treatment of capital income would also include abolition of capital income taxation.
For example, some countries allowing interest deductibility have taxes on imputed
rent and if these were abolished together with interest deductibility, this would
aimost certainly moderate the calculated impact on progressivity. This idea has,
however, not been pursued further here's,

C. Use of standard income distribution

Another impcitant aspect of the progressivity measures presented here is their
possible sensitivity to changes in pre-tax income inequality. This is examined in

Table 6. Sensitivity of progressivity a to pre-tax income inequality

Musgrave Kakwani Suits
Country Actual income  Stendard incoma |  Actust income  Standard income |  Actusl income  Standard incomm
. a distribution distribution distrhbution distribution distribution gdistribution
Denmark
Income subject
to tax 1.05 1.08 0.06 0.18 0.19 0.42
Gross income 1.08 1.08 0.17 0.26 0.32 0.49
Norway
Income subject
to tax 1.07 1.06 0.5 0.1 0.27 0.30
Gross income .. .. .. .
Swaeden
Income subject
to tax 1.08 1.07 0.13 0.10 0.24 0.27
Gross income .. . .. - ..
United States
Income subject
1o tax 1.03 1.03 0.09 0.25 0.66 0.65
Gross income 1.04 1.04 037 0.29 0.78 0.61

Source: ''The personal income tax hese: A comparative survey”, OECD 1990

98



Table 6 which shows the impact on the different measures of "superimposing”

each country’s tax system on a standard pre-tax income distribution.

Columns with actual income distributions repeat the statistics of Table 2.
Columns with standard income distributions have been computed by applyinqg
actual ratios of taxable income to income subject to tax within deciles te the
German pre-tax distribution, resuiting in calculated distributions of taxable income
in the four countries. Similarly, the actual ratios of tax to taxable income were
applied to the calculated taxable income within deciles. The calculation has been
made at the level of broad aggregates and will certainly differ from a situation
where the different tax systems are applied on a detailed individual basis.

However, the Table indicates that the measures all are to some extent affected
by the structure of the pre-tax income distribution. The least affected seems to be
the Musgrave index applied to gross income, though the limited size of the sample
of countries does not allow strong conclusions to be drawn.

CONCLUSIONS

The OECD "Income Subject to Tax” data base opens up new possibilities for
making international comparisons of effective personal tax rates at different income
levels. Though a number of conceptual and statistical problems remain — some of
which will be resolved in future work with the data base — the preliminary analyses
on the basis of the information given here have revealed interesting similarities and
diiferences in the ways governments have designed income tax systems, not only
in terms of the level of global progressivity obtained, but also the ways in which

this level is achieved.
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NOTES

A substantial number of tax reforms have been implementad in OECD countries since the
mid-eighties in which in almost all cases efficiency considerations have played a crucial role,
sometimes at the expense of vertical equity considerations (for an overview of these reforms,
see OECD, 19904, and Hagemann et al., 1988). The main strategy has been removal of distont-
ions through broadening of the tax base combined with rate reductions. In a number of
cases, these changes have had important impact on the progressivity of income tax systems
though the combined effect of flattened tax rate schedules and more broad tax bases on the
structure of effective tax rates may be difficult to assess {in the case of the impact of the US
tax reform, see for example Koppelman, 1985, and Pechman, 1990).

“The Personal Income Tax Base: A Comparative Survey”, OECD (1930).

Space limitations do not allow a full overview of all existing progressivity measures. For a
summary, see for example Kiefer (1984},

Strictly speaking, the concentration curve is a more general concept of which the Lorenz
curve is only a special case, see for example Kakwani (1977).

Kiefer (1984) provides a numerical example for the constant elasticity tax function T{Y} equal
1o bY* that shows how redistribution indexes are affected by the value of b whereas tax-scale

invariant measures are not,

Kakwani (1976), p. 72, for example, considers that a measure of tax progressivity should
show the deviation of a tax system from proportionality (i.e., from unit elasticity). However,
tax-scale invariant measures as a group have been criticised for their alleged lack of relevance
to the policy objectives of taxation according "ability to pay” and equalisation of the distribution
of income (Kiefer, 1984). Pfihler (1987) prefers a multidimensional concept of tax progressivity.
In his view, single index numbers will not be sufficient to portray all relevant featurss, and
a multidimensional approach (e.g., pragmatic comparisons between congcentration curves
with checks for crossings, the use of several measures of concentration) is indispensable.

Keifer (1984), p. 500, calls the weighting system implied by the Gini coefficient "ethically
perverse”. Atkinson (1970) argued for explicit parameterisation of the welfare aspects of
inequality measures in terms of the “equally distributed equivalent” level of income Yede,
defined as the level of mean income which, equally distributed, would provide the same level
of social welfare as the actual mean income Y*:

Yede
Rz {6]
Assuming the social welfare function to be separable, symmetric, increasing, concave and

characterised by canstant inequality aversion, a single class of inequality measures emerges,
and this has in a few cases been used as the basis for tax progressivity measures.

