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Abstract

We prove a median voter theorem for monotonic reforms of non-linear tax systems and
characterize reforms that are preferred by a majority of voters. There is a discontinuity: For
incomes below the median, lowering marginal tax rates is politically feasible. For incomes
above the median, higher marginal tax rates are politically feasible. We also derive a di-
agnosis system for reforms that are not only politically feasible but also welfare-improving.
For instance, starting from laissez faire, higher taxes on the rich are both politically fea-
sible and welfare-improving. Lower taxes on the poor, while politically feasible, are not

welfare-improving.
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1 Introduction

Beginning with the seminal work of Mirrlees (1971), the normative analysis of non-linear tax
systems has seen major breakthroughs. The mathematical tools that are needed to characterize
welfare-maximizing tax systems are by now well understood. The more recent line of research
that begins with Diamond (1998) and Saez (2001) has managed to bring the theory to data and
to trace out the quantitative implications of this approach. By contrast, there is no established
conceptual framework for a political economy analysis of non-linear tax systems. A major

difficulty is that there is typically no Condorcet winner in the set of non-linear tax policies.!

A median voter theorem for monotonic tax reforms. For the Mirrleesian model of
income taxation, we prove a median voter theorem that makes it possible to relate political
economy forces to the analysis of non-linear tax systems. We assume that there is a predeter-
mined non-linear income tax schedule and consider reforms of this income tax schedule that
satisfy a monotonicity property so that the reform-induced change in tax payments is either
(weakly) increasing or decreasing in income. We consider revenue-neutral reforms and mostly
assume that additional revenue will be used to increase the transfers to those with no income,
but also discuss some alternative uses of tax revenues. By our theorem, a monotonic reform is
preferred by a majority of voters if and only if it is preferred by the voter with median income.
For the sake of brevity, we refer to such reforms as being politically feasible.

The focus on monotonic reforms avoids the inconclusiveness of a political economy analysis
for a policy space that consists of all non-linear tax schedules. Moreover, welfare-maximizing tax
systems can be characterized by studying the welfare implications of small monotonic reforms,
see Saez (2001), Golosov, Tsyvinski and Werquin (2014) and Jacquet and Lehmann (2016).
Thus, by focussing on monotonic reforms we can also study the relation between reforms that

are politically feasible and reforms that are attractive from a welfare perspective.

A characterization of politically feasible reforms. We derive sufficient conditions for
the existence of politically feasible reforms. To this end we focus on a class of small monotonic
reforms: For incomes in a range [y,,yp] marginal tax rates are increased (or decreased) by an
amount 7. The change in tax revenue due to the reform, denoted by AT (7, yq, 1), is used to
increase (or decrease) the transfers to those with no income. We evaluate reforms at the status
quo, i.e. we consider the effects of a small increase of 7, starting form 7 = 0.

An increase of the basic consumption level has the same effect as a uniform transfer to all
tax-payers. Whether a particular tax-payer gains from a reform then depends on the balance

between the utility gain from higher transfers and the utility loss from higher taxes. What do

"'Well-known political economy approaches to redistributive income taxation have therefore used the model of
linear income taxation due to Sheshinski (1972). In this model, marginal tax rates are the same for all levels of
income and the resulting tax revenue is paid out as uniform lump sum transfer. As has been shown by Roberts
(1977), the median voter’s preferred tax rate is a Condorcet winner in the set of all linear income tax systems. This
median voter theorem has been widely used. A prominent example is the prediction due to Meltzer and Richard
(1981) that tax rates are an increasing function of the difference between median and average income. Another
example is the analysis of Alesina and Angeletos (2005) that includes a motive to correct income differences that

are due to luck — as opposed to effort — into the behavior of voters.



the reforms look like that are attractive to the median voter and would therefore be supported

by a majority of taxpayers?

i) Consider first an increase of marginal tax rates for incomes above the median. Such a tax
increase does not affect the median voter’s tax burden so that he will benefit from the
reform as long as it raises revenue. Hence, unless the status quo has tax rates that are
inefficiently high, an increase of marginal tax rates for above median incomes is politically
feasible. If they are inefficiently high, then lowering them yields a Pareto-improvement
(more transfers to all tax-payers and lower marginal tax rates for some) and is hence

politically feasible.

ii) Now consider a reforms that increases the median voter’s tax payment. The median
voter supports such a reform only if it generates so much tax revenue that the increase
in transfers outweighs the additional tax payment. This is possible only if the status quo
has marginal tax rates that are inefficiently low. By contrast, if the status quo tax system
is efficient, then any reform that increases the median voter’s tax burden is politically

infeasible whereas tax cuts are politically feasible.

In sum, the median voter wants to have the lowest marginal tax rates that are consistent
with the requirement of Pareto-efficiency for incomes below the median and she wants to have
the highest marginal tax rates consistent with Pareto-efficiency for incomes above the median.
Politically feasible reforms therefore exhibit a discontinuity at the median level of income. A
looser interpretation of the discontinuity is that a sequence of small politically feasible reforms
will induce a tax system that is characterized by a pronounced increase of marginal tax rates in
a neighborhood of the median income. Strong progression in the middle is needed to get from
low marginal tax rates for incomes below the median to high marginal tax rates for incomes

above the median.?

A diagnosis system for politically feasible reforms. We use a perturbation approach to
characterize an upper and a lower Pareto bound for marginal tax rates. This characterization
takes the form of auxiliary schedules for marginal tax rates. Thus, to identify the scope for
politically feasible reforms one simply has to compare, for every level of income, the marginal
tax rate in the status quo to the corresponding lower and upper Pareto bounds. The auxiliary
schedules depend on the status quo schedule and the behavioral responses of the taxpayers.
The latter are measured by (uncompensated) elasticities of earnings with respect to changes in
net wages and non-labour income.

This characterization has interesting implications: First, moving from a laissez-faire status
quo to a system that involves earnings subsidies for low income earners is politically feasible.
Second, if under the status quo, tax rates are above the lower Pareto bound, then there is no
politically feasible reform that involves higher tax rates for the poor. Third, for high levels of
income, an increase of tax rates for the rich is politically feasible for any status quo schedule
under which the rich are not yet taxed at the revenue-maximizing rate. By the same logic,

lowering taxes for the rich is politically infeasible.

2Germany’s income tax system has such a region referred to as the Mittelstandsbauch (“middle class belly”).

There have been frequent proposals to smooth the belly, but so far it has persisted.



A diagnosis system for politically feasible welfare improvements. We complement
the analysis of politically feasible reforms by looking at welfare-improving reforms. What is
welfare-improving depends both on the status quo schedule and the welfare function that is
used. We do not restrict these welfare functions a priori, but allow for any welfare function
under which welfare weights are a non-increasing function of income. We can then, for any
status quo schedule, look at the set of welfare weights under which a tax reform (7,yq,ys)
would be welfare-improving.

Looking at the intersection of politically feasible and welfare-improving reforms generates
various insights. Remember that tax increases for the rich are politically feasible unless that
status quo has tax rates that exceed a Laffer bound. Such tax increases are welfare-improving
only if the weights on the rich are sufficiently low. However, if the status quo schedule is taken
to be the laissez-faire schedule, then tax increases for the rich are welfare-improving for any
welfare function. Likewise, tax decreases for the poor are typically politically feasible. However,
if the status quo schedule is the laissez-faire schedule, then there is no specification of welfare
weights under which such reforms would be welfare-improving.? The introduction of earnings

subsidies is then diagnosed as being politically feasible but as being detrimental to welfare.

On the derivation of diagnosis schedules. We use small perturbations to derive aux-
iliary tax schedules that enable us to diagnose whether there are Pareto-improving reforms,
welfare-improving reforms, or politically feasible reforms. Our approach differs from the previ-
ous literature in two ways:

First, we explicitly model how the reform-induced tax revenues are spent. The character-
ization of politically feasible reforms requires an analysis of each tax-payer’s preferences over
reforms and these preferences depend on how revenues spent. For instance, our analysis shows
that the characterization of politically feasible reforms on the assumption that the revenue is
spent on public goods is different from the characterization of politically feasible reforms on
the assumption that revenues are used to increase transfers. Measures of the marginal costs
of public funds — which are frequently invoked by the literature that evaluates reforms from a
welfare perspective — are not useful for this purpose.

Second, we start from a discrete change of the tax code that generates discontinuities in
marginal tax rates and hence induces a bunching of tax-payers. In moving to small reforms we
first let the change in marginal tax rates vanish, then the range of incomes that is affected and
keep track of all behavioral responses along the way. To illustrate our approach, consider the
reform-induced change in tax revenue AR(7, v, vp). If AR(0,y4,9s) > 0, then starting from the
status quo with 7 = 0, an increase of marginal tax rates applied to incomes in [y, yp] generates

additional tax revenue. Obviously, AE(O, Ya,Ya) = 0, as a reform that applies only to a null set

of agents will not generate additional revenue. However, if the cross-derivative Afyb evaluated
at (0, ya,ya) is positive, this means that A® turns positive if, starting from y, = y, we increase

R
TYb

in a small neighborhood of income level y,. For instance, we derive the upper Pareto bound for

yp. Hence, if AL (0,yq,yq) > 0, then tax revenue can be increased by raising marginal tax rates

marginal tax rates by looking at the conditions under which Afyb((),ya, Ya) < 0. We use this

3This observation is reminiscent of the finding that, in a Mirrleesian model with labor supply responses only

at the intensive margin, optimal marginal tax rates are always non-negative.



line of reasoning also for measures of welfare or political support. Any such measure will be a
function of 7, y, and ¥y, and to diagnose whether there are reforms with particular properties
we always look at the cross derivative of this measure, first with respect to 7, then with respect
to yp and finally evaluate the cross-derivative at (0, ya, Yq)-

We believe that this derivation is of pedagogical value. There are two approaches in the
existing literature on the perturbation method. The first approach, taken for instance in Saez
(2001), is meant as a heuristic analysis. The second approach, taken by Golosov et al. (2014), is
to make rigorous use of functional derivatives. Saez (2001) focusses on reforms of the (7, ya, yp)-
type which have an intuitive economic appeal. Such reforms can, however, only be approximated
by means of functional derivatives as they give rise to discontinuities both in the tax code and
in the behavioral responses to the reform. Our approach allows for a direct treatment of such

reforms and moreover admits an analysis that is, in a mathematical sense, complete.

Outlook. The next section discusses related literature. The formal framework is introduced
in Section 3. Section 4 contains the result that a reform is preferred by a majority of citizens
if and only if it is preferred by the median voter. We then characterize Pareto-improving
reforms in Section 5. The characterization of politically feasible reforms is in Section 6 and the
characterization of welfare-improving reforms in Section 7. The conditions under which a reform
is both politically feasible and welfare-improving can be found in Section 8. Section 9 contains
various extensions. Concluding remarks are in the last section. Unless stated otherwise, proofs

are relegated to the Appendix.

2 Related literature

Our analysis is based on the model of income taxation due to Mirrlees (1971). The Mirrleesian
framework is the workhorse for the normative analysis of non-linear tax systems, see Hellwig
(2007) and Scheuer and Werning (2016) for more recent analyses of this model and Piketty and
Saez (2013) for a review of related literature.

Well-known political economy approaches to redistributive income taxation have used the
model of linear income taxation due to Sheshinski (1972). In this model, marginal tax rates
are the same for all levels of income and the resulting tax revenue is paid out as uniform lump
sum transfer. As has been shown by Roberts (1977), the median voter’s preferred system is a
Condorcet winner in the set of all linear income tax systems. This median voter theorem has
been widely used. A prominent example is the prediction due to Meltzer and Richard (1981)
that tax rates are an increasing function of the difference between median and average income.
Another example is the analysis of Alesina and Angeletos (2005) that includes a motive to correct
income differences that are due to luck — as opposed to effort — into the behavior of voters. Our
finding that the set of monotonic tax reform contains a Condorcet winner generalizes results
by (1990; 1991) and Gans and Smart (1996) who show that a median voter theorem holds if
preferences over policies satisfy a single-crossing condition.

The focus on the conditions under which a set of reforms contains a Condorcet winner
distinguishes our work from papers that explicitly analyze political competition as a strategic

game and then characterize equilibrium tax policies. Recent papers that characterize non-linear



income tax schedules that emerge in a political equilibrium include Acemoglu, Golosov and
Tsyvinski (2010), Bierbrauer and Boyer (2013; 2016), and Brett and Weymark (2016a; 2016b).

We derive an auxiliary tax schedule that identifies reforms that are in the median voter’s
interest and would therefore be supported by a majority of voters. This schedule has some
properties which are familiar from the work of Réell (2012) and Brett and Weymark (2016a)
who characterize the non-linear income tax schedule that the median voter would pick if she
could dictate tax policy. Both schedules reveal that the median voter wants to have low taxes
on the poor and high taxes on the rich. For the special case of quasi-linear in consumption
preferences, the auxiliary schedule indeed coincides with the median voter’s preferred schedule
whenever the latter does not give to rise to bunching.

We are ultimately interested in reforms that are both welfare-improving and politically feasi-
ble. This links our analysis to a literature that characterizes optimal policies subject to political
economy constraints: Acemoglu et al. (2010) relate dynamic problems of optimal taxation to
problems of political agency as in Barro (1973) and Ferejohn (1986). Farhi, Sleet, Werning and
Yeltekin (2012) study optimal capital taxation subject to the constraints from probabilistic vot-
ing, see Lindbeck and Weibull (1987). Battaglini and Coate (2008) study optimal taxation and
debt financing in a federal system using the model of legislative bargaining due to Baron and
Ferejohn (1989). Saez and Stantcheva (2016) study generalized welfare functions with weights
that need not be consistent with the maximization of an additive utilitarian welfare function.
The generalized weights may as well reflect alternative, non-utilitarian value judgments or po-
litical economy forces.

