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We develop a new approach for the identification of Pareto-improving tax reforms. This
approach yields necessary and sufficient conditions for the existence of Pareto-improving re-
form directions. A main insight is that “Two brackets are enough”: When the system cannot
be improved by altering tax rates in one or two income brackets, then there is no continuous
reform direction that is Pareto-improving. We also show how to check whether a given tax
reform is Pareto-improving. We use these tools to study the introduction of the Earned In-
come Tax Credit (EITC) in the US in 1975. A robust finding is that, prior to the EITC, the US
tax-transfer system was not Pareto-efficient. Under plausible assumptions about behavioral
responses, the 1975 reform was not Pareto-improving. Qualitatively, though, it had the right
properties: A similar reform with earnings subsidies made available to a broader range of
incomes would have been Pareto-improving.

KEYWORDS: Tax reforms, Non-linear income taxation, Optimal taxation, Earned Income
Tax Credits, Pareto efficiency.

1. INTRODUCTION

We develop a new approach for the identification of Pareto-improving tax reforms. We prove
two theorems that, respectively, give necessary and sufficient conditions for the existence of
Pareto-improving reform directions. Our approach also enables us to assess whether a given
historical or hypothetical reform direction is Pareto-improving. We, moreover, provide a char-
acterization of reform directions that are optimal in the sense of yielding the maximal “free
lunch”, defined as the tax revenue in excess of what is needed to make sure that no one is made
worse off. This approach does not only tell whether something should be done by answering the
yes-or-no question about the existence of a Pareto-improving direction for reform. It also says
what can be done to improve the system: It identifies the relevant brackets and says for each
such bracket whether marginal tax rates should go up or down. Making use of our results in
applications is straightforward when sufficient-statistics formulas for the revenue implications
of tax reforms are available. We therefore foresee a wide range of potential applications.
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We use this approach in an empirical analysis of an important US tax reform: the introduc-
tion of the Earned Income Tax Credit (EITC), a system of earnings subsidies for low-income
households with dependent children in 1975. It involved changes of marginal tax rates in two
brackets of incomes. Marginal tax rates were reduced in the lower bracket, the phase-in range
of the EITC. They were increased in the higher bracket, the phase-out range. We find that the
US tax-transfer system was not Pareto-efficient prior to the introduction of the EITC. Under
plausible assumptions about behavioral responses, the introduction of the EITC was not Pareto-
improving. Qualitatively, however, it had the right properties. The optimal reform would also
have introduced earnings subsidies, but would have made them available to a broader range of
incomes. That is, the actual reform had phase-in and phase-out ranges that were too narrow.

A theory of Pareto-improving tax reforms. Our theoretical analysis is motivated by two
observations. First, reforms of the EITC typically involved two brackets, a phase-in range with
lower marginal tax rates and a phase-out range with higher tax rates. Second, the literature that
uses perturbation methods for a characterization of optimal tax systems focuses on reforms that
affect marginal tax rates in one bracket: Optimality requires that no such reform can raise social
welfare.! This contrast between one-bracket and two-bracket reforms spurs a more general
question: If one seeks to improve the tax system, how many brackets does one actually need?
To get at this question, we study reforms that involve changes of marginal tax rates in an
arbitrary number of income brackets.

We obtain the following insights: Suppose that a given tax system is “one-bracket-efficient”
in the sense that there does not exist a Pareto-improving one-bracket reform. Can there be
reforms with two brackets that make everyone better off? We show that the answer is “yes”, i.e.,
there are Pareto improvements that require a second bracket. Now, suppose that the scope for
Pareto-improving two-bracket reforms has been exhausted. Can there be reforms with three or
even more brackets that make everyone better off? We show that the answer is “no”, i.e., if there
is no Pareto-improving reform involving one or two brackets, then there is no Pareto-improving
element in the set of continuous reform directions. Broadly summarized:“Two brackets are
enough.” When there is nothing in the special classes of one- or two-bracket reforms, then
there is nothing at all.

These findings are derived from a generic static model of income taxation: Individuals de-
rive utility from consumption and the generation of income requires costly effort. They face a
budget constraint that is shaped by a predetermined non-linear tax-transfer system. We focus
on reforms that are “small” in the sense that tax rates stay close to what they are in the status
quo. The range of incomes subject to tax rate changes is unrestricted; it can be “large”.

Detecting inefficiencies. How can one figure out whether a given tax-transfer system admits
a Pareto-improving reform? Our answer involves an object that we refer to as the revenue
function. This function assigns to every level of income y the additional tax revenue R(y)
that becomes available when marginal tax rates are raised in a small bracket containing that
income level, thereby increasing the tax burden at all higher levels of income. The test for
Pareto efficiency then makes use of the following insights:

1. There is no Pareto-improving one-bracket reform if and only if the function y — R (y) is
bounded from below by 0 and from above by 1. These bounds admit an interpretation as
Laffer conditions that, respectively, indicate whether marginal tax rates are inefficiently
high or inefficiently low: When R(y) < 0, a one-bracket tax cut for incomes close to y
is Pareto-improving. By contrast, when R(y) > 1, then raising tax rates yields so much

!'See Piketty (1997), Saez (2001), Golosov et al. (2014), or Jacquet and Lehmann (2021).
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revenue that every one can be made better off, even those who face a higher tax burden
after the reform.

2. There is no Pareto-improving two-bracket reform if and only if the function y — R(y) is
non-increasing. A violation of this monotonicity condition implies that the tax system can
be Pareto-improved by an EITC-like reform — i.e., a two-bracket reform with a phase-in
and a phase-out range.

Evaluating tax reforms. When a tax system is found to be inefficient, this raises the question
what to do about it. Typically, there is a set of Pareto-improving directions for reform. We
provide a formula that allows to check, for any given continuous reform direction, whether it
belongs to this set. This test requires the same information as the test for the Pareto efficiency
of a tax system sketched above: An estimate of the revenue function y — R(y) needs to be
available.

Optimal reforms — Quantifying inefficiencies. Can one Pareto-improving direction be sin-
gled out as the optimal one? Generally, what an optimal selection from the set of Pareto im-
provements looks like cannot be answered without specifying an objective function. Intuitively,
however, one often thinks of a Pareto improvement as a “free lunch”, a gain that is available to
every one. A money-metric measure of the size of the free lunch is the tax revenue that can be
redistributed lump sum after those whose tax burden goes up (if any) have been compensated.
We provide a characterization of the reform direction that is optimal in the sense of yielding
the maximal free lunch. In particular, when the revenue function is known, we can pin down
the optimal brackets for tax rate cuts and hikes.

The value function of this optimization problem —i.e., the maximum free lunch that the status
quo tax system leaves on the table — can be interpreted as a measure of how inefficient a given
tax system is. With this measure, one can study whether inefficiencies increase or decrease over
time, or whether the inefficiencies for one subgroup of the population are larger or smaller than
those for another subgroup.

The introduction of the EITC. We use these tools to analyze the introduction of the EITC
for low-income households with dependent children in the US. Its introduction in 1975 was a
substantial policy change for many low-income households, see, e.g., Bastian (2020). It was
meant as a response to excessively high marginal tax rates for families that depended on wel-
fare. Specifically, the reform decreased marginal taxes by 10 percentage points in the phase-in
range between 0 and 4,000 USD, and increased them by 10 percentage points in the adjacent
phase-out range between 4,000 and 8,000 USD.

