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Abstract: Equity issues of the dual income tax have beé@rakde in the
field of economics. Since a dual income tax neeffierdnt modelling than
a comprehensive one this paper offers firstly antjteive framework to
measure redistributive effects; it turns out timés involves both direct and
indirect effects. The effects of horizontal ineguénd reranking are also
incorporated into the decomposition analysis. Thpr@ach is applicable
using available income and tax statistics. Secqngbrtial effects of
changes in tax parameters are presented; theyhareelled through the
direct and indirect effects; and are not alwayaightforward.
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1. Introduction

In the 1980°s and 1990°s the Nordic countries ambplual income tax systems,
which combine progressive taxation of labour incom#h proportional taxation of
capital income. Theaaison d'étre for this innovation was concern for efficiency
(Sgrensen 1994, Nielsen and Sgrensen 1997, Boa2iB). Subsequent concerns
have been for the amount of revenue raised, thertde created, and aspects of
equity and fairness. Concern for equity has gamedh attention in the literature for
a comprehensive income tax, both theoretically amgirically (see for example
Lambert 2001, Wagstaff et. al. 1999), but therenastheoretical analysis that we
know of in existing literature of the equity andinequality effects of a dual income
tax system.

In this paper, a quantitative framework is devisadanalyzing the contributions of

different parameters in a dual income tax systemthecoverall redistributive effect of

the system. The problem comes, of course, in megithie (known) separate effects of
the two taxes, on the distributions of labour aadi@l incomes respectively, into an
overall effect on the joint distribution. By selieg the Gini coefficient as inequality

measure, we are able to combine more-or-less famiesults on inequality

decomposition across income sources (Shorrocks, 1983), on redistributive effect

(Kakwani 1977, Pfahler 1990) and on horizontal inggand reranking (Aronson and
Lambert 1994), to gain insight into the workingsaadual income tax system.

The structure of the paper is as follows. In Sect) we briefly outline relevant
results from the measurement literature in respé@a comprehensive income tax.
Our new approach for decomposition of the rediatiie effect of a dual income tax
is presented in Section 3. In Section 4, a numleeixample is given, to illustrate the

* This paper is written as a part of a project amime distribution at the Social Research Centtheat
University of Iceland. | thank Peter Lambert foefid advice.
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workings of a dual income tax system and indichte potential of the method in
empirical applications. Section 5 investigates hdwanges in a dual income tax
system may affect redistribution. Section 6 conekidvith an evaluation of the
contribution of the paper and discussion of waywé&vd.

2. Progressivity and redistributive effect for a comprehensiveincometax: a brief
review
A comprehensive income tax is progressive if therage tax rate rises with income,
proportional (flat) if average tax rate is constant regressive if average tax rate
decreases with income. Inequality is reduced byiegdon of a progressive tax, stays
the same after application of a flat tax, and seased by application of a regressive
tax (Fellman 1976, Jakobsson 1976). Kakwani (19Mégasures progressivity by
twice the area between the Lorenz curve of prafteame, Ly, and the concentration
curve of tax liabilities L5, formally:

1

1 nf=2 f L@ — L] dp = C; — G,

where(; is the concentration coefficient of tax liabilgiandGy is the Gini coefficient
of pre-tax income. Redistributive effect is corrasgingly measured by twice the
area between the Lorenz curve of pre-tax incometlamdoncentration curve of post-
tax (net) income:

1

@ =2 f [LY(p) — Ly(p)] dp = G, — C¥
0

where LY is the concentration curve for post-tax incomehwispect to the pre-tax
ranking of income units, and is the concentration coefficiedl?S is known as the
Reynolds-Smolensky index, after Reynolds and Snskler§1977). Kakwani shows
that:
3 nrs=-—9

1-g
whereg is the fraction of all income taken in tax, or thetal tax ratio’. Equation (3)
decomposes redistributive effect multiplicativelyta tax level and progressivity
contributions.