Our analysis of welfare-improving reforms is related to a literature that seeks to identify
society’s social welfare function empirically.* Through the lens of our model, this literature
can alternatively be interpreted as identifying the set of social welfare functions for which,
say, an increase of marginal tax rates for incomes close to the sixtieth-percentile of the income
distribution would be welfare-improving. This serves as an input for our characterization of
politically feasible welfare improvements.

Our formal analysis makes use of what has become known as the perturbation method.
Piketty (1997) and Saez (2001) introduce it as a heuristic and more intuitive alternative to
optimal control theory. More recently, Golosov et al. (2014) and Jacquet and Lehmann (2016)

provide a rigorous theoretical analysis of the perturbation method.

3 The model

3.1 Preferences

There is a continuum of individuals of measure 1. Individuals are confronted with a predeter-
mined income tax schedule Tj that assigns a (possibly negative) tax payment Ty(y) to every
level of pre-tax income y € Ry. Under the initial tax system individuals with no income receive

a transfer equal to ¢y > 0. We assume that T is everywhere differentiable so that marginal tax

“See, for instance, Christiansen and Jansen (1978), Blundell, Brewer, Haan and Shephard (2009), Bourguignon
and Spadaro (2012), Bargain, Dolls, Neumann, Peichl and Siegloch (2011), Zoutman, Jacobs and Jongen (2014),
Lockwood and Weinzierl (2016).



rates are well-defined for all levels of income. We also assume that y — Tj(y) is a non-decreasing
function of y and that Tp(0) = 0.

Individuals have a utility function u that is increasing in private goods consumption, or after-
tax income, ¢, and decreasing in earnings or pre-tax income y. Utility also depends on a measure
of the individual’s productive ability, referred to as the individual’s type. The set of possible
types is denoted by €2 and taken to be a compact subset of the positive reals, Q = [w, @] C R,.
A typical element of €2 will be denoted by w. The utility that an individual with type w derives
from ¢ and y is denoted by u(c,y,w). The cross-section distribution of types in the population
is represented by a cumulative distribution function F' with density f. We write w® for the skill

type with F(w”*) = z. For z = %, this yields the median skill type, also denoted by wM
uy(C,va)
uC(C7y7w)
much extra consumption an individual requires as a compensation for a marginally increased

The slope of an individual’s indifference curve in a y-c-diagram — measures how

level of pre-tax income. We assume that this quantity is decreasing in the individual’s type, i.e.

for any pair (¢,y) and any pair (w,w’) with w’ > w,

_Uy(ca y,W/) _uy(c>y7w)
ue(c, y, ') T uec,y,w)

This assumption is commonly referred to as the Spence-Mirrlees single crossing property.
Occasionally, we will illustrate our results by looking at more specific utility functions. One
case of interest is that there is a utility function U : Ri — R so that u(c,y,w) = U (c, %)
We can then interpret w as an hourly wage and [ = £ as the time that an individual needs to
generate a pre-tax-income of . Another case of interest is that the utility function is quasi-linear
in private goods consumption so that u(c,y,w) = ¢ — k(y,w). The function k& then gives the
cost of productive effort. The Spence-Mirrlees single crossing property holds if more productive
individuals experience lower effort costs both in absolute terms and at the margin: For every
y, and every w, ko(y,w) < 0 and k12(y,w) < 0. If we combine both cases utility can be written

asc—k (%), where the function % is taken to be increasing and convex. The cost function k is

. . o = 141
said to be iso-elastic if it takes the form k (£) = (£)"" <, for some parameter € > 0.
We assume that leisure is a non-inferior good. If individuals experience an increase in an
exogenous source of income e, they do not become more eager to work. More formally, we

assume that for any pair (¢,y) any w and any e’ > e,

uy(c+e,y,w) < uy(c+€e,y,w)
uc(c+ey,w') = ulcte yw)’

We can also express this condition by requiring that, for any combination of ¢, y, e and w, the
uy(c‘i‘e’y:“’)
uc(c—f—e,y,w)
For all ¢,y, e and w,

derivative of — with respect to e is non-negative. This yields the following condition:

uy(c+ e, y,w)

<0. 1
uc(c+e,y,w) +ucy(c+€7yaw)_ ( )

_uCC(C +e, Y, w)

Finally, we assume that an individual’s marginal utility of consumption u.(c,y,w) is both
non-increasing in ¢ and non-increasing in w, i.e. uc(c,y,w) < 0 and uey(c,y,w) < 0. These
assumptions hold for any utility function u(c,y,w) = v(c) — k(y,w) that is additively separable

between private goods consumption ¢ on the one hand and the pair (y,w) on the other, where v



is a (weakly) concave function. With u(c,y,w) = U (¢, £), ues(c, y,w) < 0 holds provided that
Uy (c, %) > 0 so that working harder makes you more hungry.’

3.2 Reforms

A reform induces a new tax schedule T that is derived from Tj so that, for any level of pre-tax
income y, T1(y) = To(y) + 7 h(y), where 7 is a scalar and h is a function. We represent a
reform by the pair (7, h). Without loss of generality, we focus on reforms so that y — T1(y) is
non-decreasing. The reform induces a change in tax revenue denoted by A% (7, h). We mostly
assume that this additional tax revenue is used to increase the basic consumption level cg.

Many results below follow from looking at a special class of reforms. For this class, there
exists a first threshold level of income y,, so that the new and the old tax schedule coincide
for all income levels below the threshold, Ty(y) = T1(y) for all y < y,. There exists a second
threshold ¥y, > y, so that for all incomes between y, and gy, marginal tax rates are increased by
7, Ty(y) + 7 = T{(y) for all y € (ya,ys). For all incomes above y,, marginal tax rates coincide
so that T}(y) = T} (y) for all y > y;. Hence, the function h is such that

0, if ¥<Ya,
My)=9Q =% if va<y<wu,
Yo —Yar I y=up.
For reforms of this type we will write (7, yq, ys) rather than (7, h).
To study the implications of a reform it proves useful to introduce the following optimization

problem: Choose y so as to maximize

u(co+e+y—Toy) —Th(y),y,w) , (2)

where e is a source of income that is exogenous from the individual’s perspective. We assume
that this optimization problem has, for each type w, a unique solution that we denote by

y*(e,7,w). The corresponding indirect utility function V' is defined as
Vie,ryw) :=u(cog+e+y (e, mw) — To(y* (e, 7,w)) — Th(y* (e, T,w)), y" (e, T,w),w) .

Armed with this notation we can express the reform-induced change in tax revenue as

AT ) = [T AR (), 7)) = Toy*(0.0.))} () do
The reform-induced change in indirect utility for a type w individual is given by
AV(w | 7,h) = V(AR(7, h), 7,w) = V(0,0,w) .

For ease of exposition, we ignore the non-negativity constraint y < 0 in the body of the
text, but relegate this extension to part ?? in the Appendix. There we clarify how the analysis
has to be modified if there is a set of unemployed individuals whose labor market participation

might be affected by a reform.

Pareto-improving reforms. A reform (7, h) is said to be Pareto-improving if, for all w € Q,

AV(w | 1,h) > 0, and if this inequality is strict for some w € €.

®Seade (1982) refers to Uy (c, %) > 0 as non-Edgeworth complementarity of leisure and consumption.



Welfare-improving reforms. We consider a class of social welfare functions. Members
of this class differ with respect to the specification of welfare weights. Admissible welfare

weights are represented by a non-increasing function g : @ — R, with the property that the

average welfare weight equals 1, ff g(w)f(w)dw =1 . We denote by G(w f g(s) 1 ;()w ds
the average welfare weight among individuals with types above w. Note that, if g is strictly
decreasing, then G(w) < 1, for all w > w. For a given function g, the welfare change that is

induced by a reform is given by

Wig|r h):= /w g(W)AY (w | 7, h) f(w) dw .

€

A reform (7,h) is said to be welfare-improving if AW (g | 7,h) > 0

Political support for reforms. Political support for the reform is measured by the mass of

individuals who are made better if the initial tax schedule Ty is replaced by 77,

S(r,h) = /w A (w7, h) > 0} f(w) dw |

where 1{-} is the indicator function. A reform (7, h) is said to be supported by a majority of
the population if S(1,h) > %

3.3 Behavioral responses to reforms in the (7,y,, y,)-class

Reforms in the (7, yq, yp)-class involve jumps of marginal tax rates at y, and y,. Lemmas 1-3
below clarify the behavioral responses to these discontinuities.
The Spence-Mirrlees single crossing property implies that, under any tax schedule, more

productive individuals choose a higher level of pre-tax income. Thus, w’ > w implies that
v (AR g ), T W) =y (AR ), T w)
for 7" € {0,7}. We can therefore define threshold types wq(7’) and wy(7’) so that

w < we(r') implies y*(AR(T/,ya, ), T W) < Ya s

w e (wa(T,)a Wb(T/)) 1Inp11es y*(AR(Tla Ya, yb)7 T,a CU) € (ya, yb) 5
and
w > wy(7)  implies y*(AR(T’, Yar Up)s T w) > p -

The following Lemma asserts that, for a reform that involves an increase of the marginal
tax rate, 7 > 0, type wq(0) who chooses an income of y, before the reform does not choose a
level of income above y, after the reform. Analogously, if marginal taxes go down, type wy(0)
does not choose an income above y, after the reform. For a reform with 7 > 0, the logic is as
follows: After the reform, because of the transfer A%, a type w,(0)-individual is, at income level
Ya, less eager to work more. Working more also is less attractive after the reform because of the
increased marginal tax rates for incomes above y,. Thus, both the income and the substitution
effect associated with the reform make it less attractive for a type wq(0)-individual to increase
her income above y,. The individual will therefore either stay at y, or decrease her income after
the reform. Only higher types will end up with an income of y, after the reform, which implies
wa (0) < wq(T).



Lemma 1
1. Consider a reform so that T > 0 and A®(T,y4,y5) > 0. Then wy (1) > w,(0).
2. Consider a reform so that 7 < 0 and AR (7,yq,yp) < 0. Then wy(T) > wy(0).

According to the next lemma a reform induces bunching of individuals who face an upward jump
of marginal tax rates after the reform. Specifically, a reform with 7 > 0 will induce bunching
at y, because marginal tax rates jump upwards at income level y,. A reform with 7 < 0 will

induce bunching at ¥, because marginal tax rates jump upwards at income level yp.

Lemma 2

1. Consider a reform so that T > 0 and A%(7,y4,y5) > 0. Then there is a set of types

[Wa(T),@q(T)] who bunch at y, after the reform.

2. Consider a reform so that 7 < 0 and AR(7,yq,yp) < 0. Then there is a set of types
[wy(T),@p(T)] who bunch at yy after the reform.

Individuals who bunch at y, after a reform with 7 > 0 neither have an incentive to increase

their earnings above y, since

ue()(1 = T1(ya)) + uy(-) = uc(-)(1 = To(ya) — 7) +uy(-) <0
nor an incentive to lower their earnings since

ue(-)(1 = Ty(ya)) + uy(-) > 0.

By contrast, there are no individuals who bunch at y; after a reform that involves increased
marginal tax rates. Individuals who do not have an incentive to increase their income at

since

ue(-) (1= T1(y)) + uy(-) = e(-)(1 = To(yp)) + uy() <0

definitely have an incentive to lower their income as
ue(-)(1 = Tg(ys) — 7) +uy(-) < 0.

An analogous argument implies that no one will bunch at y, after a reform that involves a
decrease of marginal tax rates.

The next Lemma establishes that, in the absence of income effects, for a reform with 7 > 0,
individuals who choose an income above ¥, after the reform also chose an income above 1, before
the reform. This ordering is reversed for a reform with 7 < 0. We will subsequently discuss

why these statements need no longer be true if there are income effects.

Lemma 3 Suppose that there are no income effects, i.e. for all (¢,y,w) and any pair (e, ¢€’)

with €' > e,

uy(c—i—e,y,w’)_ uy(c+¢€,y,w)
uC(C+€7 y7 w/) B UC(C+6,7y7 w) ’

1. Consider a reform so that 7 > 0 and A™ (7,94, 1) > 0. Then wy(T) > wp(0).



2. Consider a reform so that T < 0 and AR (T, ya,yp) < 0. Then wa(T) > we(0).

If there are no income effects, then, after a reform with 7 > 0, an individual with type w;(0)
prefers an income level of y, over any income above y;, before and after the reform since (i) the
indifference curve through (co + y» — To(ys), y») has the same slope as the indifference curve
through (co + AR + 4, — T1 (1), yp) and (ii) for y > vy, To(y) = T{(y) so that the incentives to
increase income above g, are unaffected by the reform. The individual has, however, an incentive
to lower y since, because of the increased marginal tax rate, working less has become cheaper;
i.e. it is no longer associated with as big a reduction of consumption. Thus, wy(0) < wy(7) if
there are no income effects. Figure ?? provides an illustration. With income effects there is
also an opposing force since the individual also has to pay additional taxes 7(yp — ya) — AR
which tends to flatten the indifference curve through 3. Thus, there may both be income levels
below 1, and income levels above y;, that the individual prefers over ;. If the indifference curve
flattens a lot, the individual will end up choosing y > y; after the reform which implies that
wb(’i‘) < wb(()).

3.4 Types and earnings

In our theoretical framework, earnings depend inter alia on the individuals’ types. Observed tax
policies, however, express marginal tax rates as a function of income. To relate the results from
our theoretical analysis to observed tax policies we repeatedly invoke the function §° : Q — R
where §°(w) = y*(0,0,w) gives earnings as a function of type in the status quo. We denote the
inverse of this function by @ so that @%(y) is the type who earns an income of y in the status
quo.

By the Spence-Mirrlees single crossing property the function §° is weakly increasing. The
existence of its inverse @° requires in addition that, under the status quo schedule Tj, there is

no bunching so that different types choose different levels earnings.