Our analysis of this reform is based on a model with behavioral responses at the intensive
and the extensive margin. We calibrate the corresponding revenue function using empirical
estimates of labor supply elasticities and the income distribution among single parents, as well
as information on the tax-and-transfer schedule. We first check whether the US tax-transfer
system for single parents was Pareto-efficient prior to the introduction of the EITC. We find
that it was not: Specifically, our test indicates that there were Pareto-improving reforms both
with one and with two brackets.” In the second step, we investigate whether the 1975 EITC
reform had a Pareto-improving direction. For empirically plausible elasticities, the answer is
“no”. In a third step, we show that the optimal reform — i.e., the reform yielding the maximal
“free lunch” — was qualitatively similar to the 1975 reform. Specifically, the optimal reform
also involved lower marginal tax rates in a phase-in range and higher marginal tax rates in

2By contrast, the tax-transfer system for childless singles only involved negligible inefficiencies.
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a phase-out range, but it covered a wider range of incomes; plausibly, annual incomes up to
10,250 USD under the optimal reform versus annual incomes up to 8,000 USD under the
actual reform. We show that these conclusions survive various robustness checks involving
alternative elasticity estimates, alternative estimates of the income distribution, or alternative
representations of the US tax-transfer schedule system for single parents.

In an extension of this analysis, we look into subsequent reforms of the EITC. We show that
the 1979 reform, which expanded the range of incomes covered by the EITC, had a Pareto-
improving direction. We also find that the introduction of more generous EITC schedules for
taxpayers with more children (as implemented in the 1990s and 2000s) would have allowed to
realize additional efficiency gains already in the mid-1970s. We conclude that both the intro-
duction of an EITC and its subsequent expansion can, through the lens of our framework, be
rationalized as efficiency-enhancing reforms.

Related literature on Pareto-efficient income taxation. 'We build on a previous literature that
has identified distinct necessary conditions for the Pareto efficiency of a tax system. A contri-
bution of this paper is to provide a unified treatment by making use of the revenue function
y +— R(y). One branch of the literature has generalized the notion of a Laffer bound, i.e., of an
upper bound for marginal tax rates, to non-linear tax schedules, see Stiglitz (1982), Brito et al.
(1990) and, more recently, Badel and Huggett (2017).* This corresponds to the condition in
this paper that the revenue function y — R (y) must be non-negative. Bierbrauer et al. (2021)
show that there is also a lower Pareto bound for marginal tax rates. As we show here, this cor-
responds to the condition that the revenue function y — R (y) must be bounded from above by
1. Werning (2007) and Lorenz and Sachs (2016) develop a test for Pareto efficiency. We find
that this test is essentially equivalent to the condition that the revenue function y — R (y) must
be non-increasing.*

We advance this literature by showing that, taken together, all these conditions on the revenue
function are sufficient for the non-existence of a Pareto-improving reform direction. The previ-
ous literature on sufficient conditions for Pareto efficiency is scarce. An exception is Werning
(2007). He analyses a Pareto problem, an allocation problem where net resources are maxi-
mized subject to reservation utilities that stem from a status quo tax policy. The analysis in-
vokes regularity conditions to ensure that first-order conditions are necessary and sufficient for
Pareto efficiency.’ Thus, Werning’s analysis goes beyond necessary conditions for Pareto effi-
ciency. This said, the regularity conditions merely serve as background assumptions that justify
the focus on first-order conditions. Relative to this benchmark, our approach is more parsimo-
nious in that there is no need to take these regularity conditions on board. The revenue function
y — R(y) exists under weaker conditions. Moreover, it can be used for a direct test of whether
a given tax system satisfies the sufficient conditions for Pareto efficiency. One simply needs to
check whether the revenue function is bounded and non-increasing.

3There is a literature deriving the second-best Pareto frontier for a two-type Mirrlees model with contributions by
Stantcheva (2014) and Bastani et al. (2020). See, for reviews, Stiglitz (1987) and Boadway and Keen (2000).

“Lorenz and Sachs (2016) extend Werning (2007) by considering extensive margin responses. For related work,
see also Blundell and Shephard (2012), Scheuer (2014), Koehne and Sachs (2022), or Hendren (2020).

SFor instance, Werning (2007) imposes a specific additively separable utility function and considers behavioral
responses to taxation only at the intensive margin. Similar conditions can be found in the literature on the validity
of the first-order approach in principal-agent problems, e.g., Rogerson (1985), Jewitt (1988) or Mirrlees (1999).
For our application of interest, the introduction of the EITC, postulating only intensive margin responses would be
inappropriate.
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Our paper is also related to a literature on the inverse tax problem.® This literature takes a
status quo tax system as given and then asks whether there is a social welfare function for
which this system appears to be welfare-maximizing. The formal analysis focuses on the first-
order conditions of a Mirrleesian optimal income tax problem and treats the welfare weights
that appear in these conditions as endogenous objects. If these implicit welfare weights are
found to be negative, this is taken to indicate that the given tax system is incompatible with the
maximization of a Paretian social welfare function, and hence not Pareto-efficient. Again, it is
common in this literature to impose regularity conditions to ensure that first-order conditions
actually identify a welfare maximum.’

We contribute to the literature on the inverse tax problem by adding a formal proof that non-
negative implicit weights are both necessary and sufficient for the non-existence of a Pareto-
improving reform direction. Specifically, we show that the implicit welfare weights are negative
in parts of the income distribution if and only if the revenue function R violates the above
conditions for Pareto efficiency. We also show how the information on where negative implicit
weights arise can be used for the design of Pareto-improving reforms.

Related literature on the EITC. The EITC has motivated an optimal tax literature on the
desirability of earnings subsidies for the “working poor”, giving rise to negative marginal and
participation tax rates. Such negative tax rates can only be consistent with utilitarian welfare
maximization when there are labor supply responses both at the intensive and at the extensive
margin, see Saez (2002), Jacquet et al. (2013), and Hansen (2021).

We complement this literature by taking a tax reform perspective: We ask whether, start-
ing from the prevailing US tax system in the mid-1970s, the introduction of an EITC can be
rationalized as an efficiency-enhancing reform.” Note, moreover, that the introduction of the
EITC in 1975 did not bring effective tax rates below zero.' Our empirical analysis shows that
the US tax system was not well-designed, and that it was possible to introduce earnings subsi-
dies in a Pareto-improving way. This finding holds even without extensive-margin responses.
Bastian and Jones (2021) estimate the extent to which EITC expansions since the 1990s were
self-financing, taking account of a wide range of potential fiscal externalities associated with
the expansion of the EITC. While they focus on a different period and use a different approach,
their work is related to ours: Self-financing reforms are Pareto-improving.

Finally, our analysis draws on an empirical literature estimating the behavioral responses to
the EITC. Specifically, Bastian (2020) estimates the behavioral responses to the 1975 EITC
introduction, the reform that we focus on.!

SReferences include Blundell et al. (2009), Bargain et al. (2011), Bourguignon and Spadaro (2012), Lockwood and
Weinzierl (2016), Jacobs et al. (2017), or Hendren (2020). For the older literature on the inverse approach to indirect
taxation, see Christiansen and Jansen (1978) or Ahmad and Stern (1984).

"For a detailed discussion, see Bourguignon and Spadaro (2012).

8Choné and Laroque (2011) study optimal taxation with labor supply responses at the extensive margin only. For
a non-utilitarian assessment, see Saez and Stantcheva (2016).

°For earlier contributions to the analysis of tax reforms, see Feldstein (1976), Weymark (1981) and the review in
Guesnerie (1995). For more recent contributions, see Piketty (1997), Saez (2001), Golosov et al. (2014), or Jacquet
and Lehmann (2021).

ONegative effective tax rates were only implemented after subsequent expansions of the federal EITC and the
introduction of state EITCs in the 1990s and 2000s.

"Further references include Eissa and Liebman (1996), Meyer and Rosenbaum (2001), Moffitt (2003), Eissa and
Hoynes (2004), Blundell (2006), or Kleven (2021). For surveys, see Hotz and Scholz (2003), Nichols and Rothstein
(2015), and Hoynes (2019). For single mothers, early papers such as Meyer and Rosenbaum (2001) estimated large
participation elasticities (sometimes above 1), while Kleven (2021) finds much smaller ones.



Outline. Section 2 provides necessary and sufficient conditions for the existence of Pareto-
improving tax reforms. It also develops tools for an evaluation of tax reforms and for the char-
acterization of optimal reform directions. Section 3 presents our empirical analysis of the re-
form introducing the EITC in 1975. Formal proofs are relegated to Online Appendix A. Online
Appendices B and C provide results on the optimal direction for tax reform and an alterna-
tive characterization of sufficient conditions for Pareto efficiency, respectively. D contains a
description of the data and the benchmark calibration in our empirical analysis.