Pfahler (1990) extends this methodology to deteemithe components of

progressivity and redistributive effect that argilatitable to features of the tax code,
namely, to allowances and deductions, and to thee staucture. Pfahler's Kakwani

measure for the allowance, viewed as a subtradiiom gross income in the

determination of taxable income, is:

@ =2 f L) — Li@)]dp = Cs — Gy



where L4 is the concentration curve ang is the concentration coefficient for the
allowance' and his Reynolds-Smolensky index is:

5) NP =2 f [Leoa(®) = Le®)]dp = Gy — Co_s

whereLx.4 is the concentration curve aidil4 the concentration coefficient for income
net of the allowance (taxable income in the absafidaecome-related deductions).
Redistributive effect decomposes into level andypssivity components as:

14
1-vy
whereyis the average rate of allowange= A4/%.? Pfahler's Kakwani and Reynold-
Smolensky indexes for the rate structpee seare these:

1
0 =2 [, - Lm]dp =G~ G,
0

6) M =——nf

1
® 08 =2 [y - Ly@]dr = ¢, - Gy
0

wherey is taxable incomey = x- A4 in the absence of income-related deductions in
the tax code,C, is the concentration curve ang the Lorenz curve for taxable
income. These values are also linked:

9r
9 ng° = Mg
(9) e
where gz is the total tax ratio of the rate structure,gar=t/y. The bottom line is
Pfahler's decomposition:

g 14
10 MRS = —{HK - HK}
(10) e U el
Equation (10) decomposes redistributive effect iplidatively into components

representing the features of the tax code as weltaa level and progressivity
contributions.

The horizontal and reranking effects of a comprsehenincome tax are dealt with in
Aronson and Lambert (1994), who offer a technigue rheasure vertical
redistribution, horizontal inequity and rerankiniieets commensurately using Gini-
based measures. These authors demonstrate thReymelds-Smolensky index for
any tax can be decomposed, as:

(11) N”=vV-H-R -9 nx_py_g

1-g
where IV measures the redistribution that would have oecuif equals had been
treated equally (the so-called ‘vertical’ contrilout to the overall redistributive

! Allowances are generally lump sum amounts, hehce 0 andIl¥ < 0.
% The same can be done for income-related tax dexhsstif present. The equations are similar: see
Pfahler (1990) for details.



effect), H measures horizontal inequity, as a loss of rebistion effect due to the
unequal treatment of exact equals (i.e when indadisl with the same gross income or
pre-tax living standard do not pay same tax), Amdeasures the additional effect of
reranking (if any) caused by the tax system sinost gax incomes are often
differently ranked than pre tax incomes.

3. Decomposing redistribution for a dual income tax: the new approach

For a typical dual income tax, income from labautaxed progressively and income
from capital is taxed proportionally. The overaléquality effect of such a tax system
can be positive or negative, depending on the commiotax functions themselves
and also upon the component income sub-distribsitiorwhich the taxes are applied,
and how they combine into the joint distributiono Tee that inequality may be
increased, one only needs to consider scenariosewhere is complete equality
overall before tax, but people have different cambons of labour and capital
income: in such scenarios, except in very specdralimstances, a dual income tax
system inevitably introduces inequality where thewses noné. To be quite general,

we need to capture the redistributive effects whach due to the composition of
income as well as those stemming from ¢keeris paribusactions of the component
income tax functions on the relevant componentidigions.

The key is to decompose the Gini coefficient ofsgroncome Gy, and concentration
coefficient of net income(Y, into components expressing the characteristidhief
source distributions, and then “rebuild” the overaéasures from information (from
Section 2 of this paper) about the component takkstherefore need a way to write
a Gini or concentration coefficient in the forky S, where Sx is a contribution
coming from income componett (andk = 2 here, though in general it may be
larger). That is, we need to applydacomposition ruleShorrocks (1982, 1983)
debates several forms of decomposition rule, andnly for Gini and concentration
coefficients. The perfect one for us is the soechlhatural rule’ in whicls, = «a; Cy,
where ay is the share of th&th income component in total income a@d is the
concentration index of th&h income component with respect to the ranking of
income units by their overall incomés.

Let a; and ax be the shares of labour and capital income inadivgross income, let
grandggbe the respective total tax ratios,@r= t, /x; andgyx = tx/xg, andg the
overall total tax ratiog = t/x. Then the shares of labour and capital in overell
income are:

3 Let t.(.) andt«(.) be the component tax functions The tax liabilityaoperson having in labour
income andy in capital income, wherg >y, would not be the same as the tax liability ofeaspn
havingy in labour income ana in capital income unlegg(x) - t (y) = tk(X) - &(y). Therefore, given a
dual income tax systent{.), &(.)}, scenarios can be found in which overall inequaltyncreased
(from zero) by application of the tax, unless tastriction t,(x) - t.(y) = t«(X) - &(y) holds for allx and

all y > x,in which case the component taxes must be prapatitand have a common rate.