Many theoretically-derived inequality measures are extremely sensitive to the distribution of
very low incomes and indeed take infinite values in the presence of zero or negative incomes,

1
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10.

1.

12.

13.

14.

15,

which are common in empirical data. The Gini coefficient is refatively robust, being defined
even in the presence of negative incomes. The sensitivity of the measures to incomplete
coverage of the population, which is documented in Table 1, is also a relevant consideration.
The progressivity measures M and S are unaffected by the exclusion of tax units which have
zero income and pay zero tax, but such omissions do affect the K measure.

In the household income distribution approach a tax system where the average tax rate rises
uniformly with income for all household types may be judged regressive. This could occur
if married couples typically have both higher incomes and higher personal tax allowances
than single persons, and the average tax rates on high-income households (which are mainly
married couples) are lower than on low-income households (which are mainly single persons).

For a more systematic exploration of limitations to comparability, see OECD (19905), Chapter 2,
which as important additional problems of comparability mentions differences in the way
specific income concepts are defined and measured in each country, differences in the treat-
ment of negative income, differences in the way countries provide the basic tax relief and
differences in the degree of tax evasion among countries.

Employee social security contributions are frequently analysed together with personal
income taxes {as in the annual OECD publication, The Tax/Benefit Position of Production
Workers). Studies of tax progressivity based upon income distribution data may also consider
employer payroll taxes, sales taxes and corporation taxes. This involves explicit assumptions
about the incidence of these taxes on households with different income levels. Bourguignon
and Morrison (1980) estimate for Canada, France, the United Kingdom and the United States
that in terms of the impact on the income distribution, the impact of social security contribu-
tions is smaller than that of the income tax. However, sales and property taxes have a large
regressive effect. They also estimate that government spending (on social security, education,
roads, health and housing) has a much greater redistributional impact than taxation does.

The estimated Gini coefficients which form the basis of the progressivity measures reported
in this section are shown in Annex {V together with two alternative inequality indexes.

Estimated on the basis of a simple constant elasticity function for all 17 countries. The func-
tional form is:

T(Y) = bYS fori=1,2,3,.. 10 (7]

where T is tax per tax unit in each decile, Y is average income in each decile and b and c
are parameters where c is the tax elasticity.

The treatment of tax credits as part of the rate schedule is clearly an approximation, since
not all taxpayers with the same taxable income get the same amount of tax credits. However,
in the majority of countries which have provided data, tax credits are of a relatively modest
size {i.e., around 1 per cent or iess of income subject to tax). The four countries with more
substantial amounts of tax credits are Belgium (3.3 per cent), Denmark (10.8 per cent), ltaly
(3.8 per cent) and Spain (5.9 per cent). Also important in this context, tax credits have a
systematic progressive effect, and in this sense they tend to reinforce the effect of the
progressive tax schedule.

OECD (1990b), Chapter 6, describes the distribution of capital income across decile groups
in the 17 countries covered by the report.

101



Annex |

THE LORENZ CURVE, THE GINI COEFFICIENT AND ITS ESTIMATION

Let Uly) represent the proportion of units that receive an income lower than or equal to y
and ly) represent the proportion of total income received by the same units. The Lorenz curve is
then the graphical representation of the parametric relationship betwesn | and U. The graph of
the curve may be represented in a unit square, see Charts below which illustrates two different
income distributions, A and B. The straight line joining the points (,0) and (1,1} is called the
egalitarian line, because along this line U equals |, which means that each unit receives the same
income. The Lorenz curve falls below the egalitarian line.

In the case of the two curves which have been dravwn in Chart A.1.1, it is reasonably safe to
say that income distribution represented by Loranz curve A is "less unequal” than that represanted
by curve B since the lowest x per cent of households has a higher share of income under regime
A than under regime B, for all values of x {(between 0 and 100).

CHART A.1.1

{R]]

{0.0)

Problems occur when the Lorenz curves of two distributions intersect, as in Chart A.1.2,
where in A both the poorest and the richest have a lower share of total income than in B. A
particular measure of inequality will give an answer to the question of whether A or B has the
less-unequal distribution, but the measure must weight the shares in income of the houssholds
in a particular way. If the shares accruing to the poorast ware stressed, the B income distribution
would be seen as less unequal, whereas if the shares of the richest were stressed it would be the
A income distribution, This is essentially a value judgemaent.
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CHART A.1.2

{11

(0.0)

Atkinson (1970} showed that the ranking of income distributions according to the Lorenz
curve is identical with the ranking implied by aggregate economic welfare, regardless of the form
of the individual weifare function (except that it must be increasing and concave), provided the
Lorenz curves do not intersect. However, if the Lorenz curves do intersect, two functions that will
rank the distributions differently can always be found.

Because of this, many studies make use of more than one measure (see Sawyer, 1976, and
OECD, 1990b, for details of differant measures). The mathematics of the Gini coefficient, its relation
to other inequality measures and its estimation is dealt with in Berrebi and Silber (1987) who inter
alia show that the Gini index belongs to the family of relative mean deviations. Most measures
satisfy the so-called "Pigou-Dalton" condition that a transfer of income from the relatively rich to
the relatively poor must cause a decrease in inequality.