2. PARETO-IMPROVING TAX REFORMS

We first introduce a formal framework for the analysis of tax reforms. Section 2.2 then con-
tains two theorems that, respectively, give necessary and sufficient conditions for the existence
of Pareto-improving reform directions. The implications of this characterization for the inverse
tax problem are discussed in Section 2.3. Tools to determine whether a given tax reform has a
Pareto-improving direction are introduced in Section 2.4. This section also discusses the Pareto
improvement that is optimal in the sense of yielding the maximal “free lunch”.

2.1. The model

We consider an economy with a continuum of individuals. Individuals value consumption
c and generate earnings y. The generation of earnings comes with effort costs that depend
on a vector of individual characteristics § € © C R™. The cross-section distribution of 6 is
assumed to be atomless and represented by a cumulative distribution function F'. Preferences
are represented by the utility function v : R% x © — R. Thus, u(c,y,0) is the utility that a
type 6 individual derives from a bundle (c,y). The function w is continuously differentiable
and increasing in the first argument, with partial derivative denoted by w.. It is decreasing in
the second argument. We do not impose an assumption of continuity or differentiability in y so
as to allow for fixed costs in moving from zero earnings to strictly positive earnings.

We assume that a single-crossing condition holds in one dimension of the type space, ©;:
If type (0;,0_;) weakly prefers a bundle (c,y) to another bundle (¢’,y’) < (c,y), then type
(6%,0_;) with % > 6; strictly prefers (c,y) to (c’,y’). This assumption implies that the indi-
viduals’ earnings are increasing in 6;."

There is a status quo tax policy. It is represented by a parameter ¢y and a tax function Tp,
which jointly define the budget set Cy () = co +y — To(y) that individuals face. The parameter
Co 1s the intercept of this consumption schedule. It is the transfer to individuals with no earnings.
Without loss of generality, we let T,(0) = 0."3 We assume that T} is continuous. Otherwise, it
can be an arbitrary non-linear tax function, possibly with kinks. Before the reform, individuals
solve

I;lea;( U(Co(y)7y79> )
where ) = [0, 9] is a set of feasible earnings level.

A tax reform replaces Tj by a new tax function 7} so that T} = T, + 7 h. The scalar 7 is a
measure of the size of the tax reform and the function h gives the direction of the tax reform.

12This assumption ensures that the revenue implications of tax reforms are well-defined, see footnote 15.

13 In the literature, To (y) is often referred to as the participation tax; see, e.g., Kleven (2014). This reflects that
To(y) is the additional tax payment of a person with earnings of y, relative to a person with no earnings. Alternatively,
we could represent the status quo by a tax function T so that Ty (y) := —co + To(y) with the implication that
To(0) = —co. We find it more convenient to separate the transfer ¢y from the tax function.
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Again, h is assumed to be a continuous function with ~(0) = 0. For a given income y, the
change in the tax burden due to the reform is therefore given by 77 (y) — To(y) = 7 h(y). After
the reform, individuals solve
C 0 1

I;lea;;( U( 1(y)7y7 )7 ( )
where C(y) =c¢; +y — To(y) — 7 h(y), and ¢, is the intercept after the reform. We denote
the reform-induced change in tax revenue by R(7,h) and assume that it is absorbed by the
intercept so that

c1=cCy+ R(T, h) .

Thus, any change in tax revenue is redistributed in a lump-sum fashion.
The change in tax revenue R(7,h) is an endogenous object that depends on the behavioral
responses to taxation. To see how it is determined, let y* (e, 7, h, ) be the solution to (1), where

Ci(y)=cot+e+y—To(y) —7h(y),

and e is a source of income that is exogenous from the individual’s perspective. Also, let
yo(6) == y*(0,0, h, #) be a shorthand for income in the status quo.'* Then, R(, h) solves

R(Tv h) =E [Tl (y* (R(Tv h)7 7, h, 9)) - TO(yO(e))] ) (2

where the operator E indicates that we compute a population average using the distribution
F.IS

We denote by v(T, h,8) the indirect utility that a type 6 individual realizes after a tax reform
(7, h). We can use the analysis of “Envelope theorems for arbitrary choice sets” in Milgrom
and Segal (2002) to describe how individuals are affected by marginal changes of the reform
intensity 7. Specifically, fix some type 6. Then, by Corollary 4 in Milgrom and Segal (2002),

() = e 0) [Ro(r ) = By ()] ®

where the marginal consumption utility of type 6, u.(-, ), is evaluated at point (C,(y*(+)),
y*(+)), and R.(7,h) is the marginal effect of an increase in the reform intensity 7 on tax
revenue.'® More formally, it is the Gateaux differential of tax revenue in direction h.'” The

4There may be types for whom the utility-maximization problem in (1) has multiple solutions. The function y* is
then taken to select one of them. How this selection is done is inconsequential for the analysis that follows.

15 Brouwer’s fixed point theorem can be used to establish the existence of a solution to this fixed point equation,
in combination with conditions that ensure that E [T} (y* (e, 7, h,0))] is continuous in e. This continuity is not
immediate when the function y* may exhibit jumps due to extensive-margin responses or discontinuities in marginal
tax rates. With a single-crossing condition on preferences and an atomless type distribution, such jumps can be shown
to wash out in the aggregate and therefore do not upset the continuity of E [T7 (y* (e, T, h,0))] in e.

15For a type 0 such that the utility-maximization problem in (1) has multiple solutions, the right-hand derivative
of v is relevant for increases of 7 and the left-hand derivative is relevant for decreases of 7.

7QOur notation for Gateaux differentials is inspired by the one for partial derivatives. Conventions in mathematics
are different. To make this explicit, let tax revenue R be a real-valued functional of the tax function 7. Then, the
Gateaux differential of tax revenue in direction h is formally defined as

R(T+7h)— R(T)

T

OR(T,h) := lim
T—0

where the left-hand side is the “typical” notation in the literature. Our notation can now be more formally introduced
as R-(0,h):= d—dTR(Tg + Th)|r=0 = OR(Tb, h). In Online Appendix A, we lay down further assumptions which



envelope theorem covers cases in which the marginal tax rates (either in the status quo or after
the reform) exhibit discontinuous jumps. It also applies when there are fixed costs of labor
market participation, so that the utility function is, at y = 0, not continuous in y.

Equation (3) makes it possible to decompose the set of taxpayers into winners and losers of a
tax reform. For concreteness, fix a reform direction h and suppose that, starting from the status
quo policy, a small reform step has a positive impact on tax revenue, R, (0,h) > 0. A taxpayer
with type 6 benefits from the reform if and only if this revenue gain outweighs the additional
tax payment h(yo(0)).

Thus, a reform in direction h is Pareto-improving if

R,(0,h) — max h(y)>0, 4)

Yy€Y0(O)

where y,(©) is the image of the function y,. If (4) holds, then every taxpayer’s indirect utility
goes up if a small step in direction A is undertaken.
There is no Pareto-improving direction in a class of reforms H if, for all functions h € H,

R,(0,h) — max h(y)<0. %)

yEY*(O)

If (5) holds, then, for every direction h € H, some taxpayer’s indirect utility goes down if a
small step in direction h is undertaken.'®

The set H will be expanded as we go along. We first analyze classes of reforms with one
or two income brackets in which marginal tax rates are changed. We then extend the results to
tax reforms with finitely many brackets and, finally, cover the entire set of continuous reform
directions h.