*In particular, Shorrocks developed a decompositida, independent of the choice of inequality
measure, which is such that the contribution offedént components to overall inequality is
independent of the index chosen. In empirical ne$gasome scholars have chosen to use this
alternative decomposition rule (see e.g. Jantti719@nkins 1995), while others have adopted the
natural rule (see e.g. Brandolini and Smeeding 2B@8wani 1986, Pyatt et. al. 1980).



12) o =a (72)

and

1- 91{)
1-g

The natural decomposition rule tells us that
(14) G, =a,C, + agCxk

(15) cY =afc)N +afcy

where (; and Cx are the concentration indices of gross labourcapital income and
cN andc} are the concentration indices of net labour amitaiancome.

(13)  af =a

The overall Reynolds-Smolensky indd¥?® = G, — CY, can now be written, using
equations (14) and (15), as

(16) nes = [a,CL — aivciv] + [agCx — aﬁC}}’]
or as
17) MR = a [C, — CN'] + aglCx — CX] — [e,C) + exCR]

where g, and & are such that) = a; + ¢, and af = ax + e¢ and, of course,
& + &¢ = 0. (17) can also be written as

(18) HRS = OlLH,IfS + OlKHI?S - [SLCl{V + SKCII(V]
equivalently, applying the Kakwani (1977) methodploas

gL K Ik
1—9LHL +aK1—gK
inwhiche, <0< egif gy < g< gr,ex <0< ¢ if g, < g < gg and,ex = gx =
0if gg = gx = g°
When g # g;, the overall redistributive effect thus has indiras well as direct
effects, the indirect effects stemming purely frdiffierences in tax levels. Ig; > gx,
as typically, the indirect effects causes an ingeeia the contribution of the labour
income tax to overall redistribution, but a deces@ise contribution of the capital
income tax. The net indirect effect is positived drence increasd3®s, if ¢, CN >
—exCY. Sincee, = —¢, the condition becomes) > C¥. Normally though, the
condition does not hold (FraRdorf et. al. 20101t04897, Kakwani 1986).

To summarize, equation (19) decomposes the Rey®widlensky index of overall

redistributive effect into three components. Fitkie direct redistributive effect of
(progressive) labour taxation on the labour incahistribution; second, the same for
the capital income tax; and third, the effect of thifference in tax levels (if any)

between the income components, the indirect effidus third term also depends on
how the component income distributions ‘it togetife

(19) MNfS=gq

Mg — [e,C) + exC]

® From (12) and (13), we have = a; (ﬁ__‘i;) andey = ay (gl__gg").
® A word of caution is in order. The terms in (18)d therefore those in (21), are not independent. F
example, changes in the capital income distributiwy affect the ordering of persons by their total

incomes, and thereby affe€l andC} (etc.).



If the component taxes within a dual income taxesysdo not themselves treat pre-
tax equals equally (although this would be unusgaden that the one is typically

proportional and the other linear above a lump-siliowance), then additional terms
involving reranking and horizontal inequity could imcorporated into (18), along the
lines of Aronson and Lambert (1994). Briefly, tmgolves an expansion in (19):

gL 9k
1-g. 1-gx
—[e, €Y + exC{]
whereH; and Hx are the respective horizontal inequities for latemd capital income
and R, and Rx are the reranking effects. Implementation of thethnd shown in
equation (20) is not straightforward, involving tt@nstruction of pre-tax close equals

groups with an optimal bandwidth, and details Wil omitted here. See Urban and
Lambert (2008) for a very full treatment and disios.

(20) HRS =qp HZI,(:I —Oliv[HL+RL] +CZK[ Hllg] —a,lg[HK-I—RK]

Finally, observing that it is usual for the compoenéax on capital incomes to be
proportional, so thaf, = C¥ andIl¥ = 0 in (19) and (20), and for the labour income
tax to be linear above a lump-sum allowance (ireggessive), the Pfahler (1990)
decomposition may now be applied. Setting asideitfegjual treatment effects shown
in (20), our simplified representation of (19) bews:
24 { K |4 K}] N N
Mg ———1 t| — [e,C. + exC ]
1-g, R ™7 —y A LbL kLK
(19)-(21) provide a convenient and succinct quatiié framework to analyze
contributions to the overall redistributive effefta dual income tax syste.

