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index of tax progressivity is employed. This enables contributions from vertical redistribution and
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have a number of advantages.
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1. Introduction

One main advantage of considering information from empirical measures of tax progressivity liesin
its twofolded informational content. With micro-level datainformation at hand, descriptions of pre-tax
income distribution can be analyzed jointly with either the distribution of tax burdens, as according to
the disproportionality measure (Kakwani, 1977), or the distribution of income after shaping from tax
schemes, asin redistributional effect procedures (beginning with Musgrave and Thin, 1948). The tax
policymaker can then assess to what extent the tax system decreases income disparities, by addressing
information on distributions of tax burdens and of post-tax and pre-tax incomes. Astax policies often
are discussed in an intertemporal perspective, for instance because governments are evaluated with
respect to their efforts to redistribute income, information from tax progressivity measuresis
advantageous: trends in inequality of pre-tax income distributions can be held up against changesin
disgtributions of taxes or post-tax income.

Trends in tax progressivity are obviously influenced by a number of factors. Not the least
from a policymaking perspective, it is of great interest to isolate the effects of tax policiesin order to
obtain a better understanding of the driving forces behind a particular observed pattern. The literature
has offered some suggestions to obtain more detailed information on tax policy effects, and two such
efforts are the approaches proposed by Kasten, Sammartino and Toder (1994) and Dardanoni and
Lambert (2002). Kasten, Sammartino and Toder (1994) suggest to identify effects of tax policy
changes through a"fixed-income" approach, which means that pre-tax income distributions are kept
fixed, a base year being chosen and exposed to taxation as per the various tax schemes of the period.
Dardanoni and Lambert (2002) propose to compare post-tax distributions that have been adjusted to a
common base regime, in which differencesin pre-tax income inequality have been eliminated: thisis
the so-called "transplant-and-compare” approach.

The main contribution of this paper comes by applying each approach to the evaluation of
tax policy in Norway 1992—2004. In so doing, we expose their respective strengths and weaknesses. A
main criterion isthat results should not be sensitive to the choice of base year, when the
methodol ogies are employed in order to rank tax progressivity effects of tax schemes. On this ground,
aswell asfor ease of application, transparency and informational requirements generally, we find that
the transplant-and-compare procedure has a number of advantages.

Our study employs the Blackorby-Donaldson index of redistributional effect (Blackorby
and Donadson, 1984) in order to measure global tax progressivity. This measure is normative in the
sensethat it isrooted in social welfare function reasoning, in line with Atkinson (1970). The overal
redistributional effect is decomposed into avertical effect and a horizontal inequity effect, under the

view that horizontal equity violations are separated and controlled for in order to describe the vertical



performance of the tax system. Estimates of horizontal inequity are derived according to two main
perceptions of tax systems' vertical effects; the "classical view" (Musgrave, 1990) and the "no
reranking perspective" (Atkinson, 1980; Plotnick, 1981). The former identifies vertical redistribution
as the average effect on relative income differentias, while the latter defines the vertical effect asthe
transformation from the given pre-tax income distribution to the given post-tax income distribution
that would not create procedural unfairness, in terms of rank reversals. The indices of horizontal
inequity that are employed rest upon the same social welfare function foundation as the Blackorby-
Donaldson index, described for the classical approach by Duclos and Lambert (2000) and for the no
reranking approach by King (1983) and Jenkins (1994).

The structure of the paper is asfollows. In section 2, we present the Blackorby-
Donaldson index of tax progressivity, and we introduce the associated measures of vertical
redistribution and horizontal inequity. In section 3 we present a series of tax progressivity measures
for Norway 1992—-2004, each conditioned by that year’ sincome distribution, in order to set the scene
for our subsequent isolation and analysis of tax policy effects. The two methods to distinguish the
effects of tax policies from those of distributional change over the period, the fixed-income and
transplant-and-compare methods, are presented and contrasted in Section 4. Section 5 concludes the

paper with adiscussion of its main findings.

2. The Blackorby-Donaldson tax progressivity measure and
associated measures

Theredistributional effect measured by the Blackorby-Donaldson index

Decompositions of redistribution (RE) into vertical effects (VR) and horizontal inequity (HI) have
been undertaken in terms of variousinequality indices. In each case, the decomposition takes the form
@) RE =VR-HI .

See Aronson, Johnson and Lambert (1994) for the Gini coefficient, Lambert and Ramos (1997) for the
mean |logarithmic deviation and Duclos and Lambert (2000) for the Atkinson index. Note that
horizontal inequity enters as a deduction from the vertical redistribution component, which signifies
that the overall redistributive effect is reduced by presence of horizontal inequity, or in other words:
measures of the vertical stance of the tax system (VR) usually have a higher value than the overall
redistributive effect (RE), since the horizontal effect (HI) reduces the actual redistributional
performance of the tax system. In this perspective the tax breaks that cause horizontal inequity are

measured as costs of foregone redistribution, see Ramos and Lambert (2003) for more on this.



Here we derive RE in terms of the Blackorby-Donaldson index (Blackorby and
Donaldson, 1984, henceforth BD). It measures progressivity as the proportionate increase in equality
relative to theinitial level of equality. Its dependency on theinitial level of equality (one minus
inequality in pre-tax income) implies that it will evaluate atax system as more progressive, when for
the same improvement from the pre-tax income distribution to the post-tax income distribution, the
initial pre-tax income distribution is more unequal. Subscripts x and y denote pre-tax and post-tax
income respectively.

@ Mep(@ =01 ie_)l"(é)(e)

The BD index is founded on a socia welfare function reasoning, asit employs the
Atkinson (1970) index I(e) as inequality measure. We let e be the (relative) inequality aversion
parameter, capturing the concavity of the assumed utility function of a socia decision-maker
(henceforth SDM). The more concave this utility function is, the greater the net utility gain from any
given rich-to-poor transfer. Higher values of e correspond to greater socia valuations of equality. Let

& definethelevel of income which, if equally distributed amongst all persons, would give the same

level of social welfare asthe original distribution. Because of the concavity, average utility of income
falls short of what would pertain if the distribution were equal —the more so, the higher ise. The

Atkinson measure of inequality 1(e), whichis given as
© @=1-=,
u

where u is average income, measures the percentage of all income which could be given up, with no

loss of social welfareif the remainder were distributed equally. Almost all income would be sacrificed
in order to achieve equality when e approaches infinity.* For practical purposes, using micro data
derived from a sample survey, the following measure is employed (here with respect to pre-tax
income, X):

1

> (x)l‘f‘e
() |X(e)=1—[‘lzw' if

X

e>0Aexl,

where w; is the weight of observationi.
The BD index, as defined by equations (2) and (4), can be perceived as measuring the
proportion of after-tax income the SDM would pay to convert a flat-tax system into the given one (see

the appendix in Duclos and Lambert, 2000, for more on this). This definition of the BD index

! Seee.g., Cowell (2000) and Lambert (2001) for different interpretations of this approach to inequality measurement.
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highlights the "cost of inequality" interpretation that usually can be given to measures based on the
Atkinson index of inequality. However, the costs are here "costs of proportional taxation". This

amount increases the more progressive the tax system is, and the more inequality-averse the SDM is.