Assumption 1 The function §° is strictly increasing.

It is not difficult to relax this assumption. However, taking account of bunching in the status
quo requires additional steps in the formal analysis that we relegate to part 7?7 of the Appendix.
This extension is relevant because empirically observed tax schedules frequently have kinks and
hence give rise to bunching, see e.g. Saez (2010) and Kleven (2016). It is therefore important to
clarify whether reforms that modify such kink points yield Pareto- or welfare improvements and
whether they are politically feasible. That said, in the body of the text, we impose Assumption
1 without further mention.

In principle, the functions §° and @° could be estimated from any data set that contains
both data on individual earnings and productive abilities. In the original analysis of Mirrlees
(1971) hourly wages are taken to be the measure of productive abilities. Our framework is
consistent with this approach, but is also compatible with other measures of ability.

When we illustrate our formal results be means of examples, we will occasionally assume
that both the distributions of earnings and the distribution of productive abilities are Pareto-

distributions.® Under these assumptions, earnings are an iso-elastic function of types.

5Diamond (1998) takes hourly wages as a measure of productive abilities and shows that relevant parts of the
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Lemma 4 Suppose that the type distribution is a Pareto distribution that is represented by the
cdf Flw)=1-— (“Z}M)a Also suppose that, under the status quo tax schedule Ty, the earnings

~ b
distribution is a Pareto-distribution with cdf Fo(y) =1- (%) , where Yymin > 0 and wpin > 0.

Then, for some multiplicative constant «,

2=

S000) = o W 00 = (¥ _a
7 (w)=aw’ and @&°(y) (oz) , where .

4 Median voter theorems for monotonic reforms

4.1 Monotonic reforms

Below we present median voter theorems for monotonic reforms. A tax reform (7, h) is said to
be monotonic over a range of incomes [yq,yg) if To(y) —T1(y) = 7 h(y) is a monotonic function
for y € [ya,yp). Obviously, this is the case if h is monotonic for y € [ya,yg]. We say that a

reform is monotonic if A is monotonic for all y € R.

Monotonic reforms in the theory of taxation. Saezian reforms, Constant rate of pro-

gressivity, h(y) = 1, for all y.

Monotonic reforms and tax policy. US 86, US 93, German Federal Election, Trump Tax
Plan.
++++

4.2 Small reforms

We will establish conditions under which a reform is preferred by a majority of tax payers if
and only if it is preferred by the median voter. We consider two classes of reforms: Reforms
under which post-reform earnings can be characterized by first order conditions and reforms
in the (7,yq,yp)-class that induce bunching for some tax-payers so that behavior cannot be

characterized by first order conditions.

Assumption 2 The reform (1, h) belongs to the (T,%yq, yp)-class or, for all w, y* (AR (1, ), T,w)

solves
uc(co + AR(r,h) +y — Tu(y), v, w) (1 — T1(y)) + uy(co + AR(r,h) +y — Tu(y), y,w) = 0.

This assumption is imposed in the remainder without further mention. We begin with an
analysis of small reforms and turn to large reforms subsequently.

We say that an individual of type w benefits from a small reform if, at 7 =0,
d
7 V(AR(r,h), 7,w) >0 .

T

AY(w|T,h):
Theorem 1 Let h be a monotonic function. The following statements are equivalent:

1. The median voter benefits from a small reform.

wage distribution are well approximated by a Pareto-distribution. Saez (2001) argues that relevant parts of the

earnings distribution are also well approximated by a Pareto-distribution.
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2. There is a majority of voters who benefit from a small reform.

To obtain an understanding of the underlying mechanism, we look a policy-space in which
individuals trade-off increased transfers and increased taxes. Specifically, consider a 7-A%

diagram and let s%(w) be the slope of a type w individual’s indifference curve through point
(1, A®) = (0,0).

Lemma 5 For any w, s°(1, A%, w) = h(7°(w)).

Consider, for the purpose of illustration, a reform in the (7, yq4, yp)-class. Individuals who choose
earnings below y, are not affected by the increase of tax rates. As a consequence, s(w) =
h(°(w)) = 0 which means that they are indifferent between a tax increase 7 > 0 and increased
transfers A > 0 only if A% = 0. Put differently, as soon as 7 > 0 and A > 0, they are
no longer indifferent, but benefit from the reform. Individuals with higher levels of income are
affected by the increase of the marginal tax rate, and would be made worse off by any reform with
7> 0 and A = 0. Keeping them indifferent requires A > 0 as reflected by the observation
that s(w) = h(§°(w)) > 0. Moreover, if h is a non-decreasing function of y, the higher an
individual’s income the larger is the increase in A that is needed in order to compensate
the individual for an increase of marginal tax rates. Under the Spence-Mirrlees single crossing
property §°(w) is a non-decreasing function of w. We therefore obtain the following Corollary

to Lemma 5.

Corollary 1 Suppose that h is a non-decreasing function of y. For any pair w,w’ with ' > w,

implies
PP(w) <% and P(w) < sO(W) .

Corollary 1 establishes a single-crossing property for indifference curves in a 7-A%f-space. The
indifference curve of a richer individual is steeper than the indifference curve of a poorer individ-
ual. Thus, if h is a non-decreasing function of y, richer individuals are more difficult to convince
that a reform that involves higher taxes and higher transfers is worthwhile. This is the driving
force for the median voter theorem 1: If the median voter likes such a reform, then anybody
who earns less will also like it so that the supporters of the reform constitute a majority. If the
median voter prefers the status quo over the reform, then anybody who earns more also prefers
the status quo. Then, the opponents of the reform constitute a majority.

Roberts (1977) also used a single-crossing property to show that the median voter’s preferred
tax policy is a Condorcet winner in the set of affine tax policies, see the discussion in Gans and
Smart (1996). Our analysis generalizes these findings in two ways. First, we show that a single
crossing-property holds if we consider reforms that move away from some predetermined non-
linear tax schedule, and not only to reforms that modify a predetermined affine tax schedule.
Second, we do not require that marginal tax rates are increased for all levels of income. For
instance, the single-crossing property also holds for reforms where the increase applies only to
a subset [yq, yp] of all possible income levels.

Theorem 1 exploits only that tax-payers can be ordered according to the slope of their
indifference curves in the status quo and that this ranking coincides with a ranking according

to income. As is well known, the slopes of indifference curves are unaffected by monotone
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transformations of utility functions. Thus, the theorem does not rely on a cardinal interpretation
of the utility function w.

The next Corollary also follow from the observation that individual preferences over re-
forms are monotonic in incomes and therefore, by the Spence-Mirrlees single crossing property,

monotonic in types.

Corollary 2 Let h be a non-decreasing function.

1. A small reform with T > 0 is Pareto-improving if and only if the most-productive or richest
individual is not made worse off, i.e. if and only if AV (@ | 0,h) > 0.

2. A small reform (7, h) with T < 0 is Pareto-improving if and only if the least-productive or

poorest individual is not made worse off, i.e. if and only if AV (w | 0,h) > 0.

3. A small reform with T > 0 benefits voters in the bottom x per cent and harms voters in
the top 1 — x per cent if and only if AY (w® | 0,h) = 0.

Corollary 2 is particularly useful for answering the question whether a given status quo tax
policy admits Pareto-improving reforms.

Not all conceivable reforms are monotonic. For instance, a reform that pushes a progressive
tax schedule — i.e. a schedule with marginal tax rates that increase in income — towards of
a flat tax — i.e. towards a schedule with a constant marginal tax rate — will involve higher
marginal tax rates for the poor and lower marginal tax rates for the rich. Under such a reform,
h is increasing for low incomes and decreasing for high incomes. Such a reform may still be

politically feasible as follows from the following Proposition.

Proposition 1 Consider a small reform with 7 > 0. Let h be non-increasing for y > y™. If

the median voter benefits from a small reform, then it is politically feasible.

Thus, if the reform is designed in such a way that the voter with median income is a beneficiary
from a small move towards a flatter tax system, then this move is supported by a majority of

tax-payers.

4.3 Large reforms

As a first step, we provide a more general characterization of

Ay(w | 7,h) == dd

T

V(AR (1, h),7,w) > 0.

We still evaluate small reforms, but no longer impose that the reform is a departure from the
status quo schedule with 7 = 0. Instead, we allow for the possibility that = has already been

raised from 0 to some value 7" > 0 and consider the implications of a further increase of 7.

Lemma 6 Suppose that h is a non-decreasing function. For any pair w and o' > w, and any
7, AV(w|7,h) > AV (W | 7,h).
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The proof of the Lemma involves two steps. The first is to show that, for all w,

AL (w | 7,h) = tg(w) (AF(T,h) = h(F'())) (3)

1

where 1,

(w) is a shorthand for the marginal utility of consumption that a type w individ-
ual realizes after the reform and §'(w) is the corresponding earnings level.” By our previous

arguments,
AT (7, h) = h(g' ()

is a non-increasing function of w. The second step, then is to show that @ (w) is a non-increasing
function of w. This follows from the assumptions that leisure is a non-inferior good and that

Uew(Cyy,w) < 0

Theorem 2 Let h be a non-decreasing function. The following statements are equivalent:
1. The median voter benefits from reform (1,h).
2. There is a majority of voters who benefit from reform (1,h).

Explain why equivalence does not hold for A non-increasing.

Proposition 2 Consider a reform with T > 0. Let h be non-increasing for

y > min y*(AR(T,h),T,wM).

7'€(0,7]
If AY(wM | 7/,h) >0 for all ' € [0, 7], then (1, h) is politically feasible.
Trump-Reform as an example.

Discuss cardinality. ———— As will become clear, this extension needs to invoke the

assumption that any one individuals’ well-being is measured by the utility function w.

5 Pareto-improving reforms

From now on, we focus on reforms that belong to the (7, y4, yp)-class. As will become clear, this
class of reforms is particularly useful for the derivation of conditions under which a given initial
tax schedule Ty admits Pareto-improving reforms, welfare-improving reforms, or reforms that
are politically feasible. In this section, we focus on Pareto-improving reforms.

Recall equation (3),
AZ(W ’ T, yavyb) = a}:(w) (AE(T> yavyb) - h(gl (CU))) .
Consequently, a reform (7, yq4,yp) with 7 > 0 is Pareto-improving if and only if

AE(T, yavya> - h(gl(w» >0 )

"More formally, @i(w) = uc(co+A¥(rh)+§ (W) - Ti(F (W), F (w),7,w),w) and F'(w) =
y* (A (7, h), 7, w).
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for all w, with a strict inequality for some types w. For a reform in the (7,yq,yp)-class, the
function h is increasing with a minimal value of 0 and a maximal value of y, —y,. Such a reform

is therefore Pareto-improving if and only if

Af(ﬂ yaayb) - (yb - ya) >0. (4)

By contrast, a reform (7, y,,yp) with 7 < 0 is Pareto-improving if and only if

AT, Yar ya) = B(F' (w)) <0,
for all w with a strict inequality for some w, or, equivalently, if

AB(T ya,p) <0 (5)

According to (4) a tax-increasing reform is Pareto-improving if the increase in tax revenue
is so strong that even those with an income above ¥, are compensated for the additional taxes
they have to pay. According to (5) a tax-decreasing reform is Pareto-improving if and only it
raises tax revenue, i.e. if and only if the status quo tax rates exceed a Laffer bound. We first
provide a characterization of this Laffer bound by looking at the implications of a reform for

tax revenue. Subsequently, we turn to the possibility of Pareto-improving tax increases.

5.1 Revenue-increasing reforms and Pareto-improving tax cuts

Proposition 3 below provides conditions for the existence of revenue increasing reforms.

To be able to state the Proposition in a concise way, we introduce some notation. We define

D (wp) := 1= Flw) (1 - fo(w0)> 4(0,0,w0)

f(WO) y;:(O? 0, CU()) ’
where
Io(wo) := /w T} (y*(0,0,w)) y;f(O,O,w)l_“f;;J(L()) dw | (6)
and

D (y) := DH(@"(y)) -

We provide a more detailed interpretation of these expressions below. For now, we simply note
that the function D¥ : Q@ — R is shaped by the hazard rate % of the type distribution and
by behavioral responses as reflected by the partial derivatives of the function y*. In particular,
Io(wp) is a measure of the behavioral response that can be attributed to the income effect
y2(0,0,wp). In the absence of income effects this expression would be equal to 0. It would also
be equal to zero if the status quo was the laissez-faire schedule with marginal tax rates of zero
at all level of income. The function D = D o @0 translates D into a function of earnings,

rather than types.

Proposition 3

1. Suppose that there is an income level yo so that T)(yo) < DE(yo). Then there exists a

revenue-increasing reform with > 0, and y, < yo < Yp-
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2. Suppose that there is an income level yo so that Ty(yo) > DT (yo). Then there exists a

revenue-increasing reform with 7 < 0, and y, < yo < Yp-

In Section 5.1.2 we provide a sketch of the derivation of Proposition 3. We first provide an
interpretation.

Proposition 3 shows that the function D® is a tool for checking whether under a given status
quo tax schedule Tp there is scope for a revenue-increasing reform. If DE(yg) > T} (yo), then
tax-revenue can be increased by raising marginal tax rates in a neighborhood of yo. Note that
DR is not itself the tax revenue-maximizing tax schedule; i.e. it is only useful for the purpose
of learning something about a given status quo tax schedule, and not itself an admissible tax

policy, see Section 5.1.3 below for a further discussion of this point.