Single-bracket reforms. A single-bracket reform is a pair (7, h®), where the function h® is
such that

0, ify<y,
h(y)=qv—0ifye@g+0),
l, ify>g++¢.
for some threshold value of income g, see Figure 1. Thus, a single-bracket reform is character-
ized by a triplet (7, ¢,7), where ¢ is the income level at which the bracket starts, ¢ is the length
of the bracket and 7 is the amount by which the marginal tax rate changes for incomes in the

bracket.
After a one-bracket reform, the new tax schedule is given by

To(y)7 R lfygga R
Ti(y) =To(y) +7h*(y) =< To(y) +7(y —9),ify € (9,9 + 1),

Hence, the reform increases tax liabilities for all earnings above ¢, with a maximum increase
of 7¢. The marginal tax rate changes by 7 for earnings in the bracket (3,9 + £). It does not

guarantee the linearity of the Gateaux differential in the direction h, a property that is used in the proofs of Theorems
1 and 2.

!8Reforms so that R, (0, h) — maxy ey, (o) h(y) = 0 require a more nuanced discussion, depending on whether,
given h, the indirect utility of taxpayers with yo(6) € argmax h(y) attains a local minimum or a local maximum at
7 = 0. In the following, we focus on conditions (4) and (5) to avoid such case distinctions.
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change for incomes above or below this bracket. Formally, the new schedule of marginal tax
rates equals

/ Tiy),  ify<j,
T/ (y) =To(y) +7h*"(y) = § To(y) + 7, ify € (3,9 +¢) ,
Ti(y), ify>g+¢.

4 h*(y)
N

g y+4L Y g g+ )
(a) Reform direction h°. (b) Tax functions Ty and T3 .

FIGURE 1.—Income tax reforms with one bracket.

We will trace the welfare implications of multi-bracket reforms back to the properties of
single-bracket reforms. It will prove convenient to have separate notation for the revenue impli-
cations of single-bracket reforms. For such reforms, we write R*(7, ¢, 3j) rather than R(7, h*®).
We write R: for the derivative of this function with respect to the first argument, and R?, for
the cross-derivative with respect to the first and the second argument. It follows from first-order
Taylor approximations that, for 7 and ¢ close to zero,

T g Rf—[ (07 07 y)

is a good approximation of R*(7,¢,y), i.e., of the reform’s revenue implications."

Thus, the cross-derivative R?, can be interpreted as a measure of how much revenue can be
raised by a small single-bracket reform. The function y — R?,(0,0,y) is a recurrent theme
in what follows. For a more concise notation, we will henceforth write R(y) rather than
R:,(0,0,y) and frequently refer to it as the revenue function y — R(y).

Two-bracket reforms. A two-bracket reform combines two single-bracket reforms. For-
mally, it is a pair (7, hy), where the subscript of h, signifies a reform involving two brackets.
The function h, is defined by

ho(y) =11 hi(y) + 72 h3(y) » (6)

YNote that R*(r,¢,y) ~ R*(0,4,y) + 7 R:(0,¢,y) = TR:(0,4,y) since R*(0,¢,y) = 0. Moreover,
TR (0,0, y) ~ T(Rj (0,0,y) + £ Riz(0,0,y)) =10 R2,(0,0,y) since R2(0,0,y) = 0.
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for
0, ify <y,
hi(y) =1 y—yi, ity € (yi,y1 +L4),
6617 lfyzyl‘FEfl
and

07 lfy§y2a
ho(y) = ¥ — Y2, if Y € (Y2, 92 + £ Lo)
6627 1fy2y2+€£2

Thus, a two-bracket reform links two single-bracket reforms in a particular way: marginal tax
rates change by 7 7; for incomes in the first bracket and by 7 7, for incomes in the second
bracket. The first bracket has a length of £ £, and the second bracket has a length of ¢ /5. The
new tax schedule satisfies

Ti(y) = To(y) + 7 ha(y),

and the new schedule of marginal tax rates equals

Ty(y) =Ty (y) + 7 hy(y),

where
T, fory € (y1,yn +041),
h/2<y): 727f0r96(92,92 +€€2)7
0, fory <wr,y€yr +001,y2] ,y>ya+LLs.
h T
00, {4y
0 -—L/— ha(y)
Y1 Y2 Y n Y2 Y
(a) Reform direction ho. (b) Tax functions Tj and 73 .

FIGURE 2.—A two-bracket tax cut.

In what follows, two-bracket reforms with 7, < 0, 75 > 0 and 7, ¢; 4+ 75¢5 = 0 are of particular
interest. We refer to them as two-bracket tax cuts. This terminology reflects that these reforms
do not increase anyone’s tax burden and that all people with an income between the endpoints
of the two brackets get a tax cut. Moreover, they involve a phase-in range where marginal taxes
are reduced, and a subsequent phase-out range where marginal taxes are increased, see Figure
2.
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Our construction of two-bracket reforms facilitates an analysis of the limit case 7 — 0 and
¢ — 0, see Figure 3 for the case of a small two-bracket tax cut. As 7 goes to zero, the ratio of

the marginal tax rate changes is kept constant at 7, /7. Analogously, both brackets shrink when
¢ is send to zero, while the ratio of their lengths is kept constant at ¢ /5.

T1(y) — To(y)

7 ha(y)

FIGURE 3.—A small two-bracket tax cut.

Reforms with finitely many brackets. We extend the construction of two-bracket reforms to
reforms with a finite number of brackets in the natural way: A reform (7, h,,,) with m brackets
is given by a collection of m single-bracket reforms such that h,,, (y) := >/, 7 hj(y), where

07 lfygykv

The reform-induced tax schedule is then given by Ty =T, + 7 h,,,.

2.2. On the existence of Pareto-improving reforms

Under what conditions is it possible to make everyone better off by increasing or lowering
the marginal tax rates in a finite number of income brackets? Theorems 1 and 2 provide answers
to this question.

THEOREM 1: If Ty is a Pareto-efficient tax system, then the function y — R(y) is bounded
from below by 0, bounded from above by 1, and non-increasing.

Theorem 1 states necessary conditions for the Pareto efficiency of a tax system. The first
condition is that R(y) > 0 for all y. Hence, a one-bracket reform involving an increase of
marginal tax rates must not lead to a loss of tax revenue. If the condition was violated, it
would be possible to raise revenue by means of a tax cut, and such a reform would be Pareto-
improving. The logic is familiar from analyses of the Laffer curve. The second condition is that
R(y) <1 for all y. It is a mirror image of the first condition. If it was violated, it would be
possible to raise so much revenue by increasing marginal tax rates that even those who suffer
most from the tax increase would be compensated. If Tj is a Pareto-efficient tax system, there
must be no scope for such a Pareto improvement.

The following proposition clarifies what reform options exist when the function y — R(y)
is increasing over some range.
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PROPOSITION 1: If there are two income levels y, and y, >y, such that R(y2) > R(y1),
then there exists a Pareto-improving two-bracket tax cut.

In light of Proposition 1, Theorem 1 provides a characterization of two necessary conditions
for Pareto efficiency: First, there must not be a Pareto improvement in the class of one-bracket
reforms. Second, there must not be a Pareto improvement in the class of two-bracket tax cuts.
As we show formally in the proof of Proposition 1, if y — R(y) is increasing, a two-bracket
tax cut between incomes y; and ¥y, is self-financing: The revenue loss due to a reduction of
marginal tax rates in the first bracket is more than offset by the revenue gain from the increase
of marginal tax rates in the second bracket. Thus, the condition that y — R(y) must be non-
increasing is an analogue to the condition R(y) > 0 for all y. The latter rules out self-financing
tax cuts for one-bracket reforms. The former does so for two-bracket reforms.

Theorem 1 and Proposition 1 show that there may exist Pareto-improving two-bracket re-
forms, even when no Pareto-improving one-bracket reform can be found. Given this finding,
one might conjecture that there is no hope to obtain a concise characterization of Pareto-
efficient tax systems: Even if one found a condition ruling out Pareto-improving two-bracket
reforms, there would still be the possibility of a Pareto-improving three-bracket reform. If one
had eliminated those, one would still have to deal with four-bracket reforms, and so on. Theo-
rem 2 shows that this is not the case: Ruling out Pareto-improving one- and two-bracket reforms
is sufficient for Pareto efficiency.