One definition of the Gini coefficient is 1 minus the ratio of the area under the Lorenz curve
to the area under the egalitarian line. A formula is:

G 1 N N

= oN2R ‘_21 i§ i = vl (8]
where N is the number of households, x the arithmetic mean of household income, and vy, the
income of the kth household. An alternative formulation is:

' N
—'\TZ‘[N-—ZHI& (9]

where s, is the share in total income of the kth household, with s, bigger than s, bigger than s,
bigger than sy. These definitions of the Gini coefficient indicates that stress is placed on the
absolute differences in income between households, rather than the proportionate differences,
and that a transfer of income from ona household to another (all other things remaining the same)
will change the Gini coefficient by {j-k) times 2/N times the share of income transferred from
household j to household k. It can also be seen that the Gini coefficient will increase, indicating
an increase in inequality, if j is larger than k, which arises when the share $; is less than the share
s.. Finally, a transfer of a given amount of income from the very richest equally te everyone eise
would have the same impact as a transfer of an equal amount from everyone to the poorest, even
though the change in income will add proportionately much more to the poos than it subtracts
from the rich.
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Estimation of the Gini coefficient using daic arouped into deciles requires the use of an
interpolation or “curve-fitting” procedure. Kakwani and Podder (1973, further developed in 1976)
found that the following functional form gives a good fit to many empirical Lorenz curves.

I{x) = U(x)e-b0-voh  farh >0 [10]

where U(x) represents the proportion of units that receive income up to x and l{x} represents the
proportion of total income received by the same units whereas b is a parameter. Assuming this
functional form for the Lorenz curve, the Gini coefficient (or concentration ratio) is:

_ (b-1) 2e®
G - 1 - 2 T - b2 [1 1]
The parameter b can be estimated from the linear relation:
lo -ﬂ(x—,=-—b{1— (X)) +w (12]
9 p(x) P

where q and p are the empirical representations of the functions | and U respectively and w is
assumed to be a random disturbance term. Under this assumption, the least squares estimator
of b is asymptotically unbiased and consistent. This estimator for the Gini coefficient is used in
the OECD report (1930b).

The problem of negative incomes in relation to estimation of Gini coetficients has also been
dealt with in the literature, see Chen (1982). This problem arises when using the Kakwani-Podder
formula and has been dealt with here by merging the negative and positive incomes in the first
decile. It should be emphasised that the use of these "curve-fitting” techniques entail a certain
level of imprecision in the estimated Gini coefficients. One reason is the relative modest number
of observations. Another is the fact that the use of linear regression implies that "extreme” obser-
vations carry a relatively high weight and thus influence the results more heavily than observations
around the average.
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Annex Il

INCOME SUBJECT TO TAX UNDER THE PERSONAL INCOME TAX
STANDARD CLASSIFICATION

Amounts in national currency within each decile group

i

2

3.

)

Length of income classes
. Number of tax units in classes
Amount of taxable income

. Standard allowances

4.1 Non-income related standerd sHowances
4.1.1 Basic allowances
4.1.2 Work related expenses
4.1.3 Family and age related allowance
4.1.4 Social security contributions
4.1.5 Other standard allowances

4.2 income related standard allowances
4.2.1 Basic allowances
4.2.2 Work refated expenses
4.2.3 Family and age refated aliowances
4.2.4 Sociel security contributions
4.2.5 Other standerd allowances

Taxable income plus stendard aliowances

Non standard allowances

6.1 Transport and other work related expenses
6.2 Social security contributions

6.3 Insurance expenditures

6.4 Mortgage iaterest expenditures

6.5 Other interest expenditures

6.6 Partly exempt income

6.7 Other non-standard allowances

Income subject to tex (5+6) divided into:

7.1 Employment income

7.2 Fringe benefits

1.3 Business income

14 Interest income

1.5 Dividend income

16 Other investment income

1.7 Rent income

7.8 Imputed rent

1.9 Public pensions

7.10  Private pensions, annuities and life
assurance

7.11  Social transfers

7.12  Alimony and maintenence receipts

7.13  Capital geins

7.14  (ther income sources

8. Exempt income

10.

.
12.

13.

14,

8.1 Interest incoms

8.2 Social transfer

8.3 Fringe benefits

84 Capital geins

8.5 Other exempt types of income

Gross income (7+8)

Other income items

10.1 Hiegaily non-reported income
10.2 Other income items

10.1.1 Positive income items
10.2.2 Nepative income items

Total income {9+ 10}

Totsl amount of taxes

121 Central government taxes

122 State/Regional government taxes
123  Local government taxes

Amaunt of tax credits

13.1 Standard tax credits
13.1.1 Income related

13.1.2 Non-income related

13.2 Non-standard tax credits
13.2.1 Income related

13.2.2 Non-ncome related

Final net tax Habilities (12-13)
14.1 Central government taxes
14.2  State/Regional taxes
14.3  Local government taxes

Sowrce: "The personal income tax bass: A comparative surwey”, OECD 1890,
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