Horizontal inequity

Horizontal inequity can be seen as aviolation of the principle of horizontal equity; the "equal
treatment" of "equals’, a basic command of tax design (Musgrave, 1990). We may represent

horizontal inequity by employing two different suggestions seen in the literature, the "classical" and
the "no reranking" approaches. Both are based on essentially the same socia welfare foundation as the
BD index.

a. Classical

The classical approach to horizontal inequity measurement starts from a perception of the vertical
effect, VR in equation (1), as an effect on average on relative income differentials, i.e. anong unequals
(Musgrave, 1990; Aronson, Johnson and Lambert, 1994; Jenkins and Lambert, 1999). In order to
identify VR one has to eliminate HI, as this precludes the measurement of VR. But who are the
unequals (or the equals)? Duclos and Lambert (2000) suggest to define the equals by "banding”, but
instead of imposing these bands "exogenoudly", they let the equals be identified by statistical methods:
the kernel smoothing technique, which implies that standard statistical methods for bandwidth
selection can be employed. The cost of inequality within each band j defines horizontal inequity,
where the cost is defined by the difference between average post-tax income and the equally

distributed equivaent, £; . The definition of HI is, thus, kept within the same social welfare approach

asthe index of redistributional effect. The amount the SDM iswilling to give up in order to eliminate
HI within group j is defined by:

1

1 f
%) szﬂj_égj:ﬂj_lz Z\“Nr,vk(yk)l_f] if f>0Af=1,

keSj
where subscript k refersto person k within equal-group j (note that the sorting is already done through
the kernel procedure), and where u; is average post-tax income in group j. While e represented
inequality aversion in equation (4) above, now f denotes horizontal inequity aversion in equation (5).2
In order to turn this measure into a global index, we do two things. First, we summarize

over al Hj's:

2 See the discussion in Auerbach and Hassett (2002) on separate social preferences toward vertical and horizontal equity.
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where \7v,- = Zwk lim for ke S; and subscript C symbolizes classical approach Second, the aggregate

X—>00

(6) He

measure is turned into a unit free index by dividing by the overall average post-tax income, s, :

@) Hl. = ,U_y .
Thisindex of classical horizontal inequity is invariant with respect to scale, i.e., invariant to equi-
proportionate post-tax income change.

Our measure of the vertical effect under classical horizontal inequity, symbolized by VR,

is derived by adding the horizontal effect to the overall measure of redistribution, 1 :
(8 VR, =Ilg, +HI¢.
Hence, when discussing classical vertical redistribution in the following, the term "classical” refers to

the method of measuring horizontal inequity, which in turn has bearing on the measurement of vertical
redistribution.

b. Noreranking

The "no reranking” procedure arises from the perception that if individuals are reranked in the
transformation from pre-tax income to post-tax income, this amounts to procedural unfairness
(Atkinson, 1980; Plotnick, 1981). Asfor the classical measure, the vertical action of the tax system,
VR\r in this case, is defined net of horizontal inequity effects, cf. equation (1). The following outlineis
based on the modification by Jenkins (1994, p.730) of the suggestion of King (1983). The HI index
according to the King/Jenkins' no reranking procedure is defined by

1/1-e

N e

Z[W.yi (2+(1yi - |/ﬂy))_a}

9 Hl g =1-| - -
Z\leil—e

where subscript NR symbolizes no reranking, and r; is the post-tax income individual i would have had

if e>0Ane#l,

if he had kept the same position in the post-tax income ranking as his position in the pre-tax income
ranking. Hlyg isanumber between 0 and 1: there is no HI when Hiyr is zero, while maximum HI is
derived for Hlyr equal to one. The King/Jenkins approach introduces the parameter a, which isthe
horizontal inequity aversion parameter, whereas e is the inequality aversion parameter as above. Hlyg

measures the proportion of total post-tax income that the social decision maker iswilling to give upin



order to eliminate horizontal inequity. The cost in absolute terms would be H g = Hl (g, ,

corresponding to equation (7) under the classical approach. However, in contrast to the measure of

classical HI employed in this study, estimates of no reranking HI depend on the overall aversion

parameter, e, as seen in equation (9). The effect of assumptions with respect to the degree of inequality

aversion is complex, as variationsin e influence both the evaluation of the horizontally inequitable

observed distribution and the level of social welfare were there no HI (Jenkins, 1994, p. 731).
Analogously to equation (8), we propose to measure vertical redistribution for the no

reranking procedure, VRyg, from redistributional effect [1,, and the measure of horizontal inequity

Hlng, by adding:

(10) VR =1l + Hl g

Just as for the classical measure, the no reranking measure of horizontal inequity isinvariant to equi-

proportionate post-tax income change.

3. Trendsin tax progressivity: Norway 1992—2004

In order to set the scene for our examination of tax policy effectsin Norway, we evaluate horizontal
and vertical trendsin tax progressivity using the measures just described and data for the period from
1992 to 2004. Such comparisons, of year-specific progressivity indices, have been the main
methodological vehicle for over time studies of tax progressivity heretofore; cf. e.g., Bishop et .
(1997) and Lambert and Ramos (1997) for recent analyses of datafrom the U.S. and Spain,
respectively.

Micro level information on incomes, deductions, household composition, etc., are derived
from the yearly Income Distribution Survey for the period 1992-2002, while data are projected from
2002 to 2003 and 2004 in order to establish the 2003 and 2004 income distributions.® The Income
Distribution Survey is ayearly sample-based survey comprising information from income tax returns
and sacial security registers. The extrapolations for 2003 and 2004 are based on information from
various sources, such as measures of wage growth, capital losses, etc. Measures of tax burdens are
obtained by employing Statistics Norway's tax-benefit model LOTTE.” The nature of the data poses a
number of measurement issues. One important challenge is that data from government registers often
reflect the bureaucratic purpose of collecting them. Hence, our series of data are assessed with respect

to changing accounting rules. Further, income is measured by equivalent income, which is derived by

® These data projections highlight the advantage of employing tax-benefit model technology in such analyses. In principle,
the series of data could have been further extended.

“In general, there i's close correspondence between what the tax-payers actually pay according to the Income Distribution
Survey and the simulated tax burdens.



aggregating income over household members, weighing with an equivalence scale, and letting each
household be represented with as many persons as there are household members. This procedureisin
accordance with what Ebert (1997) describes as method 3. A small number of observations have been
removed each year, due to negative pre-tax incomes.®

Thetax progressivity index that is employed in the current analysis and its decomposition
into vertical and horizontal effects involves selecting values for the inequality aversion parameter, e,
and for the horizontal inequity parameters, f and a, representing aversion to horizontal inequity under
the classical approach and the no reranking procedure, respectively. In the following we present results
for the values e=0.25 and e=0.75, which replicate parameter choices of Duclos and Lambert (2000)
with respect to Canadian data. In order to alow for an alternative that puts a higher value onrich to
poor transfersin the case of Norway, we also present results for e=1.25." Parameter choices for
overall inequality aversion must, of course, be combined with choices of horizontal inequity aversion
in order to invoke our measurement system. After some experimentation and with the benefit of

hindsight, we made the following choices: For e=0.25, wechose f =0.25 and a=0.025; for
e=0.75, f =0.50 and a=0.05; andfor e=1.25, f =0.75 and a=0.05. We discuss the sensitivity

of horizontal inequity rankings with respect to parameter valuesin Appendix B.

The kernd procedure of the classical approach involves computational choices, evenif it
can be argued that this procedure to identify equalsis less restrictive than other suggestions (Duclos
and Lambert, 2000). The "close equal's groups" are defined by employing a Gaussian kernel function®
where the optimal bandwidth is approximated by Silverman's rule of thumb (Silverman, 1986), and
sample weights are utilized in order to control for representativity. The number of grid pointsis set to
500. Appendix B also reports results of altering the number of grid points.

In order to approach the normative and decompositional characteristics of tax
progressivity, Table 1 presents figures for some of the components of the progressivity indices.
Information for three yearsin the period under consideration is given; 1992, 1998 and 2004;

calculations for each year are presented for the combinations (e=0.25, f =0.25, a=0.025),
(e=0.75, f =050, a=0.05) and (e=1.25, f =0.75, a=0.05). Asdescribed by equation (4), the

Atkinson indices for pre-tax and post-tax income, I, and |, are constructed from estimates of average

® Ebert’s method 4 uses the "equivalent adult” as the unit of analysis. We return to thislater in the paper.

® Negative incomes mainly stem from capital loss realizations. The procedure deletes not more than 0.3 percent of the
origina samples. One extreme observation at the high end of the 1998 post-tax income distribution has also been taken out,
see footnote 21.

” In accordance with the impression that there may be a high degree of inequality aversion in Scandinavian countries. Such
attitudes, however, remain to be identified; see Lambert, Millimet and Slottje (2003) on inequality aversion across countries.