THEOREM 2: [f the function y — R(y) is bounded from below by 0, bounded from above by
1, and non-increasing, then there is no Pareto-improving direction in the class of reforms with
finitely many brackets.

According to Theorem 2, when there is no Pareto-improving direction in the sets of one-
bracket or two-bracket reforms, then there is no Pareto-improving direction in the overall class
of reforms where tax rates change in finitely many brackets. Put differently, a tax system that
can be Pareto-improved by a tax reform that affects three or more brackets, can also be Pareto-
improved by a tax reform that affects at most two brackets.

For an intuitive understanding of Theorem 2, consider the following problem: Try to find a
tax reform that makes people with incomes in some arbitrary bracket ranging from an income
level y, to some income level y, better off, without making any one else worse off. Since
revenue is rebated lump sum, the reform must not yield a loss of overall tax revenue. Otherwise,
people with zero incomes would be worse off.

Assume that there is no Pareto-improving reform with a single bracket, i.e., the revenue
function is bounded from below by zero and from above by one. In this case, reforms that
involve only tax rate cuts yield a revenue loss, so they cannot be Pareto-improving. Likewise,
reforms that only involve tax rate increases neither fit the bill: They necessarily harm taxpayers
further up in the income distribution. Thus, the only chance to make people with incomes
between y; and g, better off, without making anyone else worse off, is to combine tax rate
increases in some parts of the income distribution with tax rate reductions in other parts of the
income distribution.

One candidate is a two-bracket tax cut that lowers marginal tax rates for incomes close to
y1 and increases them close to ¥, so as to reduce the tax burden just for people with incomes
between y; and y,. When g is close to y;, a graph of the change in marginal tax rates looks
like a sawtooth, see Figure 2a on page 15. If R is decreasing, this reform comes with an overall
revenue loss, violating again the constraint that no one must be made worse off. Reducing the
tax burdens in further intervals — i.e., adding further sawteeth — will only aggravate the overall
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revenue loss. Therefore, if the function y — R(y) is bounded from below by 0, bounded from
above by 1, and non-increasing, then there is nothing one can do to make everyone better
off. The formal proof of Theorem 2 in Online Appendix A is a generalization of this logic. It
covers all combinations of tax rate increases and cuts that are logically conceivable with any
given number m of brackets.

Continuous reform directions. So far, our results were restricted to the class of tax reforms
with finitely many brackets, thereby excluding, e.g., continuously differentiable reform direc-
tions. The following corollary extends Theorem 2 to cover the entire class of continuous reform
directions. It exploits that any continuous function & : ) — R can be approximated arbitrarily
well by an m-bracket reform with m sufficiently large.

COROLLARY 1: If y — R(y) is bounded from below by 0, bounded from above by 1, and

non-increasing, then there is no Pareto-improving direction in the class of continuous functions
h:Y—R

Thus, any tax system that can be Pareto-improved by a continuous reform, can also be Pareto-
improved by a tax reform that affects at most two brackets.

An alternative characterization. As we discuss in Online Appendix C, when earnings are
bounded away from zero and bounded from above, it is possible to obtain a more parsimonious
characterization of sufficient conditions for Pareto efficiency: The monotonicity condition on
y — R(y) is then sufficient for the non-existence of Pareto-improving reform directions.” That
said, for our application of interest, the introduction of the EITC, incentives for labor market
participation play a key role. In this context, an assumption that everybody has strictly positive
earnings would not be appropriate.

Tagging. Our analysis can be extended to allow for tagging.?! Suppose that the population
can be divided into separate groups and that it is publicly observable to which group a person
belongs. The tax-transfer system may then treat individuals who belong to different groups
differently. For instance, transfers and earnings subsidies for lone mothers may be larger than
those for childless individuals. The above analysis of Pareto-efficient tax reforms can then be
applied separately for each group. This implies, in particular, that revenue changes due to a tax
reform that affects one group are rebated lump sum in this group.”

2.3. On the relation to the inverse tax problem

The literature on the “inverse tax problem” looks at observed tax policies using a revealed-
preferences logic.?® Specifically, it solves for “implicit welfare weights”, the weights for which
an observed tax system satisfies the first-order conditions of an optimal tax problem. The fol-
lowing proposition clarifies the relation between an analysis of Pareto-improving tax reforms
based on the revenue function and a welfare analysis that identifies implicit welfare weights.

20We are grateful to an anonymous referee for pointing to this possibility.

2I'The seminal reference is Akerlof (1978). For a review, see Piketty and Saez (2013).

22This is without loss of generality. Redistributing the revenue gains from a self-financing tax reform among
various groups can only make it more difficult to realize a Pareto improvement. Then, there are less resources that
can be used to compensate those adversely affected by the tax reform.

2See, e.g., Blundell et al. (2009), Bargain et al. (2011), Bourguignon and Spadaro (2012), Lockwood and
Weinzierl (2016), Jacobs et al. (2017), or Hendren (2020).
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The proposition refers to the function g : y — g(y) of implicit welfare weights. In Online Ap-
pendix A, we state the inverse tax problem explicitly and provide a formal definition of the
function y — g(y), see Equation (A.12).

PROPOSITION 2: The following statements are equivalent:

A. The revenue function y — R(y) is bounded from below by 0, bounded from above by 1,
and non-increasing for all y € Y.

B. The function specifying the implicit welfare weights y — g(y) is, almost everywhere,
bounded from below by zero.

C. There is no Pareto-improving direction in the set of continuous functions h : ) — R.

Proposition 2 establishes that positive implicit welfare weights at all income levels are both
necessary and sufficient for the non-existence of a Pareto-improving reform direction (B < C).
The previous literature has already argued that negative implicit weights indicate an inefficiency
in the observed tax system, see Saez (2001) and Jacobs et al. (2017). Put differently, it has been
anticipated that positive weights are necessary for Pareto efficiency (C' = B). By contrast, it
has not been anticipated that positive weights imply Pareto-efficiciency (B = C'). A direct
proof of this statement faces the difficulty that, for a generic optimal tax problem with its
incentive and resource constraints, it cannot be taken for granted that a tax system satisfying
first-order conditions is actually a welfare maximum.>*

Our proof of Proposition 2 builds on Theorem 1 and Corollary 1, by which our conditions
on the revenue function are both necessary and sufficient for the non-existence of Pareto-
improving reform directions (A < C'). We then proceed to show that implicit welfare weights
are positive if and only if the revenue function is bounded from above and below, and non-
increasing (A < B). This implies the equivalence of B and C.

Our proof that A < B is instructive. It shows how negative weights map into Pareto-
improving reforms and vice versa. Specifically, if R(y) < 0 so that there is a Pareto-improving
one-bracket tax cut for incomes close to y, then the implicit weights of people with incomes
above y are, on average, negative. The converse implication also holds: If people richer than
y have, on average, negative weights, then lowering marginal tax rates for incomes close to
y is Pareto-improving. Analogously, we show that negative weights for incomes below y are
equivalent to R(y) > 1 so that there is a Pareto-improving reform that increases marginal tax
rates close to y. Finally, there is an equivalence between R being increasing on some income
range, indicating that there is a Pareto improving two-bracket tax cut, and the average weight
over this income range being negative.

The proof uses that the Gateaux differential of welfare in any reform direction h can be
written as a functional of both the welfare weights y — ¢(y) and the revenue function y +—
R(y), see Equation (A.12) in Online Appendix A. For a welfare-maximum, it needs to be the
case that this Gateaux differential is zero, for any direction h. Hence, this first-order condition
implies a relationship between the revenue function and the implicit welfare weights that we
exploit in the proof.