Using elasticities to derive diagnosis schedules. All partial derivatives of the function
y* shape DF. The effect of increased transfers A® on pre-tax incomes enters via fo(wo), the

effect of an increased marginal tax rate and the effect of increased productive abilities via the
y:; (0,07(.0())
y;(0707w0)
to the net wage rate. To see this, suppose that pre-tax income can be written as y = wl, where [

ratio . This ratio admits an interpretation as an elasticity of labor supply with respect
is labor supply in hours and w is the hourly gross wage. These assumptions appear particularly
natural for a utility function of the form u(c,y,w) =U (c, %) For a given tax system, after-tax
income can then be written as a function of I and is given by C(1) := ¢y + wl — Ty(wl) — Th(wl).
An increase in hours then translates into an increase of consumption according to C'(l) =
w(1-Ty(y)—7h (y)), where we used once more that y = wl. Thus, we can think of the expression
wn(7) == w(l = T{(y) — 7h'(y)) as a net wage that gives the increase in after-tax-income that
is made possible by working one more hour. We now look at the utility-maximization problem
of an individual that faces a fixed net wage given by wy(7) so that C(I) = e + wy(7) . The
individual chooses [ so as to maximize U(C(l),l). The utility-maximizing labour supply [* is
then a function of only two arguments, the lump-sum transfer e and the net wage wy, (7). Thus,
we can write y*(e,T,w) = w I*(e,wn (7)) = w *(e,w(1 — T§ — 7h’)), where T} and h’ are kept
constant as labor supply varies. Suppose that the individual’s income falls in the range that is
affected by the change in marginal tax rates, hence A’ = 1 and y*(e, 7,w) = w I*(e, w(1—-T{—7)).
Straightforward computations yield
ys(e,m,w) =1 (e,w(l =Ty — 7)) + wu(7) L (e,w(l —Tf— 7)),

y:(eﬂ—vw) = _w2 l:n(€7w(1 - T(; - T)) )

and, therefore,

Y (e, T,w) 1-Th—7 < 1 )
S 1+ ,
y;’:(eaﬂw) w E(evwn(T))

wn (T) *
I*(e,wn(T)) lwn

wage. If we evaluate these expressions for e = 0 and 7 = 0, and moreover assume that T{, has
been fixed at T{(y*(0,0,w)) we obtain

yZ(0,0,w) _ _1 — Té(y*(()?()?w)) <1 + 5( 1 > ) (7)

y*(0,0,w) w 0, w,(0))

where e(e,wp (7)) = (e,wn(7))) is the elasticity of hours with respect to the net
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Using this equation and the definitions

DR(w) = W (1= Do) (1 - 5<0w1<0))>

and
D" (y) := D(&°(y))

we obtain the following Corollary to Proposition 3.

Corollary 3 Suppose that the function u is such that equation (7) holds for all w.

1. Suppose there is an income level yg so that 1T(’T(,y((;)0) < @R(yo). Then there exists a tax-
0
revenue-increasing reform (7,yq, yp) with 7 > 0, and y, < yo < Yp.
2. Suppose there is an income level yo so that IT(ST(,ZJ((;)O) > ﬁR(yO). Then there exists a taz-
0

revenue-increasing reform (T, Ya, yp) with 7 < 0, and yo < yo < Yp.

Corollary 3 is a particular version of what has become known as an ABC-formula & la Diamond
(1998). The expression DF(w) is a product of an inverse hazard rate, usually referred to as
A, an inverse elasticities term, C, and the third expression in the middle, B. Without income
effects this middle term would simply be equal to 1. With income effects, however, we have
to correct for the fact that a change of the intercept of the schedule ¢y + y — T'(y) affects the
individuals’ choices. In the presence of income effects, and with non-negative marginal tax rates
in the status quo, fg(wo) < 0 because individuals become less eager to generate income if the
intercept moves up. As a consequence, B exceeds 1 in the presence of income effects. Thus,
everything else being equal, the right hand side becomes larger, so that there is more scope for
revenue-increasing reforms if there are income effects. This effect can be shown on Figure 77.
After the reform, the behavior of individuals with an income above y, is as if they were facing a
new schedule that differs from the old schedule only in the level of the intercept. The intercept
is co initially and co + A% — 7(y, — ya) < co after the reform. Thus, for high income earners
the intercept becomes smaller and they respond to this by increasing their earnings. These
increased earnings translate into additional tax revenue. The term —I (wp) > 0 takes account
of this fiscal externality.

We can also write Iy as an expression that depends on the elasticity of earnings with respect
to the intercept of the schedule ¢o +y —T'(y). If we define this elasticity for a type w-individual

under the status quo schedule T} as
Co
w)=9y:0,0,w) —————,
we can write

foten) = [ T30 0,0.0)) LE2 0 f;w()m @

an expression that can be computed as soon as estimates for the elasticities of earnings {no(w) }weq

with respect to the basic consumption level ¢q are available. The expressions D (w) and DF(y)
can therefore be viewed as sufficient statistics that can be used to check whether revenue-
increasing tax reforms are possible under a given status quo tax schedule. They are sufficient
statistics in the sense that they not depend on a specific formulation of preferences, but only

on the intensity of behavioral responses as expressed by the elasticities in {no(w)}weq and
{e(0,wn(0))}wea-
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5.1.1 An example

We will repeatedly use a specific example of a status quo tax schedule for purposes of illustration.
In this example, marginal tax rates equal to 0 for incomes below an exemption threshold ¢,
and constant for incomes above a top threshold y!. In between, marginal tax rates are a linearly

increasing function of income. Consequently,

0, for y <y,
Toly) = § Bly—y°), for y°<y<yt, (8)
Byt —ye), for y>yt;

where 8 > 0 determines how quickly marginal tax rates rise with income. Also note that

: 0, for y <y®,
TO(y) - f(y_gel ’ for 3/6 S Yy S yt 9
-T) | S t
175(yt7ye)7 fOI‘ 3/ Z y
Hence, for y° <y <y, 1_‘:}, is an increasing and convex function of income. This status quo
0

schedule is represented in Figure 77.

All our figures, with the exceptions of Figures 77 and 77, are drawn under the assumption
of a status quo schedule as in (8). The figures also assume that both distribution of types and
the distribution of incomes follow Pareto-distributions so that we can use Lemma 4 to connect
types and earnings. In addition, the figures assume preferences of the form u(c,y,w) = U (c, %)
so that we can use D as a sufficient statistic for revenue-increasing tax reforms. Finally, the
figures are drawn under the assumption that the elasticities in {n9(w) }weq and {€(0,w,(0)) }wea
are constant across types, i.e., that there exist numbers 7 and € so that, for all w, no(w) = n
and £(0,w,(0)) = €8

Figure ?? (resp. Figure ?77?) illustrate our approach without (resp. with) income effects.
If there are no income effects the auxiliary schedule DF is independent of the status quo tax

schedule Ty. With income effects, D® depends on the status quo schedule Ty via the expression

foten) = [ 73007 0.0,0)) LE2 ) L

dw .
wo co 1 — F(wp)

A status quo schedule of particular interest is the laissez-faire-schedule with ¢y = 0 and
T}(y) =0, for all y. As a consequence, even if there are income effects (1p(w) < 0 for a positive

mass of agents), Iy(wo) = 0 and hence D¥ is as in Figure ??.

5.1.2 Sketch of the proof of Proposition 3

Proposition 3 follows from looking at a cross-derivative of the function A®(7, ya,1). The
basic idea is as follows: if we choose y, = 1, then, obviously A%(7,y4,5.) = 0 and also
AR(7,y4,94) = 0 since the increased marginal tax rate applies only to a null set of incomes.
However, suppose that the derivative of A®(7, 54, y) with respected to g is strictly positive if
evaluated at (7,%a, ) = (0,%a,¥a). This implies that AR (0, y4,y.) becomes strictly positive as

®The figures are drawn for following parameters: 8 = 0.08, y* = 5 and y* = 1% co = 1; Wmin = Ymin = 1,
a=1,a=2and b=0.5; 7= —0.02 and ¢ = 0.8.
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we slightly raise y, above y,. This in turn implies that there exists a pair y, and y, < yp and a
tax rate 7 so that AR(7,y4,1) > 0.

The formal proof of the proposition in the Appendix proceeds as follows: We first derive
an expression for A®(7,y,,y,) without making any assumption on 7, y, and y,. In particular,
we do not assume a priori that 7 is close to 0 or that ¥ is close to y,. We then evaluate this
expression at 7 = 0 and obtain

1
A0, Yar o) = 1 R(Yar ),

where I := I (w) is our measure of income effects applied to the population at large and

Ryarm) = [ THw(0,0,0)) 43(0,0,w) f(w) dw
2 (0,0,0)) — ) fw) do
(o — va)(1 — F(wy)
~(n — va) JZ TH(u7(0,0,w)) (0, 0,w) f(w) deo

The first entry in this expression is a measure of how people with incomes in (yq, yp) respond to
the increased marginal tax rate and the second entry is the mechanical effect according to which
these individuals pay more taxes for a given level of income. The third entry is the analogous
mechanical effect for people with incomes above y, and the last entry gives their behavioral
response due to the fact that they now operate on an income tax schedule with an intercept
lower than cg.

We now exploit the assumption that there is no bunching under the initial schedule, so that
y*(0,0,w) is strictly increasing and hence invertible over [w,,wp]. We can therefore, without
loss of generality, view a reform also as being defined by 7, w, and wp. With a slight abuse of
notation, we can therefore write

1
1—1I,

Af(O,wa,wb) = R(wa,ws),

where

R(waswp) = [ Ty(y*(0,0,w)) y5(0,0,w) f(w) dw
+ [y (0,0,w) = y*(0,0,w4)} f(w) dw
(0, 0,0) — (0,0, wa)) (1 — Fluwy))
—(y(0,0,wp) = y*(0,0,wa)) [ To(y*(0,0,w)) y£(0,0,w) f(w) dw.

Note that AZ(0, wa, ws) = ﬁ R(wq,wq) = 0. If Afwb(o,wa,wa) = ﬁ R, (Wa,wq) > 0, then
AR(0,wq, wp) turns positive, if starting from w, = wp, we marginally increase wjy. Straightfor-

ward computations yield:
R (Waswa) = To(y* (0,0, wa)) ¥5(0,0,wa) f(wa) + (1 = To(wa)) 45(0,0,wa) (1 — Fwa)) -

Hence, if this expression is positive we can increase tax revenue by increasing marginal tax rates
in a neighborhood of y,. Using y*(0,0,ws) = ¥Ya, Wa = @°(ya) and y%(0,0,w,) < O (which is
formally shown in the Appendix), the statement R, (wq,ws) > 0 is easily seen to be equivalent
to T4 (ya) < DB(wa) = DE(ya), as claimed in the first part of Proposition 3.
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5.1.3 Revenue-increasing reforms vs. revenue-maximizing income taxation

The schedule D that allows us to identify revenue-increasing reforms does not generally coin-
cide with the revenue-maximizing income tax schedule 7%.9 One reason is that D® depends on

the status quo schedule Ty via the function Iy with

jo(w()) = /w Té(y*(0>07w)) y:([)’O’w)l—f;‘w(()«Uo) e

The status quo schedule will typically differ from the revenue-maximizing schedule.

The dependence on the status quo schedule disappears if there are no income effects so
that preferences can be described by a utility function that is quasi-linear in private goods
consumption. In this case, D® coincides with the revenue-maximizing income tax schedule for
all levels of income where the latter does not give rise to bunching. This can be shown formally
by looking at the problem to maximize tax revenue from a mechanism design perspective. The
requirement that individuals choose earnings in a utility-maximizing way is then captured by
incentive compatibility conditions. As is well known, incentive compatibility holds if and only if
two conditions are met: First, a condition of local incentive-compatibility according to which no
type of individual could reach a higher utility level by generating the earnings of a neighboring
type, typically formalized as an envelope condition on an indirect utility function. Second, a
monotonicity requirement on earnings.

A typical approach is to first solve a relaxed problem that ignores this monotonicity con-
straint and then to check whether or not the solution to this relaxed problem is monotonic or
not. If it is, then the solution to the relaxed problem is also a problem of the full problem.
If it is not, one has to deal with the complication that the monotonicity constraint is binding

for certain subsets of types. The first-order conditions of the relaxed problem can be shown to

imply

TR (5%(0,0,w)) 11— F(w) Y _ AR
1— TR (5*(0,0,w))  flw)w <1+6> S

with 7°(0,0,w) := argmax, u (' = TH(y'),y',w). Hence, the sufficient statistic DE co-
incides with a solution to the relaxed problem of revenue-maximizing income taxation, but not
necessarily with the solution to the full problem of revenue-maximizing income taxation. It
coincides with the full problem only if the solution to the relaxed problem does not violate the
monotonicity constraint on the function y. This observation also provides a justification for
an analysis of the relaxed problem in a model with quasi-linear in consumption preferences.
Even though the solution to the relaxed problem is not necessarily a tax schedule that can be
implemented, it yields a sufficient statistic that can be used to check whether a given status

quo schedule can be modified in such a way that tax revenue goes up.

90ur previous results lend themselves, however, to a characterization of the revenue-maximizing schedule 7%
via the following condition: Let *(0,0,w) be the earnings level that a type w individual chooses under a status
quo equal to the revenue-maximizing tax schedule T%. Then for all wo, so that § is a strictly increasing function

of w at wo, TF has to satisfy

TR/(Q* (07 Ov wo))
1 — TR (g*(0,0,wo))

= ") = e (1= ) (1+ o)
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5.2 Pareto-improving tax increases

The following Proposition derives conditions under which reforms that involve tax increases of
marginal tax rates are Pareto-improving. It is the counterpart to Proposition 3 that character-
izes Pareto-improving tax decreases. Proposition 4 also relies on an auxiliary tax schedule D¥
which is defined by

DP(w) == f(lw) {(1 - fo(w)> F(w) + (1:0(0.1) - Io)} W ;

and
D (y) = DP(@(y)) -

Proposition 4 Suppose that there is an income level yo so that Tj(yo) < D (yo). Then there
exists a Pareto-improving reform (T, yq, yp) with 7 > 0, and yo < yo < Yp-

The proof of Proposition 4 can be found in the Appendix. It is based on adaptation of the
arguments in Section 5.1.2 with the difference that now the revenue-increase must not only
exceed a threshold of 0, but a larger threshold that is equal to yp — 4.