8 One should be aware that a Gaussian kernel is not the only kernel available, see Chapter 3 in Silverman (1986).



incomes and of the equally distributed equivalents (£ ). The Atkinson index increases monotonically

with g for instance the inequality in post-tax income in 1992 increases from 2.4 percent for e=0.25
to 12.1 percent for e=1.25. If thereis more inequality, the Atkinson index increases, the SDM
becoming willing to accept alower level of equally distributed income in order to eliminate income
differences. The estimate of 12.1 percent means that, if incomes were equally distributed, only 87.9
percent (100% —12.1% ) of total (equivalent) income in 1992 would be required to achieve exactly the
same level of total welfare. Inequality in both post-tax and pre-tax income increases over the time
period. Thisis clearly not explained by uniform income growth, as the index is invariant with respect
to scale.

Tablel. Estimatesof some of the components of tax progressivity measures

1992 1998 2004
Ly 198,961 261,414 359,476
Ay, 153,316 194,807 272,355

0.25 0.75 125 0.25 0.75 125 0.25 0.75 125
0.25 0.50 0.75 0.25 0.50 0.75 0.25 0.50 0.75

e

f

a 0.025 0.05 0.05 0.025 0.05 0.05 0.025 0.05 0.05
i 192,537 179,910 166,786 | 251,380 233,091 211,784 | 337,900 305,563 261,770

s 149,651 142,398 134,702 | 188,874 178,351 165,650 | 256,434 235,253 206,812

(%) 3229 9575 16171 | 3.838 10.835 18985 | 6.002 14998 27.180
[, (%) 2391 7121 12141 | 3.046 8447 14967 | 5846 13.622 24.065

Hc 79 158 236 115 230 345 323 634 940
Hyr 225 399 361 296 467 398 683 775 573
Hlc (%) 0.051 0.103 0.154 | 0.059 0.118 0.177 0.119 0.233 0.345
Hiwr (%) | 0.147  0.260 0.236 0.152 0.240 0.204 0.251 0.284 0.211

Table 1 presents cost measures of horizontal inequity, cf. equation (7),” both for the
classical approach and the no reranking procedure. We see that for e=0.25 and f =0.25 the SDM is

willing to pay a"fee" of NOK79 of post-tax income per person in order to eliminate classica
horizontal inequity in 1992, which meansthat the equal welfare level without horizontal inequity is
rather close to average post-tax income. Thereisless classical horizontal inequity for smaller fees. In

other words, a small fee indicates that there is good correspondence between tax burdens of persons

® The same relationship between absolute costs of horizontal inequity and the index, as seen with respect to the classical
approach in equation (7), also appliesto the no reranking approach.



with similar pre-tax incomes.™ Table 1 a'so confirms, as we would expect, that the SDM iswilling to
pay more to eliminate classical HI asf increases. Note that classical HI, as defined in this study, is
independent of the choice of overal inequality aversion.

Thisisin contrast to the no reranking measure employed in this study, which depends
upon values of both e and a, see equation (9). According to the no reranking approach, the estimated
costsin 1992 for e=0.25 and a=0.025 are NOK 225, which means that the SDM iswilling to pay
NOK 225 per person in order to abolish reranking of individuals in the transition from the pre-tax to
the post-tax income distribution.™* Hlyg, which isindependent of scale, measures these costs in
proportion to mean post-tax income. As noted above, horizontal inequity according to the no reranking
criterion is associated with procedural unfairness of the tax system, while classical horizontal inequity
isrooted in the unfair treatment of persons within groups, cf. e.g., Jenkins and Lambert (1999).

Figure 1 showsthe trend in tax progressivity from 1992 to 2004 for e=0.25, e=0.75
and for e=1.25. Thistrend is downward, however it isless marked for the latter choice of inequality
aversion (cf. Table Alin Appendix A for more detailed descriptions of the estimatesthat Figure 1 is
based upon).* Different values of e correspond to variations in emphasis on changes in different parts
of theincome distribution. For e=0.25 and e=0.75, both in terms of the two vertical measures, VR:

and VRyr, and in terms of the overall redistributional effect, [1g, , the estimates of 1992 are
significantly higher than in 2004, according to 95 percent confidence intervals. For e=1.25, [1;; is

significantly higher in 1992 than in 2004. The confidence intervals are obtained by bootstrapping
procedures, drawing 200 random samples (with replacement) of the same size as the survey samples,
and deriving tax progressivity estimates from each of these 200 samples. The rather low estimates of
variance yield non-overlapping confidence intervals for measures of overall tax progressivity in 1992
and 2004.

1% Thereis a close relationship between this procedure and income inequality measurement by the Atkinson index, as costs
are derived from equally distributed post-tax incomes within equal s-groups, see Section 2 above.

1 sych "abolition" would involve reassigning the given post-tax income values to persons in accordance with their pre-tax
ranks. See Lambert (2001), chapter 10, for more on this.

12 Remember that alternatives of inequality aversion parameters are combined with choices of horizontal inequity.

13 The standard errors are not reported, but are in general low. We find 95 percent confidence intervals smaller than
11 percent, as aso reported by Duclos and Lambert (2000).
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Figurel. Trendsinoverall redistributive effects, vertical redistribution and horizontal
inequity 1992-2004, combinations (e = 0.25, f = 0.25, a = 0.025),
(e=0.75,f =0.50, a=0.05), (e=1.25,f =0.75, a=0.05)
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According to Figure 1, maximum progressivity isreached in 1994. That year, the BD
index reaches about 3.5 percent, for e=0.75. This means that the SDM would pay about 3.5 percent
of post-tax income to convert an equal-welfare flat tax into the existing tax schedule. So far, the
literature offers rather few BD index estimates, to which these results can be compared. However,
according to Canadian figures, reported in Duclos and Lambert (2000), the corresponding
progressivity feein 1994 of a Canadian SDM is nearly 50 percent.’* The lower panel of Figure 1
shows that the fee to convert an equal-welfare flat tax rate into the extisting tax rises above 6 percent
in 1994, when it is assumed that the SDM is more inequality-averse (e=1.25). Ebert (1997) argues
that one should employ artificial distributions with "equivalent adults" as the unit of analysis (not the
individual, as here), asthisisin accordance with a social welfare approach. However, sensitivity tests
reveal that orderings of years with respect to tax progressivity do not change when employing
equivalent persons as unit of analysis.”

With respect to trends in horizontal inequity, Figure 1 shows arather stable pattern over
the period, both according to the classical approach (HIc) and especially as per the no reranking
procedure (Hlng). Horizontal inequity increases from 1992 to 2004 according to the classical measure
(at the 95 percent confidence level), while the no reranking measure of HI shows an increase from
1992 to 2004 for e=0.25 and a=0.025 and for e=0.75 and a=0.05, and afall for e=1.25 and
a=0.05. Asthe horizonta inequity aversion parameter is kept constant at 0.05 both for e=0.75 and
e=1.25, the divergent results according to the no reranking procedure come from variationsin e.
When e increases, there is more emphasis on rerankings at the lower end of the distribution, which
indicates that there has been a change in the distribution of rerankings between 1992 and 2004.

Vertical redistribution according to both the classical and no reranking approaches has
essentially been in decline throughout the period. Of course, these estimates conflate the effects of
changing demographic and cyclical factors, that influence pre-tax distribution, with those of the tax
scheduleitsdf. One would reasonably expect that changesin tax schemes have contributed in a major
way to these trends. In the rest of this paper we discuss results of two different methods to determine

such contributions.

14 An important reason for the relatively low progressivity of the Norwegian tax system is the low degree of inequality of the
initial pre-tax income distribution. As noted above, the BD index evaluates atax system as more progressive when, for the
same improvement from the pre-tax income distribution to the post-tax income distribution, the pre-tax income distribution is
more unegual.

% Thisisin contrast to afinding of Decoster and Ooghe (2003) for Belgian data. In their study using dominance analysis,
these authors warn that "using the number of equivalent individualsasweights ... leads to fanciful results with respect to the
choice of equivalence scale” (ibid., p. 173).