2.4. Evaluating tax reforms

Subsequently, we will use our approach to study the introduction of the EITC in the 1970s.
We will find that there were indeed inefficiencies in the tax-transfer system prevailing at

24See Appendices A and D in Bourguignon and Spadaro (2012) for a set of restrictions that ensure the consistency
of the inverse tax problem. Note that Proposition 2 holds even if these restrictions are violated. It only requires that
the revenue function exists.
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the time. Such a finding raises further questions: Did the 1975 EITC reform have a Pareto-
improving direction? Relatedly, did the reform make the pre-existing inefficiency smaller?
These questions require tools for an evaluation of tax reforms. We introduce them in this sub-
section. Proposition 3 below clarifies how one can check whether some given tax reform has
a Pareto-improving direction. Further below, we introduce a money-metric measure of how
inefficient a tax system is. This measure can be used to substantiate a statement such as “the
inefficiency in the tax-transfer system for childless singles is small in comparison to the ineffi-
ciency prevailing in the one for single parents.”

Is a given reform direction Pareto-improving? Recall that a small reform in direction A is
Pareto-improving if
R.(0,h) > max h(y),
(0,h)> max h(y)
see inequality (4). It is not Pareto-improving if this condition is violated with a strict inequality,
R.(0,h) < maxyey, o) h(y), see (5). The following proposition provides a characterization of
R,(0,h) in terms of the revenue function R.

PROPOSITION 3: The Gateaux differential of tax revenue in direction h is given by
RA0.0) = [ W) RG)dy. )
y

By Equation (7), the Gateaux differential R,(0,h) is a weighted average of the revenue
implications of one-bracket reforms, with the weights given by the function y — h'(y). To
interpret this function, note that a reform with direction A and step size 7 changes the marginal
tax rate at income y by 7h'(y); hence, h'(y) is the change in marginal tax rates per unit change
of 7. Thus, with the function y — R(y) at hand, one can, for any continuous direction A,
compute R, (0,h) using Proposition 3, and then use inequalities (4) and (5) to check whether
or not it is Pareto-improving.

Measuring the size of inefficiencies. When a tax system (T, cy) is not Pareto-efficient,
there is a set of Pareto-improving reform directions. Is there a way to judge whether one of
these reform directions is better than another one? One possibility is to order reform directions
according to R, (0,h) — max,c (o) h(y), the revenue gain in excess of what is needed to com-
pensate the agents facing the largest tax increase.” We interpret this quantity as the free lunch
that becomes available for everybody after a small reform in a Pareto-improving direction h.
While some taxpayers may benefit more, no one gains less than R, (0, h) — max,ec,(e) h(y).”

With this measure, the best reform direction maximizes

/ B )Ry — max /0 "1 (2)dz

0 Yy€Yo(O)

over the set of continuous functions & : J — R. For each income level y, this problem is linear
in A/(y), the reform-induced change in the marginal tax rate at income y. So, to ensure the

ZRecall that, by construction, the revenue gain R (0, h) is distributed to the agents in a lump-sum fashion.

26 An alternative would be to evaluate Pareto-improvements according to their gross revenue implication R (0, h).
Since R~ (0, h) is the additional transfer to people with no income, this is equivalent to an evaluation according to
a Rawlsian social welfare function. A related approach is taken in Werning (2007) who proposes to measure the
inefficiency of a tax system by the additional tax revenue that can be realized without making anyone worse off.
Werning, however, does not specify how this tax revenue would be used.
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existence of a solution, we impose the constraint that the changes in marginal tax rates are
bounded in absolute value, |2’ (y)| < a for each y € ). Henceforth, h* denotes the solution to
this problem and we refer to it as the optimal reform direction.

Proposition B.1 in Online Appendix B characterizes the optimal reform of a tax system that
is inefficient because the revenue function y — R (y) is increasing between two income levels
Y, and y,. This is the relevant scenario in the context of our application. As we show, the reform
direction h* is then a two-bracket tax cut that affects marginal tax rates over a uniquely defined
income range (y,,y;).”” In particular, h* involves a reduction of marginal tax rates in a phase-in
range going from the starting point y, to the midpoint (y, + y;)/2 of the interval. Tax rates are
increased in a phase-out range of the same length, going from the midpoint to the endpoint ;.
The impact of the optimal reform on the size of the free lunch can be written as

vt L (ys+ue)
al(Ty,co)=a V R(y)dy—/ R(y)dy] : (®)

(ys+yt) Ys

It equals the difference between the gain of tax revenue in the phase-out range and the loss of tax
revenue in the phase-in range. Note that the term denoted by (7}, co) does not depend on the
parameter a that bounds the change in marginal tax rates. Hence, I(Ty, ¢) is a scale-invariant
measure of how inefficient the tax system is. Thus, we can say that tax system (74, c4 ) is more
inefficient than tax system (T'z,cp) if I(Ta,ca) > I(Tg,cp).

Formally, I(Ty,cy) is the Gateaux differential of the free lunch measure R, (0,h) —
max, e, o) M(y) in direction ~*. In the subsequent section, we will use this observation to give a
sense of how big the free lunch could have become for small discrete tax reforms. Specifically,
we will make use of the first-order Taylor approximation®

R(t,hg) — max 7Thr(y)~1al(Ty,co) , 9)
YE€Y0(O)

and choose the parameters 7 and @ such that 7 @ = 0.01. Thereby, we can approximate the
revenue potential of tax reforms that change the marginal tax rates by at most one percentage
point.

2.5. Sufficient statistics for function R: Examples

All previous results are expressed using the function y — R(y). Thus, given an empirical
estimate of this function, our approach allows to check whether an observed tax system of
interest is Pareto-efficient. Different models of taxation give rise to different versions of the
function y — R(y). The concrete specification will depend on the application of interest and
on a choice of what model to use for this application. We illustrate this with two examples.

1
First, consider the model of Diamond (1998) with u(c,y,0) = ¢ — 1il (%)He’ where
0 € © C R, is a measure of productivity and the parameter ¢ pins down the labor supply

elasticity at the intensive margin. For this model, the revenue function is given by

R(5) =1~ Fy(0) = () (0) 240 (10)

Y Specifically, the starting point ys and the endpoint y; are pinned down by the condition that R(ys) =
R (ysgyt ) — R(yt).
ZHigher-order Taylor approximations would involve higher-order Gateaux differentials.
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where F, is the cdf of the earnings distribution, f, is the corresponding pdf, and &¢ : y — €0(y)
is a function that gives, for each level of y, the intensive-margin elasticity of earnings with
respect to the retention rate 1 — T} (y).

Second, the literature on the desirability of earnings subsidies for the “working poor” sug-
gests the use of a framework with taxpayers who differ both in the variable costs of productive
effort and in the fixed costs of labor market participation.? For this framework, a version of the
revenue function has first been derived by Jacquet et al. (2013); it also appears in Lorenz and
Sachs (2016). For ease of exposition, we focus here on the case of quasi-linear preferences and
iso-elastic effort costs. This is also the specification that we will use in our benchmark analysis
of the EITC in the subsequent section. Hence, suppose that

1 gyt
U(Q%“ﬁ) =C— 71 (7) - ]ly>0 )

where w and y are, respectively, interpreted as a taxpayer’s variable and fixed cost types. Thus,
an individual’s type 6 is now taken to be a pair § = (w,~) and © = Q x T". Then, the revenue
function is given by
T3 (y) > To(y')
Rw)=1-F) =) v L) 00— [ @) mly) 2y an
! STy S, y' —To(y')

where m,(y) is an extensive-margin (participation) elasticity. It measures the percentage of
individuals with an income of y who leave the labor market when their after-tax income y —
To(y) is decreased by one percent. In Bierbrauer et al. (2022), we also derive function y
R(y) for a more general framework (see Proposition E.1).*

3. EMPIRICAL APPLICATION: THE INTRODUCTION OF THE EITC

We now apply our insights on Pareto-improving tax reforms to study the 1975 introduction
of the EITC and its subsequent expansion. After describing the 1975 EITC reform, we first use
Theorem 1 in combination with the sufficient-statistics formula (11) to show that the US tax-
transfer system was not Pareto-efficient prior to the introduction of the EITC. We then apply
Proposition 3 to check whether the direction of the 1975 EITC reform was Pareto-improving,
and compare it to the reform that would have maximized the “free lunch” for single parents at
the time.