The auxiliary tax schedule DF provides a lower bound for marginal tax rates. If marginal tax
rates fall below this lower bound, then an increase of marginal tax rates is Pareto-improving.!°
Note that DF (y) is often negative. To see this, fix an arbitrary type wp. If there are no income
effects we have
F(wo) 40,0, wo)
flwo) 5(0,0,wo)

since 37(0,0,wp) < 0. Alternatively, for low types, Ip(wp) is close to Iy so that D (wp) is

DP((UO) = <0 )

approximately equal to

F(wo) Y55(0,0,wo)
f(wo) yi(ov 0, wo) ’

which is again negative. Thus, DF can be interpreted as a Pareto-bound on earnings subsidies.

(1—1Io)

Such subsidies are, for instance, part of the earned income tax credit in the US. If those subsidies
imply marginal tax rates lower than D (wp), then a reduction of these subsidies is Pareto-
improving.

The following Corollary is the counterpart to Corollary 3. It introduces the sufficient statistic

DP that corresponds to the auxiliary schedule DY which is defined by

DP(w) = —f(i)w {(1=To@) Fw) + (o)~ 1) } <1 + M) )

and

D (y) = D"(@"(y)) -

0Under the assumption of quasi-linear in consumption preferences the DF-schedule admits an alternative

interpretation as the solution of relaxed problem with the objective to maximize the utility of the most productive
individuals subject to the requirements of physical feasibility and an envelope condition which is necessary for
incentive compatibility. Brett and Weymark (2016a) refer to D¥ as a maximax-schedule as it is derived from

maximizing the utility of most privileged individual.
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Corollary 4 Suppose that the function u is such that equation (7) holds for all w. Suppose that
T3 (o)
1=T5(yo)
reform (7, Ya, yp) with 7 >0, and y, < yo < Yp-

< DP(yy). Then there exists a Pareto-improving

there is an income level yg so that

Figure ?? extends Figure ?? so as to also include D. Note that with a Pareto-distribution of

. 1-F(w) . s F(w)
types the ratio Fow 1 the same for all types w but the ratio Flw)w

in Figure ?? the schedule D is a horizontal line whereas D is not. Figure 4 assumes that

is not. This explains why

there are no income effects. Figure 6, by contrast, illustrates a case with income effects.

6 Politically feasible reforms

By Corollary ?? a reform (7,yq,ys) is politically feasible if and only if it is preferred by the

M

median type w™ or, equivalently, by the individual with the median income. By equation (3),

a reform (7,yq, yp) with 7 > 0 is politically feasible if and only if
AT, Yas ya) = h(G (W) > 0.

Consider first reforms so that under the status quo schedule §°(w™) < y, < up, i.e. so
that the change of marginal tax rates affects only incomes above the median. Consequently,
h(§'(wM)) = 0 and the median voter prefers such a reform if and only if it increases tax revenue,
AB(7,94,94) > 0. Recall that the schedule D is the tool that can be used to identify such
situations. Consequently, the median voter prefers a small tax increase for incomes in a small
neighborhood of y, if T)(va) < DF(ya). Analogously, the median voter prefers a tax cut if
T5(ya) > D (ya)-

Now consider reforms so that y, < 3, < §°(w™). This implies that h(§'(wM)) =y, — ya s0
that the median voter prefers such a reform if and only if A% (7,94, 94) > yp — Y. The schedule
DP can be used to identify such constellations. The median voter supports reforms that involve
a small tax increase for incomes in a small neighborhood of y, if T§(ya) < DPF(ya). The median
voter prefers a tax cut if 7j(y.) > DF(y,). We summarize these observations in the following

Proposition that we state without proof.

Proposition 5 Let

My ) PP i y<gWM),
. {D%), iy ). .

1. Suppose there exists yo # §°(w™) so that T{(yo) < DM (yo). Then there is a politically
feasible reform (7, yq,yp) with 7 >0, and y, < yo < Yp-

2. Suppose there exists yo # §°(w™) so that T)(yo) > DM (yo). Then there is a politically
feasible reform (T,yq,yp) with 7 < 0, and yq < yo < Yp-

In plain words, the median voter wants tax increases for those who are richer as long as their
tax rates are below the Laffer bound DP¥. The median voter wants tax cuts for those who are

poorer as long as their tax rates are above the lower Pareto-bound DY,
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If the function w is such that equation (7) holds for all w, we can again define a sufficient
statistic for politically feasible tax reforms,

5y {if@»ify<ﬂ%wwa (10)

T\ PR, ity WM.

If % exceeds DM (y) there are politically feasible tax cuts, if DM (y) exceeds % there
are politically feasible tax increases.

Figures ?? and ?7? illustrate the relation between the sufficient statistics DF, DF and DM.
The Figures show that the schedule DM is discontinuous at the median voter’s type. It jumps
from DF to DE. This jump reflects that the median voter is easy to convince that reforms that
raise marginal tax rates only for incomes above the median are worthwhile, while she is more
hesitant to support reforms that also imply a higher tax burden for her.

The discontinuity in Figures 7?7 and 77 invites a speculative remark about a force that may
shape real world tax schedules. A common complaint is that real world tax schedules exhibit
too much progressivity for middle incomes (e.g. Zoutman, Jacobs and Jongen (2016)). A look
at these figures suggests that the median voter would appreciate any attempt to move quickly
from DF to DE as one approaches median income. Any attempt to do so in a continuous fashion
will imply a strong increase of marginal rates for incomes in a neighborhood of the median. This
increase in marginal tax rates is the price to be paid for having marginal tax rates close to DF
for incomes below the median and for having marginal tax rates close to D¥ for incomes above
the median.

The approach that yields a characterization of politically feasible reforms can be adapted
so as to characterize reforms that are, say, appealing to the bottom x percent of the income

distribution. The relevant auxiliary schedule for this purpose is

W@)_{DWW ity <),

= DR, iy ). an

We can also define the corresponding sufficient statistic D® in the obvious way. Figure 8 below
provides an illustration. The discontinuity shifts from the median to a different percentile of
the income distribution if we do not seek to characterize the reforms that are appealing to a
majority of the population but that, are, say, appealing to people with incomes in the bottom

70 percent.

Political competition. The schedule DM allows us to identify reforms that are politically
feasible in the sense that the reformed tax schedule is preferred over the status quo tax schedule
by a majority of the population. Now suppose that we enrich the analysis by a strategic game
of political competition between two vote-share maximizing policy-makers as in the Downsian
model of political competition, Downs (1957). To what extent can DM be interpreted as a
prediction for the outcome of such strategic interaction? Different assumptions about the set of
admissible reforms i.e. about the strategy space in such a strategic game, give rise to different
answers to this question.

Let us first look at an extreme case where the set of admissible reforms is heavily restricted.

There is a status quo tax schedule Ty in place, and admissible reforms must belong to the
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(T, Ya, yp)-class. Moreover, assume for the sake of the argument, that political campaigns focus
on the taxation of the rich. Specifically, suppose that reforms need to satisfy y, > vy, where 3
is the highest income in the bottom 90 percent. Hence, competition is only over reforms that
affect the tax rates of the top 10 percent in the income distribution. Then, by Theorem ?7?, we
would predict that both candidates propose the median voter’s preferred perturbation and the
equilibrium prediction would indeed be that marginal tax rates are set in a revenue-maximizing
way, i.e. according to D®. This is exactly the force that is driving in the analysis of Roberts
(1977), except that the increase in marginal tax rates is not applied uniformly to all taxpayers
but only to the top 10 percent.

The other extreme case is that reforms are entirely unrestricted. Then a politician who
proposes a reform that is attractive for the median type, can still be defeated by an alternative
proposal that combines a reform that is attractive to all voters with an income below y* with
a reform that is attractive to all voters with an income above % and thereby gain the support
of a majority of the population. This is the familiar observation that, with a multi-dimensional
policy space, there is typically no Condorcet winner, i.e. there is no reform that wins a majority
against any other reform.

By Theorem ?7, a Condorcet winner exists, however, if attention is restricted to reforms
under which the change in marginal tax rates is monotonic in income. This has the following
implication: Suppose that the status quo schedule Tj is such that the median voter’s preferred
tax schedule, denoted by TM, can be reached with a reform that is monotonic in income.!!
Then there is a Condorcet winner, namely the reform that is most preferred by the median
voter and which yields tax schedule 7M.

It seems clear that the support of the majority is no the only force shaping empirically
observed tax schedules. Otherwise, we would have to observe tax rates close to the revenue-
maximizing one for incomes above the median and earnings subsidies for incomes below the
median. There are number of candidate explanations for why we do not seem to observe these
phenomena in their purest form. The model of political competition may be different from the
Downsian model in many ways: Voters may not be exclusively motivated by self-interest, but
also by concerns for social welfare, or a party may not be able to attract all voters that would
benefit from its proposal due to party loyalties as in a model of probabilistic competition.
Also, the economic environment may be different from the one we considered so far: There
may be fixed costs of labor market participation, or the rich may decide to migrate to another
country if taxes are set in a revenue-maximizing way. In the following, we explore one of these
possibilities. We first characterize welfare-improving reforms and then look at tax reforms that

are both politically feasible and welfare-improving.

"The schedule T™ solves maxc; 7 u(ch+y—T'(y),y,w") subject to the constraints that, for all w,
y(w) € argmax, u(co+y —T(y),y w), and [ T(y(w)) f(w) dw > cj. Assuming quasi-linear in con-
sumption preferences Brett and Weymark (2016a) provide a complete characterization of TM with a particular

focus on the bunching region that surrounds the median voter’s level of income.
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7 Welfare-improving reforms

The following Proposition, which is proven in the Appendix, clarifies the conditions under which,
for a given specification of welfare weights g, a small tax reform yields an increase in welfare.

The following notation enables us to state the Proposition in a concise way. We define

o= / " (@)a(w) f () duw

w

0
c

realizes under the status quo, and

where 4/(w) is a shorthand for the marginal utility of consumption that a type w individual

i _ I\
’ 1-— F(w’)
Thus, v9 can be viewed as an average welfare weight in the status quo. It is obtained by

multiplying each type’s exogenous weight g(w) with the marginal utility of consumption in

0

o(w) and then computing a population average. By contrast, I'o(w’) gives the

the status quo «
average welfare weight of individuals with types above w’. Note that v9 = T'g(w) and that T'g is

a non-increasing function. In addition, we define

. 1 - F(w) y:;(ov 0, w)
Py )= =50 ) G 0w
where
~ Fo(w)

and

Proposition 6

1. Suppose there is an income level yo so that T)(yo) < ng(y). Then there exists a welfare-
increasing reform (T,Yq,yp) with 7 > 0, and yq, < yo < Yp-

2. Suppose there is an income level yo so that T{(yo) > ng(y). Then there exists a welfare-
increasing reform (T, Ya,yp) with 7 < 0, and yq < yo < Yp.

The corresponding sufficient statistic f)gv admits an easy interpretation if there are no income
effects and the utility function is quasi-linear in private goods consumption. In this case, we
have Iy = 0, fo(w) = 0, and @(w) = 1 for all w. This implies, in particular, that 7o = 1,
Ip(w) = G(w), and Pp(w) =1 — G(w) , for all w. Consequently,

sy Lo F@) o 1
Dy @) ="5ye 176w (”a(O,wn(o») ’

g
where the right-hand side of this equation is the ABC-formula due to Diamond (1998). Again,
in the absence of income effects, the sufficient statistic does not depend on the status quo
schedule and coincides with the solution to a (relaxed) problem of welfare-maximizing income

taxation. The characterization of f)gv looks slightly more complicated if we allow for income
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effects, but take the status quo schedule Ty to be the laissez-faire situation with marginal tax
rates of zero at all levels of income. In this case, we still have Iy = 0, and I (w) =0, for all w,

which implies that

DY () = 5 (1—%7(:)) (”M) |

Note in particular that this expression will never turn negative, so that a welfare-maximizer

would never want to move away from laissez faire in the direction of earnings subsidies, or,
equivalently negative marginal tax rates.

Figure ?? below relates the schedules DY, D® and [);/V to each other. The figure assumes

_1
14+w??

with income effects. Both figures illustrate a status quo schedule that has inefficiently high tax

that welfare weights take the form g(w) = for all w. Figure 7?7, adapts Figure 7?7 to a case
rates at the top. At low levels of income tax increases, while not mandated by Pareto-efficiency,
would yield-welfare improvements. For an intermediate range of incomes, status quo tax rates

are again within the Pareto bounds, but tax cuts would be welfare-improving.

On the identification of critical welfare weights. Instead of taking the specification of
welfare weights as exogenously given, we can ask the following question: Given a status quo
schedule and a level of income 1, what is the set of welfare weights for which increased marginal
tax rates in a neighborhood of yy would be welfare-improving? To formalize this question recall

that welfare weights enter the auxiliary schedule D;’V via

®o(wp) := 1 — To(wo) — (1 — Io)roii:(]) :

In this expression, Iy(wp) and Iy measure behaviorial responses due to income effects. Value

judgments, by contrast, shape the ratio %; i.e. the social value of (marginally) increased
consumption for people with incomes above yy = §°(wp) relative to increased consumption for

the average taxpayer.

r . .
We now treat % as a variable and write

<I>0(w0,a;) =1- fo(cuo) — (1 — Io)SC .

for the value of ®g(wp) that results if w is equal to x. Analogously, we write DV (yo, z) and

DY (yo, x) for the expressions that we obtain upon replacing ®¢(w) by ®o(w, z) in the equations
that define, respectively, DEV (yo) and 25;” (yo). Finally, for any level of income y, we denote by
Go(y) the level of = that solves DV (y, z) = 1’;Fér(6y()y) 12

The resulting level of éo(y) is a cutoff that separates welfare functions under which an

increase of marginal tax rates for incomes close to y would be welfare-increasing from welfare

functions under which such an increase would be welfare-damaging. Specifically, if %Z(y)) falls

below Go(y), then individuals with an income larger than or equal to y have little weight and

@ ()

tax increases would be welfare-improving. If, by contrast, Lo % exceeds Go(y) than such tax

increases would lower welfare.