(21) MOfS=gq

4. Numerical example

In order to illustrate the decomposition formul@aresented in equation (21) here a
numerical example is shown for a hypothetical distion of income. Table 1 shows

the income and taxation of 10 individuals. Theyéawcome from capital and labour.

In the example, capital income is highly skewedamig the upper tail of the income

distribution. Capital income is taxed proportiogallvith a marginal and average tax
rate of 10%. Labour income is taxed progressively & 40% marginal tax rate on

taxable income below 10 and 50% for taxable incaineve 10. The tax threshold,

i.e. the allowance, is 7.5. Since, in this exampldividuals below the tax threshold

do not gain the entire allowana®, # 0.°

[TABLE 1 ABOUT HERE]

Table 2 shows redistribution for the hypotheticadame distribution decomposed as
in equation (21). Note that there is no horizomaljuity or reranking in this simple
example. The table therefore shows the exact degsitqn of the Reynold-

" See also Duclos and Araar (2006) where an aligesnatethodology using kernel density estimation
is sketched, and also the free software for distivle analysis nameDBAD, which has been developed
by these authors, is described and could be usedalaate all components of our decompositions

8 Additional terms can be inserted into (21) if aour income tax has income-related deductions
and/or if the capital income tax is progressive.

° The tax system and distribution of income showrtable 1 have similarities with the Icelandic
income distribution in the years before the finahcrisis. Financial earnings in Iceland have, heoave
decreased substantially following the financiasisrin Iceland.



Smolensky index of redistribution and demonstr#tes labour income tax decreases
inequality while capital income tax has no effeatiocome inequality.

[TABLE 2 ABOUT HERE]

While the direct effects of the tax system redinee@ini coefficient by 0,0302 points,
the indirect effects increase it by 0,0170. The efédct is a decrease of the Gini by
0,0132. The indirect effects of the tax systemanse the Gini coefficient because
capital income is taxed at a lower rate than lallcome and is also concentrated at
the top of the overall income distribution.

5. Effectson overall redistribution of changesin the dual income tax

Equation (21), or an appropriately expanded verefah(see footnote 8), can be used
to determine the effects of changes in the dualrme tax system on redistribution.
The changes which we consider are threefold. Rivetconsider changes in the tax
level (i.e. in one ofgr, ¥y andgx). Second, we investigate a change in one of the
progressivitied1¥ andIlX. Third, we show the effects of changes in the amsitjpn

of gross income. The results to follow were inasd#s prior to the development of
our methodology.

The effect of an increase of the allowance candomd by differentiating equation
(21) with respect tg; and observing thake;, /dy = — dek /0y

GHRS F) gL
(22) B =l S S
ady dy — 11—y
~~—— | normally+ ~——normaly +
+

(& de
_ gL (1 y) H}q{ + L [Clly _ Cl{v] —
1-g, 0y - 0y —————
~——" ~~——normally + —— normally+
+ + +

+ +
This shows that an increase in the allowance hdsgarous effects on redistribution.
The direct effects are ambiguous while the indiefééct enhances redistribution if
the distribution of capital income is more uneqtan of labour income. The result
that increase in the tax allowance has ambiguofectsfon®® is in line with
Lambert (1985). Lambert showed that increasingatloevance beyond a certain point
would become counterproductive for raisifif~° The indirect effects do though
increase the likelihood of an increase in the adloee to increasa™®

The effect of an increase in the level of capitabime taxation is given by:

GHRS
(23) \__, ag _[CK cl]| >0

__/ normally 0 u_.,_d normally+

19| ambert’s results are based on a linear incomethaxresult should though hold for a tax system
with a progressive marginal rate structure.



If the taxation of capital income is proportionah increase in its rate has no direct
effects on the level of redistribution. The netiradt effect is positive if capital
income is more unequally distributed than labowome (as is typical): decreasing
the after tax share of capital income enhancesrehéstribution M~ of the dual
income tax system.

The effect of an increase in the rate of the labonome tax, without altering its
distribution, is given by:

onRs | 0% de, u
a0, %5 Iz +|—[C¢ = C']| =
9r + _‘giznormalljw & normally+

(24)

+ -
whose sign is ambiguous if capital income is distied more unequally than labour
income.