3.1. Background on the EITC

The introduction of the EITC in 1975 was a response to a “poverty trap”. In the 1960s, new
welfare programs had been introduced as part of President Johnson’s “war on poverty”. On the
one hand, the new programs provided more generous benefits to low-income households with
children, especially to single mothers. On the other hand, these benefits were phased out in

a way that implied high effective marginal tax rates for many single parents, often exceeding

2 A similar framework is also used in the literature on optimal pension and retirement policies, see, e.g., Golosov
et al. (2013), Michau (2014), and Shourideh and Troshkin (2017).

30This derivation is of stand-alone-interest in that it is based on a general specification of preferences, allowing for
income effects at both margins, monetary or psychic fixed costs of labor market participation, and complementarities
between consumption and leisure.
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70% (see Figure 4 below). In the following decade, the share of welfare recipients increased
substantially. By the early 1970s, finding ways out of the “poverty trap” by an increase of work
incentives was considered a pressing concern.*!

The US Congress enacted the EITC for the year 1975.% As described in Bastian (2020), this
reform was a substantial policy change that affected a large share of the population.® Initially,
the program was restricted to working taxpayers with dependent children. It was set up as a
refundable tax credit that was phased in at a marginal rate of 10% for taxpayers with less than
4,000 USD earned income per year, giving a maximum credit of 400 USD. The credit was
then phased out at a marginal rate of 10% for earned incomes between 4,000 and 8,000 USD.
Taxpayers with incomes above 8,000 USD were not eligible. Over the following decades, there
were several expansions.**

3.2. Calibration

We focus on two subgroups of the population, single parents and childless singles. In 1975,
the EITC was introduced for the former, but not for the latter. Our analysis below will rational-
ize this policy choice: We will show that there was clearly scope for a Pareto-improving reform
of the tax-transfer system for single parents, whereas no equally strong case can be made for
childless singles. Our benchmark analysis is based on the formula for y — R(y) in Equation
an.

We use data on the most important elements of the US tax-transfer system for the tax year
1974 and later. Specifically, we take account of the federal income tax and the two largest
welfare programs, Aid for Families with Dependent Children (AFDC) and Supplementary Nu-
trition Assistance Programs (SNAP, also known as Food Stamps).*> Some parameters of AFDC
varied across states, so that a unified treatment for the US at large is not possible. Our bench-
mark analysis therefore focuses on California, the state with the largest population both in the
1970s and today.*® Moreover, taxes and welfare transfers differed with respect to the number
of children. In the benchmark analysis, we focus on the subgroup of single parents with two
children.”’

Figure 4 shows effective marginal tax rates, y — T}(y), and participation tax rates, y —
TOT(y), for single parents (left panel) and for childless singles (right panel) before the reform in

31Detailed reviews of the debates at the time can be found in Ventry (2000), Moffitt (2003), or Nichols and Roth-
stein (2015).

32While the program was initially introduced as a temporary policy under the name Earned Income Credit, it was
soon made permanent and relabeled to its current name Earned Income Tax Credit.

33 According to CPS data, 51.3% of single parents in the US had earned incomes in the EITC range (i.e., strictly
positive and below 8, 000 USD), and another 30.9% had no earned incomes. Similar figures applied at the state level,
e.g., 52.2% of single parents with earned income in the EITC range and 25.8% with zero incomes in California.

3*For example, the eligibility thresholds were strongly increased in several steps, the first taking place in 1979.
More generous credits were introduced for parents with two or more children in 1991, and for parents with three or
more children in 2009. In 1994, US authorities also enacted a more modest EITC for childless workers. See Hoynes
(2019) for a review.

35See Table D.2 in Online Appendix D for details and sources.

3In Bierbrauer et al. (2022), we also present results for the four largest US states next to California: New York,
Texas, Pennsylvania, and Illinois.

3"In our data, the median number of children in single-parent households was two, while the arithmetic mean was
2.2. As we show in Bierbrauer et al. (2022), an analysis for single parents with less or more children yields similar
conclusions.
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1974.3% At low incomes, both marginal tax rates and participation tax rates were much higher
for single parents than for childless singles. The reason is that, for single parents, the phasing-
out of AFDC and SNAP transfers implied an income range with exceptionally high marginal
tax rates well above 70% and participation tax rates above 60%. This was not the case for
childless singles. The dotted vertical lines in both panels of Figure 4 indicate the income range
that was affected by the introduction of the EITC in 1975: It reduced marginal taxes by 10
percentage points in the phase-in range between 0 and 4,000 USD (first dotted line) and raised
them by 10 percentage points in the phase-out range between 4,000 and 8,000 USD (second
dotted line).*

1 1
0.8 | 0.8 |
0.6 | 0.6 |

0.4

0.2 1 , .
o) To(y)/y
4,000 8,000 12,000 16,000 4,000 8,000 12,000 16,000
Earned income y [USD] Earned income y [USD]
(a) Single parents. (b) Childless singles.

FIGURE 4.—1974 US tax-transfer schedules, single parents and childless singles.

Notes: Figure 4 shows the 1974 effective marginal tax T (y) (solid lines) and participation tax rate
To(y)/y (dashed lines) for single parents (left panel) and for childless singles (right panel) as functions
of earned income in 1974 USD. The introduction of the EITC in 1975 decreased marginal taxes between
0 and 4,000 USD (first dotted vertical line) and increased them between 4, 000 and 8,000 USD (second
dotted vertical line).

Source: Authors’ calculations (see Online Appendix D for details).

We estimate the 1974 income distributions in both subgroups based on data from the March
1975 Current Population Survey (CPS), see Flood et al. (2021). For our benchmark scenario,
we consider the sample of non-married individuals aged 25 to 60 who do neither co-habit
with an unmarried spouse nor with another adult family member. We partition this sample into
childless singles and single parents. In line with the EITC rules, we consider as earned income
the sum of wage income and self-employment income. Single parents with strictly positive
earned incomes below 8,000 USD were eligible for the EITC. For our benchmark analysis,
we estimate the income distributions for both groups using a non-parametric kernel density
estimation.

38Recall that we define To (y) to capture the participation tax at income ¥, i.e., the tax payment at income y relative
to the tax payment at zero income. In the literature, the ratio Ty (y)/y is commonly referred to as the participation
tax rate, see, e.g., Kleven (2014).

3Tn Appendix D.4 of Bierbrauer et al. (2022), we provide more detailed information on how effective marginal
changed from 1974 to 1975.
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We draw on a rich literature providing empirical estimates of labor supply elasticities. Our
benchmark analysis for childless singles is based on the elasticities suggested by Chetty et al.
(2013): a participation elasticity that equals 0.25 on average, and an intensive-margin elasticity
of 0.33. For single parents, we use an average participation elasticity of 0.58, as estimated by
Bastian (2020) based on the 1975 EITC reform. For the intensive margin, we also use an elastic-
ity of 0.33. For both groups, we assume, in line with the empirical evidence, that participation
elasticities decline with income (see Online Appendix D for details).

3.3. Empirical results

In the following, we present our benchmark calibrations of the revenue functions y — R, (y)
and y — R.,(y) for single parents and childless singles, respectively. We then use these func-
tions to investigate, first, whether the US tax-transfer system was Pareto-efficient prior to the
EITC introduction and, second, whether the 1975 EITC introduction for single parents was a
reform in a Pareto-improving direction. Third, we characterize the tax reform direction h* that
would have maximized the “free lunch”, i.e., the tax revenue in excess of what was needed to
make sure that no one was made worse off.

Was the 1974 US tax-transfer system Pareto-efficient? Figure 5 plots the revenue functions
y— Rp(y) and y — R.s(y) for our benchmark calibration of the 1974 US tax system. Specif-
ically, the solid line depicts the revenue function R, (y) for single parents, while the dashed
line depicts the revenue function R, (y) for childless singles.