12Note that a solution to this equation exists provided that Tg(y) is neither inefficiently low nor inefficiently
high, i.e. T5(y) € [D”(y), D" (y)).
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Figure ?? provides an illustration. The figure shows the cutoff function Gy that is implied
Lo(@°(y))
Y0

by a given status quo schedule. It also shows how, for a given welfare function, varies

with y. For the situation illustrated in the Figure, tax increases are welfare-improving for low

levels of income, and are welfare-decreasing for high levels of income.

8 Politically feasible welfare-improvements

We are now in a position to state Theorems 3 and 4. These theorems provide conditions for the
possibility and impossibility of reforms that are both politically feasible and welfare-improving.
These Theorems follows directly from our previous results in Propositions 3 - 6 and therefore

do not require a separate proof.

Theorem 3 Given a status quo schedule Ty and a specification of welfare weights g.

1. Suppose that there is an income level yo so that

Ty (o) < Dy (yo) and Ty(yo)) < DY (o) - (12)

Then there exists a politically feasible and welfare-increasing reform (7, yq, yp) with 7 > 0,

and Yg < Yo < Y-

2. Suppose that there is an income level yo and a type wo with y*(0,0,wp) = yo so that

Ty(yo) > Dy (yo) and Ty(yo)) > DY (yo) - (13)
Then there exists a politically feasible and welfare-increasing reform (7,yaq, yp) with 7 < 0,
and Yo < Yo < Yp.

Theorem 3 states sufficient conditions for the existence of welfare-improving and politically
feasible reforms. This raises the question of necessary conditions. The theorem has been derived
from focussing on “small” reforms, i.e., one small increases of marginal tax rates applied to a
small range of incomes. The arguments in the proofs of Propositions 3 - 6 imply that if either
condition (12) or condition (13) is violated at yp, then there is no “small” reform applied to

incomes in a small neighborhood of yg that is both welfare-improving and politically feasible.

Theorem 4 Given a status quo schedule Ty and a specification of welfare weights g. Consider

an income level yo so that

Ty (yo) > min{D;" (y0), D™ (yo)}

and

Ty (yo) < max{D," (yo), DM (yo)} -

Then there exist § > 0 and € > 0, so that any reform (T,yq,yp) with —6 < 7 < 0§, yo — Yo < €

and Yy, — yo < € is politically infeasible or welfare-damaging.
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Figure 7?7 provides an illustration of Theorems 3 and 4 under the assumptions that there
are no income effect and that the status quo schedule is the laissez-faire-schedule. The figure
shows that for incomes above the median, an increase in marginal tax rates is both welfare-
improving and politically feasible. This holds for any welfare function under which the function
g is strictly decreasing.'® By contrast, for incomes below the median, there is no reform that is
both politically feasible and welfare-improving: Welfare improvements require to raise marginal
taxes relative to laissez faire, whereas political feasibility requires to introduce negative marginal
tax rates.

Figure 7?7 modifies the status quo tax schedule so that Tj is defined as in (8) and keeps
the assumption that there are no income effects. In this figure, for very low incomes, there
is no reform that is both politically feasible and welfare-improving. For incomes close to but
below the median, tax cuts are politically feasible and welfare-improving according to some but
not all social welfare functions. For incomes above the median, taxes are inefficiently high so
that tax cuts are both politically feasible and welfare-improving. Figure ?? modifies Figure 77
by assuming a utility function that gives rise to income effects with the consequence that the
schedules f)gv and DM are no longer independent of the status quo. There is now a range of
incomes close to but above the median, where tax increases are politically feasible but welfare-

damaging according to some social welfare function.

Our analysis suggests that existing tax schedules can be viewed as a resulting from compromise
between concerns for welfare-maximization on the one hand, and concerns for political support
on the other. If the maximization of political support was the only force in the determination of
tax policy, we would expect to see tax rates close to the revenue-maximizing rate D for incomes
above the median and negative rates close to D for incomes below the median. Concerns
for welfare dampen these effects. A welfare-maximizing approach will generally yield higher
marginal tax rates for incomes below the median and lower marginal tax rates for incomes
above the median.

Our analysis also raises a question. Diamond (1998) and Saez (2001) have argued that,
for plausible specifications of welfare weights, existing tax schedules have marginal tax rates
for high incomes that are too low. Our analysis would suggest that an increase of these tax
rates would not only be welfare-improving but also politically feasible. Why don’t we see more

reforms that involve higher tax rates for the rich?

9 Extensions

In this section, we show that a weakened version of the median voter theorem (Theorem 1)
applies to models with more than one source of heterogeneity among individuals. Specifically,
we show that a small tax reform is preferred by a majority of taxpayers if and only if it is
preferred by the taxpayer with median income. This is similar to Theorem 1, except that
Theorem 1 applies to any reform and not just to small ones.

Throughout we stick to the assumption that individuals differ in their productive abilities w.

We introduce a second consumption good and a possibility of heterogeneity in preferences over

131f g(w) = 1, for all w, then such tax increases are politically feasible, but not welfare improving.
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consumption goods in Section 9.1. We use this framework to discuss whether the introduction
of distortionary taxes on savings is politically feasible. In Section 9.2 we consider fixed costs of
labor market participation as an additional source of heterogeneity.'* In Section 9.3 we assume
that individuals differ in their valuation of increased public spending.'® Finally, in Section 9.4,

individuals differ by how much of their income is due to luck as in Alesina and Angeletos (2005).

9.1 Political support for taxes on savings

We now suppose that there are two consumption goods. We refer to them as food and savings,

respectively. An individual’s budget constraint now reads as
cf+cs+ TOS(CS) + Tshs(cs) <cot+y-— TO(y) - Th(y) . (14)

The variables on the right-hand side of the budget constraint have been defined before. On the
left-hand side, ¢y denotes food consumption and ¢y savings. In the status quo savings are taxed
according to a possibly non-linear savings-tax function Tps. A reform replaces both the status
quo income tax schedule Ty by 177 = Ty + 7h and the status quo savings tax schedule Tys by
T1s = Tos + Tshs. We maintain the assumption that the functions h and hg are non-decreasing
and focus on revenue neutral reforms so that either 7 > 0 and 75, <0 or 7 < 0 and 75 > 0.

Preferences of individuals are given by a utility function u(v(cy,cs, 8),y,w), where v is a
sub-utility function that assigns consumption utility to any consumption bundle (cf,cs). The
marginal rate of substitution between food and savings depends on a parameter 3. We do not
assume a priori that g is the same for all individuals. Under this assumption, however, the utility
function u has the properties under which an efficient tax system does not involve distortionary
commodity taxes, see Atkinson-Stiglitz (1976), or Laroque (2005) for a more elementary proof.
In particular, distortionary taxes on savings are then undesirable from a welfare-perspective.

Individuals choose ¢, ¢; and y to maximize utility subject to the budget constraint above.
We denote the utility maximizing choices by C}Z(TS, T, B,w), ci(7s, T, B,w) and y*(7s, 7, f,w) and
the corresponding level of indirect utility by V' (7s, 7, 5,w). The slope of an indifference curve in
a 7-T; diagram determines the individuals’ willingness to accept higher savings taxes in return
for lower taxes on current earnings. The following Lemma provides a characterization of this
marginal rate of substitution in a neighborhood of the status quo.

Before we can state the Lemma, we introduce some notation. Let

s(t, 7%, Bw) = _ YVl 7B w)
Vi (76,7, B, w)

be the slope of an individual’s indifference curve in a 7-7, diagram. The status quo has
7 = 75 = 0. The slope in the status quo is denoted by s°(w,3). We denote the individu-
als food consumption, savings and earnings in the status quo by 6(} (w, B), A(w, B) and 7°(w, B),

respectively.

Lemma 7 In the status quo the slope of a type (w, 5)-individual’s indifference curve in a T-Ts
diagram is given by
h(g° (w, B
o) = M B)
hs(&(w, B))

14See Saez (2002), Choné and Laroque (2011), and Jacquet, Lehmann and Van der Linden (2013).
153ee Boadway and Keen (1993), Hellwig (2004), Bierbrauer and Sahm (2010) or Bierbrauer (2014).
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The proof of Lemma 7 can be found in the Appendix. The Lemma provides a generalization of
Roy’s identity that is useful for an analysis of non-linear tax systems. As is well known, with
linear tax systems, the marginal effect of, say, an increased savings tax on indirect utility is
equal to —A*ck(-), where A\* is the multiplier on the individual’s budget constraint, also referred
to as the marginal utility of income. Analogously, the increase of a linear income tax affects
indirect utility via —A*y*(-) so that the slope of an indifference curves in a 74 — 7-diagram

would be equal to the earnings-savings-ratio —z: 8 Allowing for non-linear tax systems and

allowing for more general perturbations of those implies that the simple earnings-savings-ratio

is replaced by — fz((y;(('_)))). That said, even with non-linear taxes in the status quo, the simple

earnings-savings-ratio is relevant if the reform is such that h(y) = y, for all y, and hs(cs) = cs,
for all ¢, i.e. if all marginal income tax rates change by 7 and all marginal savings tax rates
change by 7s.

Consider a reform that involves an increase in the savings tax rate drs; > 0 and a reduction
of taxes on income dr < 0. We say that a type (w, 5)-individual strictly prefers a small reform

with increased savings taxes over the status quo if
V:.(0,0, B,w)dTs + V-(0,0, B,w)dr > 0,

or, equivalently, if
drs _ o _ Mg (w,B))
ar 70 = @ B)

Since hg is an increasing function, this condition is, ceteris paribus, easier to satisfy if the

(15)

individual has little savings in the status quo.

The ratio % on the left-hand side of inequality (15) follows from the behavioral responses of

individuals to a small revenue-neutral tax reform. Let

AP (1, 7) = /W{TOS(Ci(-)) + Tshs(c5()) FdF (W)

w

be the tax revenue from savings taxes and

A7) = [ {Toly" () + Thly ()}F()
be the tax revenue from income taxation. Revenue-neutrality requires that
ABs (7, m)drg + A (75, 7)dr + AR (15, 7)d7s + AR (75, 7)dT =0,

or, equivalently, that
% _ AE(T&T) + AES(TS’T)
dr ABs (7, 1) + AR (74, 7)

?

which has to be evaluated for (75, 7) = (0,0). A more detailed characterization of this expression
would lead us astray. We simply assume that, for the reforms that we consider, this expression

is well-defined and takes a finite negative value.

Different types will typically differ in their generalized earnings-savings-ratio s°(w, ) and we
can order types according to this one-dimensional index. Let (w,3)°™ be the type with the
median value of s(w, 3). The following proposition extends Theorem 1. It asserts that a small

reform is politically feasible if and only if it is supported by the median type (w, 3)*M.

30



Proposition 7 For a given status quo tax policy and a given functions h and hg,

1. If type (w, B)°M strictly prefers a small reform with increased savings tazes over the status
quo, then there is a majority of individuals who strictly prefer such a reform over the

status quo.

2. If type (w, B)'M weakly prefers the status quo over a small reform with increased savings
taxes, then there is a majority of individuals who weakly prefer the status quo over such a

reform.

Proof We first show that a small reform is strictly supported by a majority of the population if
it is strictly preferred by the median voter. Suppose that % > 59 ((w, B)oM ) This also implies
% > s%(w, B) for all individuals with s° ((w, 8)°M) > s%(w, 3). By the definition of the status
quo median voter (w, B)M the mass of taxpayers with this property is equal to % Hence, the
reform is supported by a majority of the population.

Second, we show that the status quo is weakly preferred by a majority of individuals if it
is weakly preferred by the status quo median voter. Suppose that the status quo is weakly
preferred by the median voter so that % < s ((w, B)OM). This also implies % < s%w, B),
for all types (w, ) so that s° ((w,ﬁ)OM) < s%w, B). By the definition of (w,3)°™ the mass

1

of taxpayers with this property is equal to 5. Hence, the status quo is weakly preferred by a

majority of individuals. O

As Theorem 1, Proposition 7 exploits the observation that individuals can be ordered according
to a one-dimensional statistic that pins down whether or not they benefit from a tax reform. This
makes it possible to prove a median-voter theorem for reforms that remain in a neighborhood
of the status quo.

Theorem 1, by contrast, did not require the assumption that reforms are small. With only
one-dimensional heterogeneity, there is a monotonic relation between types and earnings so
that the identity of the type with median income does not depend on the status quo. Whatever
the tax system, the person with the median income is the person with the median type w™.
Here, by contrast, we allow for heterogeneity both in productive abilities and in preferences over
consumption goods. The type with the median value of the generalized earnings-savings-ratio
s%(w, B) will then typically depend on the status quo tax system.

This does not pose a problem if we focus on small reforms, i.e. (75,7) = (0,0). In this
case, preferences over reforms follow from the generalized earnings-savings-ratios in the status
quo, and a small reform is preferred by a majority of individuals if and only if it is preferred
by the individual with the median ratio. The sufficient statistics for Pareto-improving, welfare-
improving and politically feasible reforms in previous sections were derived by an analysis of
small reforms. Proposition 7 suggests that the extension of this approach to richer models of

taxation should face no conceptual difficulty.