12



4. Tax policy evaluations

Time trends in tax progressivity estimates conflate both trendsin the distribution of pre-tax income
and effects of tax policy changes carried out over the time period. In this section, first we describe the
main features of the Norwegian tax system in the period 1992-2004, and then we apply two different
methodol ogies to isolate the effects on progressivity, vertical redistribution and horizontal inequity of

these tax changes.

The Norwegian income tax, 1992-2004

The reform of 1992 entailed the adoption of adual income tax system (see Sgrensen, 1998), with a
single basic tax rate of 28 per cent for both capital and labor income. In addition, wage income and
incomes from self-employment were subject to asocial security tax and atwo-tier surtax, with rates
of 9.5 percent commencing at NOK 200,000 and 13 percent tax starting at NOK 225,000. The surtax is,
of course, akey progressivity-maintaining feature of the tax system. This part of the tax system has
undergone substantial changes over the subsequent period. By 2004, the first rate had increased to 13.5
percent and kicked in at NOK 354,300, while the second rate had risen to 19.5 percent, starting at
NOK906,900. The combination of exemption and rate increases makes the overall effect difficult to
gauge by only considering statutory tax-law regulations. Such changes reinforce the demand for micro
dataanalysis.

Dividends, mainly an income source for high-income earnersin Norway, were taxed at
theindividual level in 2001, prior to which they had been taxed at the corporate level only. Thistax
meant |ess profits transferred to individuals and more corporate savings.™® It was widely believed that
the individual tax would be temporary, which was shown to be true.

Several characterigtics of the Norwegian tax system represent potential sources of
horizontal inequity. Obviously, the dual income tax system implies that taxpayers may face different
tax burdens, dependent on income composition, for the same size of income. There are also special tax
breaks for individuals living in the northernmost parts of the country, for charitable giving and for
mortgage interest, along with ajoint filing scheme for married couples. Obvioudly, these tax breaks
may serve respectable social goals, such as maintaining population figuresin the north, promoting
home ownership, and so on. As noted in Section 2, these special treatments are assessed here in terms

of costs of foregone redistribution.*

18 This finding also draws attention to measurement problems, created by difficulties of assigning corporate sector incomes to
individuals.
17 See also Aarbu and Thoresen (2001) and Thoresen (2004) for further descriptions of the Norwegian tax system.
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The Kasten-Sammartino-Toder procedure

Kasten, Sammartino and Toder (1994), henceforth KST, isolate effects of tax policy changes on
progressivity through a fixed-income approach, which means holding the pre-tax income distribution
fixed and letting it be exposed to taxation as per the tax schemes of the period.®® This method might
provide robust measures of tax-policy effects over time: for example, one particul ar tax scheme might
be seen to dominate all others with respect to distributional effects. However, KST reported that their
results were not independent of which base year was chosen for the tax law comparisons.

K ST based their evaluations on measures of effective tax rates by quintiles. In our
application, we use the summary measures presented in Section 2. In accordance with KST, we
present results for several pre-tax income distribution bases; we choose those of 1992, 1998, and 2004.
For each of these data sets, we | et individuals be exposed to taxation as per the tax laws of 1992, 1995,
1998, 2001 and 2004. When tax regulations diverge from the point of time of the pre-tax income
digtribution, they are inflated or deflated to match the pre-tax income distribution, by a factor based on
developments in wage per norma man-year. This means that all thresholds, including income
deduction thresholds and tax deduction thresholds, are adjusted by the wage growth.

Under this method, special care must be executed with respect to new taxes and taxes that
disappear during the period. The home care alowance, which was introduced in 1998, serves as an
example. The home care allowance gives parents of preschool children aged 1-2 atransfer in cash that
depends on utilization of public or private day care centers. After 1998, the dataincludes information
on home care allowance dligibility, while older data sets do not contain information that permit such
simulations. Therefore, when we apply the tax scheme of 2004 and 2001 to the datasets of 1998, 1995
and 1992, an equal size transfer to all families with children aged 1-2 is our only way of representing
the home care alowance.

Figure 2 shows how tax palicies of the period 1992—2004 are evaluated in progressivity
terms under the KST approach, dependent on base year (cf. Table A2 in Appendix A for more detailed
information). Note that results are shown for e=0.75, only. The most striking feature of Figure 2 is
the lack of variation over time in progressivity and also in horizontal and vertical effects according to
this method. For instance, the upper panel (base 1992) shows hardly any variation at all. The problem
of base-dependent results, as reported by KST, does also to alimited extent apply to the results of
Figure 2: A small increase in tax progressivity from 1992 to 2004 is seen when pre-tax income
digtributions of 1998 and 2004 are employed as base years, while no significant results can be derived
when data of 1992 are utilized.

18 K ST carried out a comprehensive evaluation of U.S. federal tax burdensin the period 1980-93, including effects of income
taxes, excise taxes, payroll-taxes and corporate taxes. See Decoster and Van Camp (2001) for analysisin the same vein.
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Figu

re2. Taxprogressivity evaluations of tax policies 1992-2004. The K asten-Sammartino-
Toder procedurefor different pre-tax income bases. 1992, 1998 and 2004
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Let us point out some significant problems for practitioners that this application of the
K ST methodology has brought up. Firstly, we find that results are sensitive to the choice of factors
used to inflate or deflate tax systems to the base year. For instance, we find that the 1992 tax-law
wage-inflated to 2004 generates less tax revenue when applied to the 2004 pre-tax income distribution
than the tax system of 2004 applied to the same 2004 pre-tax income distribution. If we adjust post-tax
income in 2004 for these differencesin tax revenues, the overall tax progressivity of 2004 falls below
the estimate according to the 1992 tax-law. This problem, i.e. that results are sensitive to tax revenue
effects, did not apply to the analysisin KST’ s paper, as they employed measures that are tax scale
invariant (average tax burdens over quintiles).

Secondly, results are necessarily sensitive to how we define pre-tax income. In this study
we employ arather broad measure, which includes transfers. These transfers themselves may be
subject to regulation over time, and thereby affect the pre-tax income distribution as well as the post-
tax distribution. For example, when we exposed the 2004 base distribution to previous changesin the
child benefit, we found that by making a concomitant change in the base (pre-tax) distribution itself,

we got significantly different results from those obtained by ignoring this adjustment.

The Dardanoni-Lambert approach
Dardanoni and Lambert (2002), henceforth DL, suggest another method of transplanting one tax
system into another, in order to undertake tax progressivity comparisons over time, based on the same
motivational underpinning that applies to the approach of KST. The basic ideais that one schedule be
imported into the income distribution of the other, controlling for inequality differences between the
two regimes (or from both of them into acommon regime). Distributional comparisons after such
importation are guaranteed invariant to the choice of baseline if candidate distributions are isoelastic
transformations of one another. An isoelastic function takes the form
(12) g(x)=A¢ A>0,b>0
Making an isoelastic transformation means that pre-tax income distributions, in logarithms, differ only
by location and scale, or in terms of the log of equation (11), differ only by the intercept In A and the
slope parameter b.

More formally, if wethink of an income schedule N as mapping pre-tax income, X, into

post-tax income, y, the DL procedure is based on finding a deformation function, g(x) that defines a
modified post-tax income schedule N¢, induced by N on deformed incomes. If the pre-tax income

distribution is F, the definition of the transformed regime, <N, F>g ,issuchthat N9 in fact operates on

the distribution F o g™* and g(X) can be chosen to render F - g™ into any desired other distribution.