The effect of increasing the progressivity of tlgerstructure can also be found by
differentiating in (21):

OHRS
(25) =
ok |&1—g, 1 — anR

Redistributive effect is enhanced through bothdieend indirect effects. Exactly the
same holds for the effect of an increase in thgmassivity of the capital income tax
(obtained by differentiating an expanded versior(2f), in whichll¥ appears, and

then settingl¥ = 0). Introducing progression into the capital incotae component

of the dual system would increase redistributioroulgh both direct and indirect
effects.

Finally, we consider the effect of an increaseha shareax of capital income in
gross income, by differentiating in the expandedsiod of (18) and again setting
n¥ = o:

26 © o leemE—me| - 2 ey — el <o
(26) aa_aK[K il £ [Ck L] <
R + normally \_,_}5 normally+
normally+

+

If the share of capital income increases, all etpeal™* the redistributive effect of the
tax system will diminish. The opposite is true f@loour income: overall redistributive
effect increases ifr; increases.

6. Discussion

A dual income tax system typically combines prognes taxation on labour (and
transfer) income with a proportional tax on capitatome. Theoretically, the

1 Note however thatx and ¢; may also change if; and a; change, as the ordering of persons by
their overall gross income may vary. This possibcond-order effect (itr; and a; change by
marginal amounts) is not shown in (26) and wouldliffecult to quantify.



adoption of such an income tax system has mostgn lrgued using efficiency
reasoning, while distributive reasoning has bedh dside. New methodology is
required to assess redistributive effects in a th@me system. We have presented a
new approach here, involving both direct and irdtiedfects on overall redistribution,
which is applicable using available income anddiatistics. The effects of horizontal
inequities and reranking can also be accommodat#tkinew approach. Implications
and outcomes have been illustrated using a hypo#thehcome distribution, where
capital income was very unequally distributed. Vis® anvestigated partial effects of
changes in individual tax parameters on overalistatution, which are not always
straightforward.

Our approach depends specifically on the choict®iGini coefficient as inequality
measure, and on the choice of a particular decommposule, the so-called ‘natural’
one, for the overall Gini coefficient across incosmirces. One could of course use
other decomposition rules, albeit with a significkoss of tractability; and/or design
equivalent methodology using the Atkinson indexegtended Gini coefficient (for
example) to measure inequality.

It is plain that much work remains to be done, kb#oretical and empirical, on the

redistributional effects of a dual income tax. Tphaper presented a methodology for
measurement purposes. Other issues, for exampleecong changes in market

incomes, need also to be explored. No empiricalyshas to our knowledge yet been
done trying to assess the distributional effecta dfial income tax.
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Table 1: A hypothetical income distribution.

X XK XL t 1% L A y=Xx-A X-t
1 7 0 7 0.0 0.0 0.0 7.0 0.0 7.0
2 9 0 9 0.6 0.0 0.6 7.5 15 8.4
3 9 0 9 0.6 0.0 0.6 7.5 1.5 8.4
4 10 0 10 1.0 0.0 1.0 7.5 2.5 9.0
5 15 1 14 2.7 0.1 2.6 7.5 6.5 12.3
6 18 2 16 3.6 0.2 3.4 7.5 8.5 14.4
7 20 3 17 4.1 0.3 3.8 7.5 9.5 15.9
8 25 4 21 6.2 0.4 5.8 7.5 13.5 18.9
9 30 5 25 8.3 0.5 7.8 7.5 17.5 21.8
10 60 54 6 5.4 5.4 0.0 6.0 0.0 54.6
Sum 203 69 134 324 6.9 26.0 73 61 171
Gini / concentration | 0.363 0.799 0.139 | 0432 0.799 0.333 | -0.012 0.320 | 0.350
Table 2: Redistribution decomposed for the hypathkedistribution.
Direct effects 0.0302
Labour income taxatiofe, I15%) 0.0302
Rate structureéaLj—gLH§> 0,0021
Progressivity(TT%) 0.0137
Average tax ratélf_’—;L) 0.2350
Labour income sharex) 0.6601
Allowance (—alffn ﬁl‘[}f) 0.0281
Progressivity(I1X) -0.1511
Average tax ratélf_’—guf—y) 0.2813
Labour income sharex) 0.6601
Capital income taxatior{a,I1&5) 0.0000
Progressivity(I1%) 0.0000
Average tax ratéli’—g]{) 0.1111
Capital income sharexg) 0.3399
Indirect effects -0.0170
From labour incomée, CN) -0.0022
From capital incomée, C}) 0.0193
Redistribution (I17S) 0.0132
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