If we impose the assumption that the marginal rate of substitution between food and consump-
tion is the same for all individuals, or equivalently, that the parameter § is the same for all,
then, by the arguments of Atkinson and Stiglitz (1976), a welfare-maximizing tax system does

not involve distortionary savings taxes. Proposition 7 suggests, however, that the introduction
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of such taxes may well be politically feasible. To see this, consider a reform so that h(y) = v,
for all y, and hs(cs) = cs, for all ¢s. Hence s”(w) is simply the ratio of earnings to savings times
-1. If the person with median income has positive earnings and hardly any savings, i.e. lives
hand to mouth, then s° (wM ) will be close to —oo and the median voter will support such a
tax reform.'® Alternatively, we may consider a perturbation h, that that takes values close to
zero for the median voter’s savings level but involves substantial tax increases for higher savings
levels. Then, again
DMy = — h@f)(wM))
hs(EQ(w))

is close to —oo so that such a reform is politically feasible.

9.2 Fixed costs of labor market participation

With fixed costs of labor market participation individuals derive utility u(c —6 140, y,w) from
a (c,y)-pair. Fixed costs € absorb some of the individuals after-tax income if the individual
becomes active on the labor market, e.g. because of additional child care expenses. As before,
there is an initial status quo tax schedule under which earnings are transformed into after-tax
income according to the schedule Cy with Cy(y) = cog +y — To(y). After a reform, the schedule

is
Ci(y) =co+ AR +y—To(y) — 7 h(y) ,

R

where h is a non-decreasing function of y. We denote by y*(A™, 7,w, #) the solution to

m;xx uw(Ci(y) — 0 1y>0,y,w),

and the corresponding level of indirect utility by V (A, 7,w,6). We proceed analogously for
other variables: What has been a function of w in previous sections is now a function of w and
6.

For a given function h, the marginal gain that is realized by an individual with type (w, )

if the tax rate 7 is increased, is given by the following analogue to equation (3),
AL (w,0 | 7,h) = g (w,0) (AF(1,h) = h(7"(w,9))) . (16)

where ) (w, ) is the marginal utility of consumption realized by a type (w, #)-individual after

the reform, and '(w, #) are the individual’s post-reform earnings. At 7 = 0, we can also write
AT (w,0]0,h) = d(w,0) (AF(0,h) — h(3°(w,0))) , (17)

where @(w,6) and 7°(w,f) are, respectively, marginal utility of consumption and earnings in
the status quo.

For a given status quo tax policy and a given function h we say that type (w, 6) strictly prefers
a small tax reform over the status quo if AY (w, 6 | 0, h) > 0. The status quo median voter strictly
prefers a small reform if AY ((w, 0)%M | 0, h) > 0, where y°M is the median of the distribution

of earnings in the status quo and (w, )™ is the corresponding type; i.e. 7° ((w, O)OM) = o0M,

16 Also note that if all individuals had the same earnings-to-savings-ratio in the status quo, then a reform would

be politically feasible if and only if it was Pareto-improving.
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Proposition 8 For a given status quo tax policy and a given function h,

1. If the status quo median voter strictly prefers a small reform over the status quo, then

there is a majority of individuals who strictly prefer a small reform over the status quo.

2. If the status quo median voter weakly prefers the status quo over a small reform, then

there is a majority of individuals who weakly prefer the status quo over a small reform.

Proof We focus without loss of generality on tax increases, i.e. 7 > 0.
We first show that a small reform is strictly supported by a majority of the population if it is
strictly preferred by the median voter. Suppose that AY ((w, 0)°M | 0, h) > 0. Since @2(-) > 0,

this implies
AR0,h) — h(y®M) > 0.

Since h is a non-decreasing function, this also implies
AT(0,h) = h(§°(w,0)) >0,

for all (w, ) so that §° (w,0) < y°M. By definition of the status quo median voter the mass of
taxpayers with 7° (w,0) < y°™ is equal to % Hence, the reform is supported by a majority of
the population.

Second, we show that the status quo is weakly preferred by a majority of individuals if it
is weakly preferred by the status quo median voter. Suppose that the status quo is weakly

preferred by the median voter so that
A0, h) = h(y™™) < 0.

Since h is a non-decreasing function, this also implies
AF(0,h) — h(§(w,6)) <0,

for all (w, ) so that §° (w,6) < y°™. By definition of the status quo median voter the mass of

taxpayers with §° (w,0) < y"™ is equal to % Hence, the status quo is weakly preferred by a
majority of individuals.

O

Proposition 8 exploits that the slope of a type (w, ) individual’s indifference curve through
a point (7, AF),

S(T’ AR’ w’ 0) = h(y*(AR’ 7—7 w? 0)) :

is a function of the individual’s income. As in the basic Mirrleesian setup, the interpretation is
that individuals with a higher income are more difficult to convince that a reform that involves
tax increases (7 > 0) is worthwhile. A difference to the Mirrleesian setup is, however, that there
is no monotonic relation between types and earnings. In the presence of income effects, and for

a given level of w, y* will increase in 6 as long as 6 is below a threshold é(w) and be equal to 0
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for 6 above the threshold. This also implies that there is no longer a fixed type whose income is
equal to the median income whatever the tax schedule. As for Proposition 7 this does not pose
a problem if we focus on small reforms, i.e. on small deviations from (7, A®) = (0,0). In this
case, preferences over reforms follow from the relation between types and earnings in the status
quo, and a small reform is preferred by a majority of individuals if and only if it is preferred by
the individual with the median level of income in the status quo.

The sufficient statistics for Pareto-improving, welfare-improving and politically feasible re-
forms in previous sections were derived by an analysis of small reforms. Proposition 8 suggests
that the extension of this approach to richer models of taxation should face no conceptual
difficulty.

9.3 Public-goods preferences

Suppose that the change in revenue Af is used to increase or decrease spending on publicly

provided goods. The post-reform consumption schedule is then given by

Ci(y) =co+y—To(y) — 7 h(y) ,

We assume that individuals differ with respect to their public-goods preferences. Now the
parameter 6 is a measure of an individual’s willingness to give up private goods consumption

in exchange for more public goods. More specifically, we assume that individual utility is
w(@(R" + AT) + Ci(y), y,0)

where R is spending on publicly provided goods in the status quo. Again, we denote by
y* (AR, 7,w,0) the solution to

max u(0(R® + A%) + Ci(y), y,w)
Yy

and indirect utility by V(A 7,w,0). By the envelope theorem, the slope of a type (w,6)

individual’s indifference curve through point (7, A®) is now given by

h(y* (A", 7, w,0))
J :

This marginal rate of substitution gives the increase in public-goods provision that an individual

s(r,AF w,0) =

requires as a compensation for an increase of marginal tax rates. Ceteris paribus, individuals
with a lower income and individuals with a higher public-goods preference require less of a
compensation, i.e. they have a higher willingness to pay higher taxes for increased public-goods
provision. If we focus on small reforms we observe, again, that if a type (w, #)-individual benefits
from a small tax-increase, then the same is true for any type (w’,6’) with
Wi, 0)) O 0)
0 - 0

By the arguments in the proof of Proposition 8, a small reform with 7 > 0 is preferred by a

majority of individuals if and only if

(h@O%w,e»)OM <9
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oM

is the median willingness to pay higher taxes for increased public spending

where (7}1@0(9“’9)))

in the status quo. These observations are summarized in the following Proposition that we state

without proof.

Proposition 9 For a given status quo tax policy and a given function h,

-0 oM
1. If (M) < dﬁTR, then there is a majority of individuals who strictly prefer a small

reform over the status quo.

- oM
2. If (M) > dﬁ_R, then there is a majority of individuals who weakly prefer the

status quo over a small reform.

Like Proposition 8, Proposition 9 shows that a small reform is supported by a majority of
individuals if and only if it is supported by a median type. For Proposition 8 the relevant
median type is simply the one who has the median income in the status quo. For Proposition

~0
9, by contrast, we have to look at the median of the distribution of M.

9.4 Fairness and politically feasible reforms

We adapt the model of Alesina and Angeletos (2005) to our setting. Their main result is
that a demand for fair taxes can give rise to multiple equilibria. An important building block
of their analysis is the validity of the median voter theorem. This allows them to pin down
equilibrium tax rates. However, they focus on affine tax schedules as in the original analysis
of Roberts (1977). We show that a median voter theorem for small reforms of non-linear tax
systems applies to their setting. Hence, a derivation of sufficient statistics for Pareto-improving,
welfare-improving or politically feasible reforms for a model that includes a demand for fair taxes
should face no conceptual difficulty.

There are two periods. When young in ¢ = 0 individuals choose a level of human capital
k. When old in ¢t = 1 individuals choose productive effort or labor supply /. Pre-tax income is

determined by
y=mn(,k)+n,

where 7 is a production function that is increasing in both arguments and 7 is a random source
of income, also referred to as luck. An individual’s life-time utility is written as u(c,l, k,w).
Utility is increasing in the first argument. It is decreasing in the second and third argument
to capture the effort costs of labor supply and human capital investments, respectively. Effort
costs are decreasing in w. More formally, lower types have steeper indifference curves both in a

(c,1)-space and in a (c, k)-space. We consider reforms that lead to a consumption schedule
Cily) = co+ AT +y —To(y) — 7 h(y) .

To be specific, we assume that individuals first observe how lucky they are and then choose how
hard they work, i.e. given a realization of 1 and given the predetermined level of k, individuals

choose [ so as to maximize

w(Ci(n(l, k) + 1),k w) .
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We denote the solution to this problem by I*(Af, 7, w,n, k). Indirect utility is denoted by
V(AR 7,w,n, k). As of t = 1, there is multi-dimensional heterogeneity among individuals:
They differ in their type w, in their realization of luck 1 and possibly also in their human
capital k.

In Alesina and Angeletos (2005) preferences over reforms have a selfish and fairness com-
ponent. The indirect utility function V' shapes the individuals’ selfish preferences over reforms,
for predetermined levels of human capital. The analysis of these selfish preferences can proceed
along similar lines as the extension that considered fixed costs of labor market participation.
Selfish preferences over small reforms follow from the relation between types and earnings in
the status quo, and a small reform makes a majority better off if and only if it is benefi-
cial for the individual with the median level of income in the status quo. More formally, let
7°(w,n, k) == y*(0,0,w,n, k) be a shorthand for the earnings of a type (w, 7, k)-individual in the

status quo and recall that the sign of
5(0,0,w,m,k) = h(§°(w,n,k)) -

determines whether an individual benefits from a small tax reform.Since h is a non-decreasing

function of income, if

R
(KM = b (57) < 2

where %M is the median level of income in the status quo and (w, 7, k)°M is the corresponding
type, then a majority of individuals is, according to their selfish preference component made

better off. The following Proposition that we state without proof summarizes.

Proposition 10 For a given status quo tax policy and a given function h,

1. If, according to her selfish preferences, the status quo median voter strictly prefers a small
reform over the status quo, then there is a magority of individuals who, according to their

selfish preferences strictly prefer a small reform over the status quo.

2. If, according to her selfish preferences, the status quo median voter weakly prefers the
status quo over a small reform, then there is a majority of individuals who, according to

their selfish preferences, weakly prefer the status quo over a small reform.

In their formalization of social preferences, Alesina and Angeletos (2005) view 7 (I, k) as a
reference income. It is the part of income that is due to effort as opposed to luck. A tax reform
affects the share of y = 7(l, k) + n that individuals can keep for themselves. After the reform,

the difference between disposable income and the reference income is given by!'”

Ci(y) —m(l,k) =n—To(x(l,k) +n) — Th(m(l, k) +n) .

'"The analysis in Alesina and Angeletos (2005) looks at special case of this. They focus on a status quo equal
to the laissez-faire schedule so that To(y) = 0, for all y, and a reform that introduces a linear tax schedule, i.e.
h(y) =y, for all y. Under these assumptions,

n—To(r(l,k)+n) —7th(x(l,k)+n) =1 —1)n+ 7, k) .
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A social preferences for fair taxes is then equated with a desire to minimize the variance of
n—To(w(l,k) +n) — Th(n(l, k) +n) taking into account that k and I are endogenous variables.!®
Denote this variance henceforth by (A% 7).

Any one individual is assumed to evaluate a tax reform according to
V(ARa T,W,1, k) - P E(AR? 7_)

where p is the weight on fairness considerations which is assumed to be the same for all indi-
viduals. Therefore, heterogeneity in preferences over reforms is entirely due to heterogeneity in
selfish preferences. Consequently, the finding that a small reform is preferred by a majority of
taxpayers if and only if it is preferred by the voter with median income in the status quo is not

affected by the inclusion of a demand for fair taxes.

10 Concluding remarks

This paper develops a framework for an analysis of tax reforms. This framework can be applied
to any given income tax system. It makes it possible to identify reforms that are politically
feasible in the sense that they would be supported by a majority of taxpayers or to identify
welfare-improving reforms. One can also study the intersection of politically feasible and welfare-
improving reforms. If this set is empty, the status quo is constrained efficient because the scope
for politically feasible welfare-improvements has been exhausted. Any reform that is politically
feasible, and therefore has benefits for a majority of taxpayers, then imposes a burden on a
minority of tax-payers that is so large that a welfare-maximizer would reject the reform. Reforms
with benefits that outweigh the costs lack political support because the set of beneficiaries is
too small. By contrast, if one identifies reforms that are both politically feasible and welfare-
improving, one might expect that those reforms will be taken up in the political process.

With non-linear tax systems, the policy-space is multi-dimensional with the implication
that political economy forces are difficult to characterize. A main result in our paper is that
this difficulty can be overcome by looking at tax reforms that are monotonic in the sense that
marginal tax rates for the poor do not increase more than marginal tax rates for the rich. We
show that, with such a policy space, a reform is preferred by a majority of taxpayers if and
only if it is preferred by the taxpayer with median income. We show that this implies that tax
decreases for incomes below the median and tax increases for incomes above the median are
politically feasible, provided that tax rates stay within Pareto bounds. Concerns for welfare
tend to dampen these effects. Very low taxes for the poor can be supported only by a welfare
function that assigns more weight to middle incomes than to low incomes. Very high taxes at
the top require a welfare function that assigns little weight to the rich.