16



A key result of the DL procedure isthat base-independent results are guaranteed when the
deformation function, g(x), isisoelastic (and only then). In more simple terms; base-independency is
ensured if the pre-tax income distributions only differ in logarithms by location point and spread (thus,
not admitting shape dissimilarities: differencesin scale involve expansions or contractions of
disgtributions without altering their basic form). A way to approach this requirement isto assess
goodness of fit with respect to alocation-scale-invariant family of distributions, examples of which are
the lognormal, Pareto and Singh-Maddala families of distributions. Accordingto DL's Theorem 2,
part (a), if the fit is good, the estimated parameters can be applied in order to transform distributions

into a chosen one, for exampl e the standard lognormal distribution based upon N(0,1). We may find

that traditional goodness-of-fit tests based on empirical distribution functions, such as the test statistics
of Kolmogorov-Smirnov, Cramer-von Mises and Anderson-Darling, lead to rejection of such models.
However, one might question the adequacy of relying on statistical tools only in this case, aslarge
samples might reject the null hypothesis even if the approximation is appropriate. Thisissueis
discussed by e.g., McCloskey (1985) and Hendry (1995) from a more general perspective.

Instead of relying on one specific parametric model of size distributions, we may utilize
another result of DL, in part (b) of their Theorem 2, which vouches that comparisons can be carried
out without involving any specific model distribution, whenever distributions differ in logarithms only
by location and scale. From a practical point of view, this means that we should be able to reproduce
the income distribution of year 1 on the basis of year 2, if we adjust year 2 by measures that represent
differences of location and scale between the two, represented by the A and b of equation (11) above.
In this case, comparisons can be undertaken by "importing" the schedule of year 1 into year 2.

To make the procedure more clear, |et us say that we would like to compare the tax
progressivity of 1992 with the tax progressivity of 2004, employing the same data sources as above. If

we transform incomes into logarithmic form,*® the comparison will produce base-independent results

if the vector Inx!%?

is sufficiently close to the vector a+blnx**, for some a and b > 0, where the
latter vector follows from taking logarithms of equation (11) (In A= a). Thus, the method implies
finding estimates of a and b that minimize the differences between the two distributions in terms of
location and scale. This corresponds to finding the intercept and slope in atraditional OL S regression,

with pre-tax income in 1992 at each quantile as the dependent variable, and pre-tax income of 2004 at

the same quantile as the explanatory variable (both in logarithms). The R? statistic becomes the

relevant measure of goodness-of -fit. Before undertaking the regression, we need to transform the

9 A variable s belongs to alog-location-scale family if t=log(s) is amember of the |ocation-scale family, see Meeker and
Escobar (1998) for more on this.

17



larger sample, 2004, to the same size as the smaller, 1992, see footnote 23 in DL. Then we regress the
pre-tax vector for 1992 on that for 2004:

(12) INX*? =a+bInx* +¢,

wherethe & arerandom errors (which are assumed independently and normally distributed with zero
mean and common variance), and subscript i refer to the rank of observationsin the two equal-sized
samples. If the fit is good, we can transform 2004 post-tax incomes, which reflect the tax schedule of
2004, into 1992-adjusted 2004 values of post-tax income, yig , Where the topscript indicates that the
post-tax incomes have been adjusted by a fitted deformation function. The comparison-relevant post-
tax income distribution is now derived by employing estimates of location and scale from equation
(12). Although the normality assumption for & is not invoked by DL, results presented in Table C1in
Appendix C clearly show that incorporating a measure for the estimated residual in (12) is
advantageous, in order to reproduce pre-tax income inequalities. Thus, we used:

(13) Yo = Iy

to estimate the post-tax income distribution, where the random component is derived by making
independent draws from a normal distribution with zero mean, and with standard deviation equal to
the root mean-square error. The transplanted distribution of pre-tax income is derived similarly

(though it could be argued that one might employ the pre-tax income distribution of 1992, Fy,,

instead of the distribution function Fyy, o Ej_l, asthelatter is meant to approach the former, an issue to

which we return shortly). The relevant regimes for comparing tax progressivity of 1992 and 2004 now

become the pairs (Nigg, Fige, ) @0 (N, F2004>é , where g is defined by equations (11)—(12).

If relative pre-tax income differentials are smaller in 1992 than in 2004, which is signified
by estimates of b < 1, the 1992-transformed post-tax income distribution of 2004 is less dispersed than
in 2004. The fundamental question, which will be discussed with respect to the Norwegian case below,
isto what extent this control for pre-tax income inequality differencesis able to eliminate, or even
reverse, differences between post-tax income distributions of 1992 and 2004 that follow from
>F15«_1az

differences in pre-tax income distributions. Hence, if the regime <N2004, Foooa " holds more

progressivity than <N1992, F1992> , We record a progressivity-enhancing policy change in the period.

This method holds the promise of providing base-independent results. We examine thisissue by

providing empirical results with respect to various base years in the following.
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Theresults of the OLS regressions are presented in Table 2. The log of grossincomein
each of the base years 1992, 1998 and 2004 is regressed against the log of grossincome in each of the
five years: 1992, 1995, 1998, 2001 and 2004.

Table2.  Ordinary least squareregression results; log of grossincomein 1992, 1998 and 2004
regressed against log of grossincome 1992, 1995, 1998, 2001 and 2004

Dependent variable

Y ear of data, Log of gross Log of gross Log of gross
regressors income 1992 income 1998 income 2004
Slope, b - 1071 1.217
Intercept, a - -0.607 -2.115
1992
R2 - 0.973 0.917
Root mean-square error - 0.092 0.190
Slope, b 0.909 0.993 1.149
1905 Intercept, a 1.040 0.270 -1.366
R2 0.977 0.993 0.961
Root mean-square error 0.078 0.035 0.131
Slope, b 0.909 - 1.152
Intercept, a 0.877 - -1.616
1998
R2 0.973 - 0.967
Root mean-square error 0.085 - 0.117
Slope, b 0.879 0.966 1.119
Intercept, a 1111 0.267 -1.383
2001
R2 0.953 0.987 0.967
Root mean-square error 0.112 0.062 0.059
Slope, b 0.754 0.839 -
Intercept, a 2.609 1.783 -
2004
R2 0.917 0.967 -
Root mean-square error 0.149 0.099 -

The slope parametersin Table 2 reflect differencesin scale or spread between the two
digtributions at hand. For instance, the slope parameter of the example we discussed above, in which
pre-tax log income of 1992 isregressed on pre-tax log income of 2004, is 0.754. This signifies that the
pre-tax income distribution of 1992 is significantly less dispersed than the 2004 distribution. As noted

above, the goodness-of-fit measure, R?, isthe key indicator of theisoelastic link, which is essential

within this approach. The measures of R? in Table 2 are generally high; never below 0.9 and mainly

in the range 0.95-0.99. However, it remainsto beinferred at what level of goodness-of-fit this
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procedure can be safely undertaken, or in other words: what does it mean to say that "the isoelastic
form is satisfied"? We suggest discussing thisissue in terms of how well the fitted distributions are
able to reproduce the pre-tax income distributions they are intended to represent. These types of model
evaluations are shown in Appendix C. There we also show that results to some extent depend on
whether we let the dependent variable represent pre-tax income or employ the fitted distributions.
Next, estimates from Table 2 are employed to eval uate progressivity trends from 1992

to 2004. Figures 3, 4 and 5 show results with respect to the three selected pre-tax income distribution
bases, and for the same three combinations of inequality and horizontal inequity aversion as utilized
above: (e=0.25, f =0.25, a=0.025), (e=0.75, f =0.50, a=0.05) and (e=1.25, f =0.75,
a=0.05). Seealso Tables A3, A4 and A5 in Appendix A.

Let usfirst consider what Figures 3 to 5 tell us about base independence. All diagrams tell
the same story: the overall distributive performance of the Norwegian tax system is greater in 1992
than in 2004. Moreover, orderings of vertical redistributive effects of tax schemes of 1992, 1995,
1998, 2001 and 2004 are identical across income bases, which means that the DL approach provides
evaluations of the trend for Norway 1992—2004 which may safely be regarded as base-independent,

unlike those obtained using the KST approach. According to Table 2, R? fallstoward 0.9 when
regressions involve incomes of 1992 and 2004. It is therefore encouraging to see that the results when

applying the 1998 pre-tax income distribution, which are based on regressions where all measures of

R? are above 0.95, are very similar to results based on incomes of 1992 and 2004.

What do Figures 3-5 tell us about Norwegian tax policy over time? A very distinctive
feature is the reduction that has been caused in tax progressivity in 2004. As noted above, the period
from 2001 to 2004 is characterized by high degree of permanence of tax schemes, except that the
temporary individual tax on dividends was removed from 2002 onwards. As dividends increased from
NOK13 billionin 2001, to NOK42 billion in 2002, NOK55 billion in 2003 and NOK65 hillion in
2004%, and as about 90 percent of thisincome component is transferred to tenth decile persons (in
terms of post-tax income), there are reasons to relate the reduction in tax progressivity to the

termination of the dividend tax. The KST approach did not expose this effect.

2 Note that the 2004 income distribution will reflect these income changes, as projection methods utilize updated information
on dividends.
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Figure3. Tax progressivity evaluations of tax policies 1992—-2004. The Dardanoni-Lambert

procedurefor the 1992 pre-tax income distribution
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Figured. Tax progressivity evaluations of tax policies 1992—-2004. The Dar danoni-Lambert
procedurefor the 1998 pre-tax income distribution
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Figure5. Tax progressivity evaluations of tax policies 1992—-2004. The Dar danoni-Lambert

procedurefor the 2004 pre-tax income distribution
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Now let us turn to horizontal inequity. The classical and no reranking measures eval uate
the period somewhat differently: the degree of classical HI is higher in 2004 than in 1992, peaking in
2001 for al base years and for all combinations of horizontal inequity and inequality aversions, while
results according to the no reranking measure depend on the level of inequality aversion, as also seen
in Section 3. However, the overall picture, also signified by Figures 3-5, is that the degree of
horizontal inequity has not changed very much over the period.*

The estimates for classical and no reranking vertical redistribution in Figures 3-5 show
vertical redistribution to have been highest for the 1992 tax law. The DL procedure has allowed usto
filter out other factors, such as demographic and cyclical influences on pre-tax distribution, and
revealsthat, if not for the blip in 2001 (the year of the temporary dividend tax), the vertical stance of

the tax schedule per se would have been in more or less continuous decline over the period.

5. Conclusion

Over time descriptions of tax progressivity are important components of tax policy evaluations. The
twofold informational content of tax progressivity measures raises an important possibility to isolate
effects of tax policy changes in order to improve on the understanding of driving forces behind a
particular observed pattern. The current analysis has employed the only two methods yet put forward
in the literature; the fixed-income and the transplant-and-compare approaches. The first method keeps
incomes fixed and makes tax schemes comparable by inflating or deflating different tax lawsto a
common base year, while the second, the transplant-and-compare procedure, adjusts schedules on the
basis of changes that have occurred in pre-tax distributions. We find that only the latter procedureis
able to produce robust results, i.e., results that are independent of base year when ordering
progressivity effects of tax schemes.

The results of the fixed-income procedure did not yield any illuminating insights, and
were a so found to be sensitive to income definitions and to the choice of factors used to inflate or
deflate tax systems to base years. Employing atax scale invariant measure, such as the Kakwani
measure, might counteract the latter problem: we are not convinced that the combination of the
Blackorby-Donal dson measure and the fixed-income approach to identify tax policy effects can be

recommended. One should also be aware that the fixed-income approach might be technically more

2L As noted in footnote 6 above, we have deleted an observation that received a dividend payment of NOK 70 mill. in 1998. In
the original data set this observation has been given an infinitesimally small weight due to its extreme character. However,
when "enlarging” inequality of 1998 to the 2004 level under the DL approach, this observation was seen to have an
unreasonabl e strong influence on the estimate of classical horizontal inequity. Thus, we decided to remove this observation
from the analysis.
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demanding than the transplant-and-compare procedure, as it requires some sort of tax-benefit
modelling technology.

Given that the transplant-and-compare procedure appears to yield both sensible and
robust results, it is worth emphasizing that data are derived from afairly "stable society": even if the
time period is long, incomes and income distributions develop gradually. It would be interesting to see
if the isoelastic form provides areasonablefit to data of other countries, as well.

This analysis also shows clearly the potential of the normative approach to tax
progressivity measurement of Blackorby and Donaldson (1984), when supplemented by
commensurate indices of vertica redistribution and horizonta inequity. Becauseit is based on a socia
welfare function, this approach yields estimates of the monetary cost of removing tax inequities with
no welfare loss, which will have natura appeal to policy makers aswell as being in the general
tradition of measurement in other areas of public economics. The use of the BD and associated indices
has shown, though, that results with respect to intertemporal horizontal inequity are to some extent
sensitive to which approach is followed, the classical or the no reranking, and to the assumptions
required for the procedures (e.g. parameter values for inequality and horizontal inequity aversion). Our
recommendation is that one should be aware of such sensitivity, but not let it get in the way, as

valuable information on tax schemes can be derived through such applications.

25



References

Aarbu, K.O. and T.O. Thoresen: Income Responses to Tax Changes - Evidence from the Norwegian
Tax Reform, National Tax Journal 54, 319-335.

Aronsen, J.R., P. Johnson and P.J. Lambert (1994): Redistributive Effect and Unequal Income Tax
Treatment, Economic Journal 104, 262—-270.

Atkinson, A.B. (1970): On the Measurement of Inequality, Journal of Economic Theory 2, 244-263.

Atkinson, A.B. (1980): "Horizontal Equity and the Distribution of the Tax Burden", in H.J. Aaron and
M.J. Boskin (eds.): The Economics of Taxation, Washington D.C.: Brookings.

Auerbach, A. and K. Hassett (2002): A New Measure of Horizontal Equity, American Economic
Review 92, 1116-25.

Bishop, JA., K.W. Chow, J.P. Formby and C.-C. Ho (1997): Did Tax Reform Reduce Actua US
Progressivity? Evidence from the Taxpayer Compliance Measurement Program, International Tax and
Public Finance 4, 177-197.

Blackorby, C. and D. Donadson (1984): Ethical Social Index Numbers and the Measurement of
Effective Tax/Benefit Progressivity, Canadian Journal of Economics 17, 683-94.

Cowell, F. (2000): "Measurement of Inequality”, in A.B. Atkinson and F. Bourguignon (eds.):
Handbook of Income Distribution, Vol 1, Amsterdam: Elsevier Science, North-Holland, 87—166.

Dardanoni, V. and P.J. Lambert (2002): Progressivity Comparisons, Journal of Public Economics 86,
99-122.

Decoster, A. and G. Van Camp (2001): Redistributive Effects on the Shift from Personal Income
Taxesto Indirect Taxes. Belgium 1988-93, Fiscal Sudies 22, 79-106.

Decoster, A. and E. Ooghe (2003). Weighting with individuals, equivalent individuals or not
weighting at al: does it matter empirically? Research on Economic Inequality 79, 173-190.

Duclos, J-Y. and P.J. Lambert (2000): A Normative and Statistical Approach to Measuring Classical
Horizontal Inequity, Canadian Journal of Economics 33, 87-113.

Ebert, U. (1997): Socia Welfare when Needs Differ: An Axiomatic Approach, Economica 64, 233—
244,

Hendry, D.F. (1995): Dynamic Econometrics, Oxford: Oxford University Press.

Jenkins, S.P. (1994): "Social Welfare Function' Measures of Horizontal Inequity”, in W. Eichhorn
(ed.): Models and Measurement of Welfare and Horizontal Inequity, Berlin: Springer, 725-751.

Jenkins, S.P. and P.J. Lambert (1999): "Horizontal Inequity Measurement: A Basic Reassessment”, in

J. Silber (ed.): Handbook of Income Inequality Measurement, Boston/Dordrecht/London: Kluwer
Academic Publishers.

26



Jones, M.C., J.S. Marron and S.J. Sheather (1996): A Brief Survey of Bandwidth Selection for Density
Estimation, Journal of the American Statistical Association 91, 401-404.

Kakwani, N.C. (1977): Measurement of Tax Progressivity: an International Comparison, The
Economic Journal 87, 71-80.