We develop the argument in the context of a Mirrleesian model of income taxation. However,
what is really driving the analysis is a link between two different single crossing properties. The
Spence-Mirrlees single crossing property holds provided that more productive individuals are
more willing to work harder in exchange for additional consumption. By Theorem 1, the Spence-

Mirrlees single-crossing property implies that political preferences over tax reforms also satisfy

'8Human capital investment is a function of effort costs w and the expectations (A%, 7¢) of the young on the

tax reforms that will be adopted when they are old.
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a single crossing property. We therefore conjecture that a similar analysis is possible for any
model of taxation in which a version of the Spence-Mirrlees single crossing property holds.
Essentially, this is any model in which taxes affect the decisions of individuals and in which
those decisions are monotonic in the individuals’ types. We show that this conjecture holds for
models with fixed costs of labor market participation as in Saez (2002), models that include
diverse preferences over public goods, or models that include an investment in human capital
as in Alesina and Angeletos (2005).

Our analysis identifies, for each level of income, Pareto-bounds for marginal tax rates. It
also identifies the welfare weights that are needed to justify tax cuts or tax increases from
a welfare perspective. Finally, it identifies reforms that would be preferred by a majority of
voters. Moreover, we derive sufficient statistics that make it possible to bring this framework
to the data. This makes it possible to see what types of reforms are possible under a given
status quo tax policy. Future research might use this framework to complement existing studies
on the history of income taxation. For instance, Scheve and Stasavage (2016) study, among
other questions, whether tax systems have become more progressive in response to increases in
inequality or in response to extensions of the franchise. Their analysis compares tax policies
that have been adopted at different points in time, or by countries with different institutions.
It does not include an analysis of the reforms that appear to have been politically feasible or

welfare-improving in a given year for a given country and a given status quo tax schedule.
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Appendix

A  Proofs

Proof of Lemma 1

We only prove the first statement. The proof of the second statement follows from an analogous argument.
Under the initial tax schedule Ty an individual with type w,(0) prefers y, over all income levels y > y,,.
We argue that the same is true under the new tax schedule Tj. This proves that w,(7) > we(0). Consider
a y-c-diagram and the indifference curve of a type w,(0)-type through the point (ya, co+va—To(ya)). By
definition of type wq(0), all points (y,y — To(y)) with y > y, lie below this indifference curve under the
initial tax schedule. Under the new schedule 77, this individual receives a lump-sum transfer A% > 0.
Hence, the indifference curve through (y,,co + AR + y, — To(ya)) is at least as steep as the indifference
curve through (ya,co + ya — To(ya)). Thus, the individual prefers (yq,co + A + yo — To(ya)) over all
points (y,co + AT +y — Ty(y)) with y > y,. Since for all y > y,, Ti(y) > To(y), the individual also
prefers (ya,co + AT 4+ y, — To(ya)) over all points (y,co + A +y — Ty (y)) with y > y,.

Proof of Lemma 2

Consider a reform that involves an increase of marginal tax rates 7 > 0. If before the reform, all types

where choosing an income level y*(0,0,w) that satisfies the first order condition

ue(-)(1 = T5(+) +uy(-) =0,

then, after the reform there will be a set of types (wq(7),w(7)] who will now bunch at y,. These

individuals chose an income level above y, before the reform. After the reform they will find that
uc()(L=T5(-) = 7) +uy (1) <0,

for all y € (ya,y*(0,0,w)] and therefore prefer y, over any income in this range. At the same time, they
will find that

uc(-)(1 = T5(+) +uy(-) >0,

so that there is also no incentive to choose an income level lower than y,. Hence, the types who bunch
are those for which at y,,

L= T) > =220 > 1~ Ty(un) - 7

An analogous argument implies that for a reform that involves a decrease in marginal tax rates 7 > 0,

there will be a set of types [wy(7),ws(7)] who bunch at y; after the reform.

Proof of Lemma 3

We only prove the first statement. The proof of the second statement follows from an analogous argument.
Under the initial tax schedule Tj an individual with type wy(0) prefers y, over all income levels y > yp.
We argue that the same is true under the new tax schedule 77. This proves that wy(7) > wy(0). Consider
a y-c-diagram and the indifference curve of a type wy(0)-type through the point (ys,co + y» — To(yp))-
By definition of type wy(0), all points (y,co +y — To(y)) with y > y; lie below this indifference curve
under the initial tax schedule. Under the new schedule 77, this individual receives a lump-sum transfer
AR — 7(yy — ya) < 0. Without income effects, the indifference curve through (ys,co + A® — 7(y, —
Ya) + yb — To(yp)) has the same slope as the indifference curve through (ys, co + y» — To(yp)). Thus, the
individual prefers (yy, co+AR —7(yp —ya ) +yp — To(yp)) over all points (y, co+ A% —7(yp —ya) +y—To(y))
with y > v, or equivalently over all points (y,co + A% +y — T1(y)) with y > ys.
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Proof of Lemma 4

By definition of the function §°, for any w’ € Q,

FO (W) = F(W), (18)
and, hence,
P @NT (W) = F) (19)

where f is the derivative of F, f° is the derivative of F° and go/ is the derivative of 7°. Equations (18)
and (19) imply that, for any given «’,

1-FPEW) 1 FW)

20
FOF0 ()7 (') f(w) (20)
The assumptions that F(u) =1~ (45%)" and 7)) =1 - () il hat
1-— F(w’) _ w'
W) e’ (21)
and
1= P _ W) ”

FoF(w) b
Substituting (21) and (22) into (20) yields

<)
=)
—
S
—
—
E\

b YW  a’

or, equivalently,

W' a

go,(w/)go(w/) = b =7-

The solution to this differential equation is defined up to a multiplicative constant «, and given by

7' (w) = aw".

Proof of Theorem 1
Step 1. We show that

AY (w]0,h) = @(w) (AF(0,h) = h(F°(w)))

0

for all w € €2, where

(w) is a shorthand for the marginal utility of consumption that a type w-individual
realizes in the status quo.

For individuals whose behavior is characterized by a first-order condition, this follows from a straight-
forward application of the envelope theorem. If we consider reforms in the (7,4, yp)-class we have to
take account of the possibility of bunching. Consider the case with 7 > 0. The case 7 < 0 is analogous.
With 7 > 0, there will be individuals who bunch at 7,. For these individuals, marginal changes of A%

and 7 do not trigger an adjustment of the chosen level of earnings. Hence,

AV(w|r,h) = £ ulco+ AT, h) +ya — To(Ya) — Th(Ya), Ya, w)
= ue(co + AR(T,h) + Yo — To(Ya) = Th(Ya), Ya, w) (AF(T, k) = h(ya))

By assumption, the status quo tax schedule does not induce bunching. Thus, at 7 = 0, this expression

applies only to type wq(0) for whom §°(wq(0)) = y,. This proves that

AT (w [ 0,h) = ag(w) (AF(0, h) = A7 (w)))
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holds for all w.

Step 2. Suppose that h is a non-decreasing function. (An analogous argument applies if h is non-
increasing.) We show that AY (w™ | 0,h) > 0 implies AY (w | 0, ) > 0 for a majority of individuals.

By Step 1, AY (w™ | 0,h) > 0 holds if and only if AZ(0,h) — h(§°(w™)) > 0. As h and § are non-
decreasing function, this implies AZ(0,h) — h(7°(w)) > 0, for all w < w™ | and hence AY (w | 0,h) > 0
for all w < WM,

Step 3. Suppose that h is a non-decreasing function. (An analogous argument applies if h is non-
increasing.) We show that AY (w™ ] 0,h) <0 implies AY (w | 0,h) < 0 for a majority of individuals.

By Step 1, AY (w™ | 0,h) < 0 holds if and only if AZ(0,h) — h(g°(w™)) < 0. As h and § are non-
decreasing function, this implies AZ(0,h) — h(7°(w)) < 0, for all w > w™ | and hence AY (w | 0,h) < 0
for all w > wM.

Proof of Lemma 5

For individuals whose behavior is characterized by a first-order condition, the utility realized under a
reform that involves a change in the lump-sum-transfer by A® and a change of marginal taxes by 7 is

given by V(AF 7 w). The marginal rate of substitution between 7 and A® is therefore given by

dAR _ _VT(AR,T,w)
ar ) av=o V(AR 1 w)’

By the envelope theorem,
Vi(AR 7,0) = —u.() h(y* (AR, 7,w)) and V(AR 7,w) = u.(") .

Thus,

(ddATR)ldvo = h(y" (A", 7,w)) .

If we consider reforms in the (7, y,, ys)-class we have to take account of the possibility of bunching.
We only consider the case with 7 > 0. The case 7 < 0 is analogous. With 7 > 0, there will be individuals
who bunch at 7,. For these individuals, marginal changes of A% and 7 do not trigger an adjustment of
the chosen level of earnings. Hence, a marginal change of A yields a change in utility equal to wu.(-).
The change in utility due to a change in the marginal tax rate is given by —u.(-) h(y,) = 0. Again, the

marginal rate of substitution equals h(y,) = 0.

Proof of Proposition 1

From Step 1 in the proof of Theorem 1 we know that

AY (W [0,h) = @(w) (AF(0,h) — h(7°(w))) -
Now let

AY (WM [ 0,h) = @) (AR(0,h)  h(F(WM) > 0.
With h non-increasing for y > y™, this implies that

AY (@] 0,h) = @0(w) (AR(0, 1) — h(F°(w))) > 0,

for all w > w™ and hence for a majority of the population.
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Proof of Lemma 6

The proof follows two steps: First we show that, for all w,
AY (w ] 1, h) = @i(w) (AT (r, k) = h(F' () -

Second, we show that @!(w) is a non-increasing function of w.

Step 1. Suppose that 7 > 0. The case 7 < 0 is analogous. We first consider reforms (7, k) under
which individual earnings are characterized by a first order condition. In this case, the envelope theorem
implies

AY (|7, h) = uc () (AF (7, h) = h(7' (W) .
where wu.(-) is marginal utility evaluated at ¢ = ¢y + A%(r,h) + §'(w) — T1(§'(w)) and §'(w) =
y (AR, h), T,w)).
We now consider a reform that belongs to the (7, yq, ys)-class. The above reasoning extends to types

with w < we(7), w € [Wa(T),ws(7)] and w > wy(7) whose behavior is characterized by a first order
condition. Individuals with types in [w,(7),w,(7)] bunch at income level y, after the reform so that

Av(w | T, yavyb) = U(CO + AR(Tv yaayb) + Yo — TO(ya)vyaaw) - V(0,0,W) .

Hence,

A‘/‘-/(w | T, yavyb) = Uc¢ () AE(’D yaayb) 5

where . (+) is marginal utility evaluated at ¢ = co+ AR (7, ya, yp) +y —To(y) and y = y,. Since h(y,) = 0,

this implies, in particular,

AL (@] 7 ya, ) = e () (AF(T, Yo, yo) = h(Ya)) -

Step 2. By the Spence-Mirrlees single crossing property, §' is a non-decreasing function. In addition,
h is a non-decreasing function. Consequently, AZ(7, h) — h(§!(w)) is a non-increasing function of w. To
complete the proof of the Lemma we show that @!(w) is also a non-increasing function of w. To this end,

we show that, for all w,

B () = () < 0
We also define
/ 0
1 _ 9 4
g (W) =59 (w).

By definition,
Gp(w) = uc(co + A + 7' (w) = T1(7' (W), 7' (W), w) ,

R

where ! (w) equals y, for a reform in the (7,94, yp)-class and w € [w,(7),@q(7)] and equals y* (AR, 7,w)

otherwise. Hence,
B () = (el )L = T)) + ey () 77 () + ()

If the individual is bunching at q, then §' (w) = 0, which implies
f‘(lz/(w) = Uew(-) 0.

It remains to be shown that ﬁé/ (w) < 0 also holds if the individual is not bunching at y,. If the individual

is not bunching at y,, §'(w) satisfies the first order condition

~—

1-T)() = “yE) .

IS
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) = () 2 10, )) 7 0) + ).

where, because of (1),

+ucy(r) <0.

Proof of Theorem 2

Suppose that h is a non-decreasing function. The proof for h non-increasing is analogous.
We first show that AV (wM | 7,h) > 0 implies AV (w | 7,h) > 0 for at least half of the population.
By Lemma 6,

AV (WM | 7, h)

Jo AV (w ] s, h)ds
Jo AV (w” | s,h)ds
AV (W' | T, h),

IN

for all w” < wM. Thus, AV (w™ | 7,h) > 0 implies AV (w | 7,h) > 0 for all w < w™.
It remains to be shown that AV (wM | 7,h) < 0 implies AV (w | 7,h) < 0 for at least half of the
population. Again, by Lemma 6,

AV (WM |7 h) = fOT AV (wM | s,h)ds
> [y AV(w' | s,h)ds
= AV(W' | 7,h),

for all ' > wM. Thus, AV (w™ | 7,h) < 0 implies AV (w | 7,h) < 0 for all w > w™.

Proof of Proposition 2
From the proof of Lemma 6 it follows that
AY(w [ 7' h) = dg(w) (AF(T'.h) = h(G' (W) -

where 7}

Thus, AY (w™ | 7/,h) > 0 for all 7 € [0, 7] holds only if

(w) is a non-increasing function of w.

AR, h) = h(g (W) >0

for all 7/ € [0, 7].
With h non-increasing for above median incomes, for all 7/ € [0, 7], this implies that

AF(T',h) = h(7' (@) 2 0,
and hence
A (w |7, h) = ag(w) (AT, h) = h(g'(w))) > 0,

for all w > wM and all 7 € [0, 7].

Hence,

AV(wIT,h):/ AV (w ] s,h) >0,
0

for all w > wM.
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