Kasten, R., F. Sammartino and E. Toder (1994): "Trends in Federal Tax Progressivity", in J. Slemrod
(ed.): Tax Progressivity and Income Inequality, Cambridge (MA): Cambridge University Press.

King, M.A. (1983): An Index of Inequality: with Applicationsto Horizontal Inequity and Social
Mobility, Econometrica 51, 99-115.

Lambert, P.J. (2001): The Distribution and Redistribution of Income, Third edition, Manchester and
New Y ork: Manchester University Press.

Lambert, P.J., D.L. Millimet and D. Sottje (2003): Inequality Aversion and the Natural Rate of
Subjective Inequality, Journal of Public Economics 87, 1061-90.

Lambert, P.J. and X. Ramos (1997): Vertical Redistribution and Horizontal Inequity, International
Tax and Public Finance 4, 25-37.

McCloskey, D.N. (1985): The Loss Function has been Midaid: the Rhetoric of Significance Tests,
American Economic Review 75, 201-05.

Meeker, W.Q. and L.A. Escobar (1998): Statistical Methods for Reliability Data, New Y ork: John
Wiley and Sons.

Musgrave, R.A. (1990): Horizontal Equity, Once More, National Tax Journal 43, 113-122.

Musgrave, R.A. and T. Thin. (1948): Income Tax Progression, 1929-48, Journal of Political Economy
56, 498-514.

Plotnick, R. (1981): A Measure of Horizontal Inequity, Review of Economics and Satistics 63, 283-
288.

Ramos, X. and P.J. Lambert (2003): Horizontal Equity and Differencesin Income Tax Treatment: A
Reconciliation, Research on Economic Inequality 10, 45-63.

Reynolds, M. and E. Smolensky (1977): Public Expenditures, Taxes, and the Distribution of Income:
The United Sates, 1950, 1961, 1970, New Y ork: Academic Press.

Silverman, B.W. (1986): Density Estimation for Statistics and Data Analysis, Monographs on
Statistics and Applied Probability 26, London: Chapman & Hall.

Serensen, P.B. (1998): Tax Policy in the Nordic Countries, edited by P.B. Sgrensen, London:
Macmillan Press.

Thoresen, T.0. (2004): Reduced Tax Progressivity in Norway in the Nineties. The Effect from Tax
Changes, International Tax and Public Finance 11, 487-506.

27



Appendix A. Table Appendix

Table Al. Y ear-specific measures of redistributional, vertical and horizontal inequity effects,

19922004

e=0.25

e=0.75

e=1.25

Classical

No rerank.

IMgp

VR: Hlc

VR

Hing

Igp

Classical

No rerank.

VR: Hlc

VRw  HInr

IMgp

Classical

No rerank.

VR: Hlc

VRw  HInr

1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004

0.866
0.852
1.156
0.822
0.899
0.893
0.824
0.784
0.866
0.946
0.426
0.491
0.166

0.918 0.051
0.966 0.114
1.225 0.070
0.881 0.059
0.987 0.088
0.961 0.068
0.883 0.059
0.846 0.062
0.918 0.051
1.070 0.125
0.589 0.162
0.634 0.144
0.331 0.164

1.013
0.996
1.310
0.965
1.066
1.046
0.976
0.949
1.013
1.108
0.634
0.702
0.417

0.147
0.144
0.154
0.142
0.166
0.153
0.152
0.165
0.147
0.162
0.208
0.212
0.251

2.714
2.748
3.528
2.750
2.875
2.907
2.678
2.596
2.714
2.962
1.997
2.118
1.618

2817 0.103
2977 0.230
3.668 0.140
2869 0.119
3.053 0.178
3.044 0.137
2795 0.118
2717 0.122
2817 0.103
3.200 0.237
2.302 0.306
2.338 0.220
1.851 0.233

2974 0.260
2.998 0.250
3.796 0.268
2991 0.241
3.122 0.247
3.146 0.240
2917 0.240
2.845 0.249
2974 0.261
3.228 0.266
2.288 0.292
2.396 0.278
1.903 0.284

4.808
5.023
6.249
5.217
5.355
5.450
4.960
5.478
4.857
5731
4.441
4.610
4.278

4962 0.154
5371 0.348
6.459 0.210
5395 0.178
5625 0.270
5.656 0.206
5137 0.177
5.658 0.180
5.020 0.163
6.070 0.339
4.877 0.437
5.033 0.423
4.623 0.345

5.043 0.236
5.246 0.223
6.491 0.242
5429 0.212
5.566 0.210
5.655 0.205
5164 0.204
5.586 0.208
5.098 0.241
5.958 0.227
4.673 0.232
4.828 0.218
4488 0.211

Table A2.

M easures of redistributional, vertical and horizontal inequity effects, 1992—2004. The
Kasten-Sammartino-Toder approach for different pre-tax income bases, for e = 0.75

Base 1992

Base 1998

Base 2004

Classical

No rerank.

VR: Hic

VR

Hing

Igp

Classica

No rerank.

VR:  Hig

VRw  HInr

IMgp

Classica

No rerank.

VR: Hic

VRw  HInr

1992
1995
1998
2001
2004

2.714
2.743
2.681
2.716
2.715

2.817 0.103
2.851 0.108
2.783 0.102
2.820 0.104
2.818 0.103

2974
3.009
2.940
2.978
2.975

0.260
0.266
0.258
0.263
0.261

2.669
2717
2.677
2.864
2.881

2790 0.121
2.841 0.125
2795 0.118
2998 0.133
3.015 0.139

2910 0.241
2.964 0.247
2917 0.240
3.119 0.256
3.138 0.256

1.567
1.546
1.464
1.599
1.618

1.793 0.226
1.865 0.318
1.786 0.321
1.924 0.326
1.851 0.233

1.843 0.276
1.828 0.282
1.745 0.280
1.883 0.284
1.903 0.284
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Table A3. Measures of redistributional, vertical and horizontal inquity effects, 1992—2004. The
Dar danoni-Lambert approach for the 1992 pre-tax income distribution

e=0.25

e=0.75

e=1.25

Classica

No rerank.

1_IBD

VR: Hlc

VRw  HInr

1_IBD

Classica

No rerank.

VR: Hlc

VRw  HInr

1_IBD

Classica

No rerank.

VR: Hlc

VRw  HInr

1992
1995
1998
2001
2004

0.866
0.704
0.698
0.734
0.313

0.918 0.051
0.755 0.051
0.748 0.049
0.833 0.100
0.379 0.066

1.013 0.147
0.834 0.130
0.835 0.137
0.876 0.142
0467 0.154

2.714
2.319
2.245
2.303
1.267

2817 0.103
2420 0.101
2.344 0.099
2493 0.190
1.397 0.130

2974 0.260
2545 0.226
2471 0.256
2.548 0.244
1.500 0.233

4.808
4.330
4.107
4.385
2.678

4962 0.154
4.482 0.152
4.256 0.148
4.657 0.272
2.869 0.191

5.043 0.236
4.533 0.203
4305 0.197
4.601 0.216
2.874 0.197

Table A4. Measures of redistributional, vertical and horizontal inquity effects, 1992—2004. The
Dardanoni-Lambert approach for the 1998 pre-tax income distribution

e=0.25

e=0.75

e=1.25

Classical

No rerank.

IMgp

VR:  Hic

VRw  HInr

Igp

Classical

No rerank.

VR: Hig

VRw  HInr

IMgp

Classical

No rerank.

VR:  Hic

VRw  HInr

1992
1995
1998
2001
2004

0.991
0.813
0.824
0.883
0.314

1.056 0.064
0.875 0.062
0.883 0.059
1.002 0.118
0.392 0.079

1.156 0.165
0.955 0.142
0.976 0.152
1.039 0.156
0.489 0.175

3.112
2.717
2.678
2777
1.448

3.241 0.129
2841 0.124
2795 0.118
3.000 0.226
1.603 0.155

3.398 0.286
2958 0.241
2917 0.240
3.029 0.259
1.691 0.243

5.533
5.147
4.960
5.334
3.236

5726 0.193
5.333 0.186
5137 0.177
5.658 0.324
3.464 0.228

5787 0.254
5359 0.212
5164 0.204
5558 0.224
3433 0.197

Table AS.

M easures of redistributional, vertical and horizontal inquity effects, 1992-2004. The
Dardanoni-Lambert approach for the 2004 pre-tax income distribution

e=0.25

e=0.75

e=125

Classical

No rerank.

1_IBD

VR: Hilc

VRw  HInr

1_IBD

Classical

No rerank.

VR: Hlc

VRw  HInr

1_IBD

Classical

No rerank.

VR: Hilc

VRw  HInr

1992
1995
1998
2001
2004

1.261
1.007
1.045
1.182
0.166

1.354 0.093
1.137 0.130
1.154 0.109
1.352 0.170
0.331 0.164

1.467 0.206
1.199 0.192
1.251 0.207
1.376 0.194
0.417 0.251

3.977
3.496
3477
3.690
1.618

4.163 0.186
3.758 0.262
3.697 0.219
4.015 0.324
1.851 0.233

4318 0.341
3.793 0.298
3.774 0.297
3.993 0.303
1.903 0.284

7.154
6.829
6.606
7.266
4.278

7.432 0.278
7.226 0.397
6.937 0.331
7.734 0.468
4.623 0.345

7.445 0.291
7.077 0.248
6.845 0.238
7.516 0.250
4488 0.211

29



Appendix B. Sensitivity with respect to horizontal inequity
measur ement assumptions

Table B1 presents results of some sensitivity tests that have been carried out with respect to
assumptions used in deriving estimates of the degree of horizontal inequity in Section 3. To simplify
we show results for five years only; 1992, 1995, 1998, 2001, and 2004, and for e=0.75. Thevaluesin
bold refer to the horizontal inequality aversion parameters and number of groups for the kernel
procedure of the classical approach that are utilized in the analyses. In each line of the table we show
the ordering when one of these optionsis atered. The table shows that the orderings (the — indicates
an increase in horizontal inequity) are unaffected by altered horizontal inequity aversion under the no
reranking measure, while orderings of 2001 and 2004 according to the classical measure are sensitive
both to the number of equal groups and to the HI aversion assumption. However, we see that under al
assumptions classical HI islower in 1992 than in 2004, which signifies that meaningful results can be

derived even if some sensitivity is observed.

TableB1. Sensitivity testsfor the classical and the no reranking measures of horizontal

inequity, e=0.75

Assumptions Horizontal inequity orderings

f =0.50, ng* = 500 1992 — 1998 — 1995 — 2004 — 2001
Hic f=0.25 1992 — 1998 — 1995 — 2004 — 2001

f=0.75 1992 — 1998 — 1995 — 2001 — 2004

ng* = 400 1992 — 1998 — 1995 — 2001 — 2004

ng* = 600 1992 — 1998 — 1995 — 2004 — 2001

a=0.05 1998 — 1995 — 1992 — 2001 — 2004
Hing a=0.025 1998 — 1995 — 1992 — 2001 — 2004

a=0.075 1998 — 1995 — 1992 — 2001 — 2004

*Number of groups under the kernel procedure of the classical approach
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Appendix C. Reproduction of pre-tax income distributions

To gain further insight into the working of the DL procedure with respect to the data utilized in this
analysis, we assess to what extent the estimated pre-tax income distributions are able to reproduce the
digtributions they are intended to replicate. This means, for instance, that we compare the pre-tax
income distribution of 1992 with the 1992-fitted pre-tax income income distributions of 1995, 1998,
2001 and 2004. Further, it is also illuminating to seeif the intertemporal characterizations are
sensitivite to whether fitted or actua pre-tax income distributions are employed.

Let usfirst consider the degree of correspondence between fitted pre-tax income
distributions and the observed income distributions they are fitted to. Note that the fitted distributions
are derived by employing estimates of intercept and slope together with random draws from a normal
distribution with zero mean, and estimates of the root square-mean error as measures of the standard
deviation, asin equation (13) above, but with x; replacing y.. The estimatesin parenthesesin Table C1
are summary measures of pre-tax income inequality for the three pre-tax income distributions that are
used as dependent variables under the DL approach in Section 4, and these estimates are contrasted to
measures of inequality that follow from the fitted distributions. Table CI aso presents estimates of
pre-tax inequality when the error term component is omitted from the reproduction equation.
Undoubtedly, thefit is poorer under this alternative.

Table C1 reved s that deviations between inequalities of fitted distributions and of the
actual distributions they intend to reproduce do not exceed 12 percent. The main impression isthat the
transplantation method underestimates pre-tax inequality, which indicates that even if thefit is good
and parameter estimates are supplemented by a stochastic element through random draws, the full
extent of data variance might be difficult to replicate. However, results are not entirely consistent in
that respect; pre-tax inequality in 2004 is overrated by the 2004-fitted pre-tax income distribution of
1992.

Another notable finding is that transplants based on the pre-tax distribution of 2001
deliver the poorest results according to al the three cases of Table C1. Asdiscussed in Section 3, the
temporary tax on dividendsin 2001 is expected to have had a major effect on incomes of high-income

earners. Has this shifted the basic form of the income distribution in that year, which makesiit less

suitable for this type of location-scale transplant procedure? The measures of R? in Table 2 do not

suggest any inferiority of 2001 incomesin that respect.
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Table C1l. Pretaxinequality in 1992, 1998 and 2004 compar ed to estimates based on
transplanted distributions, e = 0.75

Measures of pre-tax income inequality based on transplant procedures
[actual values on diagonal in parentheses)

1992 1995 1998 2001 2004
With 1992 [9.575] 0.182 9.267 8.759 8.930
Ste?ChaSt'tC 1998 11.200 10.648 [10.835] 10.105 10.558

emen

2004 15.011 14.585 14.820 13.328 [14.998]

Without 1992 [9.575] 8.969 8.999 8.340 8.200
stochastic 1998 10.869 10.603 [10.835] 9.984 10.252

elemement

2004 13.738 14.000 14.335 13.213 [14.998]

The results of the transplant-and-compare procedure in Section 4 are produced using
estimates from the OL S regressions with respect to both pre-tax and post-tax income distributions. To
get further information on the significance of any lack of fit, we examine if intertemporal tax policy
orderings are affected if we let pre-tax distributions be represented by actual distributionsinstead of
fitted ones. In Table C2 we compare orderings, both according to classical and no reranking vertical
redistribution, when measures of pre-tax inequality are derived from fitted distributions (the approach
in Section 4) and from actual distributions.

Table C2 shows that results to some extent depend on this choice. When actual pre-tax
disgtributions are employed, the tax scheme of 2001 becomes the one with most vertical redistribution
(the — indicates an increase) according to 1998 and 2004 pre-tax income bases. As seenin Table C1,
the estimates of inequality in 2001 based on transplants tend to understate actual pre-tax inequality.

Furthermore, results are no longer independent of base.

Table C2. Vertical redistribution orderings when measur es of pre-tax incomeinequality are
based on fitted distributions and actual distributions, e = 0.75

Fitted pre-tax income distributions Actual pre-tax income distributions
1990 VRc: | 2004 — 1998 — 1995 — 2001 — 1992 2004 — 1998 — 2001 — 1995 — 1992
VR\r: | 2004 — 1998 — 1995 — 2001 — 1992 2004 — 1998 — 2001 — 1995 — 1992
1998 VRc: | 2004 — 1998 — 1995 — 2001 — 1992 2004 — 1998 — 1992 — 1995 — 2001
VR\gr! | 2004 — 1998 — 1995 — 2001 — 1992 2004 — 1998 — 1992 — 1995 — 2001
2004 VRc: | 2004 — 1998 — 1995 — 2001 — 1992 2004 — 1998 — 1995 — 1992 — 2001
VR\gr! | 2004 — 1998 — 1995 — 2001 — 1992 2004 — 1998 — 1995 — 1992 — 2001
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