For single parents, the function R, does not satisfy the necessary conditions for Pareto
efficiency in Theorem 1. First, it attains negative values for incomes between approximately
1,500 and 5,400 USD. This implies that one-bracket tax cuts in this income range would
have been self-financing and Pareto-improving. Second, R, is increasing in the income range
between 5,000 and 6,000 USD, thereby violating the monotonicity condition. Hence, there
was room for Pareto-improving two-bracket tax cuts, resembling the EITC.

For childless singles, the revenue function R, is throughout between 0 and 1, so that there
was no scope for a Pareto-improving reform involving only a single bracket. By contrast, the
monotonicity condition is violated as the dashed line is slightly increasing in the ranges between
2,000 and 2,500 USD and between 8,500 and 9,000 USD, respectively. Again, this indicates
the possibility of Pareto-improving two-bracket reforms. That said, the visual impression is
that the scope for such a Pareto improvement was more limited for childless singles than for
single parents. Below, we confirm this conjecture using the inefficiency measure introduced in
Subsection 2.4.

Sensitivity analysis. The finding that it was possible to realize a Pareto improvement by
means of a two-bracket tax cut for single parents is robust in various dimensions. For instance,
Figure 6 explores alternative assumptions about behavioral responses at the extensive margin:
It shows the revenue function y — R, (y) for our benchmark calibration with an average par-
ticipation elasticity of 0.58 (solid line), for a case with a larger participation elasticity of 0.9
(dashed line), and for the limit case with a participation elasticity of zero (dash-dotted line). The
figure suggests that the scope for Pareto-improving reforms is larger, the more strongly labor
supply responds at the extensive margin. But even with a participation elasticity of zero, such
a reform would have been Pareto-improving. This observation is interesting in the light of the
discussion about the EITC from an optimal tax perspective, where positive extensive-margin
elasticities are often found to be necessary for the desirability of an EITC, see, e.g., Saez (2002)
or Hansen (2021). As we show here, with a tax reform perspective applied to the tax-transfer
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FIGURE 5.—Revenue functions of the 1974 US tax-transfer system.

Notes: Figure 5 shows the revenue functions for single parents y — R, (y) (solid) and childless singles
y — Res(y) (dashed) in 1974 as functions of earned income for our benchmark calibration: intensive-
margin elasticities of 0.33 for both groups, average participation elasticities of 0.58 for single parents and
0.25 for childless singles. The vertical dotted lines mark the endpoints of the phase-in range at 4,000
USD and the phase-out range at 8,000 USD of the 1974 EITC.

Source: Authors’ calculations (see Online Appendix D for details).

system as of 1974, the introduction of the EITC can be rationalized even when there are no
behavioral responses at the extensive margin.

In Bierbrauer et al. (2022), we provide further robustness checks with respect to all ingredi-
ents of the sufficient-statistics formula (11) for the revenue function: labor supply responses,
income distributions, and tax-transfer rates, see Appendices D.2 and D.3. For example, we con-
sider several alternative assumptions about intensive-margin elasticities and income effects. We
also estimate the income distributions using different sample restrictions and other data sets.
Finally, we consider a number of alternative representations of the tax-transfer system, e.g.,
including wealth tests or payroll taxes, focusing on single parents with one or three children, or
using the transfer schedules from other US states. We find that, by and large, our main results
remain valid across all these robustness checks.
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FIGURE 6.—Revenue function of the 1974 US tax-transfer system for single parents, different participation elas-
ticities.
Notes: Figure 6 shows the revenue function R, for single parents in 1974, assuming an average partici-
pation elasticity of 0.58 (solid line, benchmark), a higher participation elasticity of 0.9 (dashed line) and
a case without extensive-margin responses (dash-dotted line). The intensive-margin elasticity is held at
the benchmark level of 0.33. The dotted vertical lines mark the endpoints of the phase-in range at 4,000
USD and the phase-out range at 8,000 USD of the 1975 EITC.
Source: Authors’ calculations (see Online Appendix D for details).

Was the 1975 EITC reform Pareto-improving? Figure 5 shows that it was possible to Pareto-
improve the US tax-transfer system by a two-bracket tax cut, i.e., by a reform with the same
qualitative properties as the introduction of the EITC. A separate question is whether the EITC
reform that actually took place in 1975 went into a Pareto-improving direction. To answer this
question, we make use of the formula in Proposition 3, which combines an estimate of the
revenue effects of single-bracket reforms with information on the direction of the 1975 EITC
reform, referred to as hrs below. Specifically, the 1975 EITC reform reduced marginal taxes
at all incomes below 4,000 USD by 10 percentage points, and increased marginal taxes at
all incomes between 4,000 and 8,000 USD by the same magnitude. It did not increase tax
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liabilities at any income level. This reform had a Pareto-improving direction if the condition

8,000

4,000
R7—<0)h75) = _/ Rsp<y)dy + / Rsp(y>dy > 0 (12)
0 4

,000

is satisfied. Whether this inequality holds depends on the details of the calibration. For our
benchmark scenario with an intensive-margin elasticity of 0.33 and an average participation
elasticity of 0.58, the reform was not Pareto-improving. For a participation elasticity above
0.84, by contrast, it was Pareto-improving.*

The optimal reform. What would have been the reform maximizing the “free lunch” in
1975 and how does it relate to the reform that was actually adopted? We find that, under our
benchmark calibration, the former was a two-bracket tax cut that would have reduced marginal
tax rates between 1, 246 and 5, 748 USD, and increased them between 5, 748 and 10, 250 USD.
Thus, the optimal reform would have been a version of the EITC that involved a wider range of
incomes, and also higher incomes than the actual 1975 EITC. Figure 7 illustrates this reform
and its revenue implications graphically. With the revenue gain from this reform, it would
have been possible to pay an additional lump-sum transfer of 12.6 USD (in 1975 values) per
percentage-point change in marginal taxes to each single parent (corresponding to 71 USD in
2021).

For childless singles, the corresponding number is much smaller, namely about 1 cent per
percentage-point change in marginal taxes. This confirms the conjecture above that the ineffi-
ciency in the tax-transfer system for childless singles was orders of magnitude smaller than the
one for single parents.

Did subsequent reforms improve the EITC?  Since its introduction, the EITC was repeatedly
reformed and expanded in two major ways. First, the range of eligible incomes was enlarged in
several steps, starting with the 1979 reform. Second, benefits were made dependent on family
size, with larger benefits for families with more children introduced in 1991 and 2009. Did
these reforms improve the design of the EITC or, put differently, was there progress in US tax
policy for people with low incomes? Our approach to study Pareto-improving tax reforms can
also be used to answer these questions. The following paragraphs summarize our findings; a
more detailed analysis can be found in Appendix D.4 of Bierbrauer et al. (2022).

First, we study the efficiency of the US tax-transfer system between the EITC introduction in
1975 and the first EITC expansion in 1979. As of 1974, the optimal reform would have reduced
marginal taxes between 1,246 and 5,748 USD. The 1975 EITC only reduced marginal taxes
below 4,000 USD, however, and increased them between 4, 000 and 8,000 USD. Thus, the ac-
tual reform aggravated inefficiencies at the bottom of the phase-out range. Correspondingly, the
1975 US tax-transfer system did not become Pareto-efficient, and there was further scope for
Pareto-improving reforms at higher incomes. In 1979, the US government indeed extended the
EITC to higher income levels — by means of a two-bracket tax cut affecting incomes between
4,000 and 10,000 USD. We find that the 1979 EITC reform actually had a Pareto-improving
direction. This result is robust to alternative assumptions on labor supply elasticities. Thus,
while the initial version of the EITC was suboptimal, its design was improved subsequently.

Second, we look into the desirability of making the EITC provisions dependent on the num-
ber of children. We find that, in 1975, the introduction of a hypothetical EITC schedule would

40Some earlier studies indeed estimated participation elasticities in this range, see, e.g., Meyer and Rosenbaum
(2001).
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have been Pareto-improving for each subgroup of single parents. The length and location of
the optimal phase-in and phase-out ranges differed substantially, however, with wider income
ranges for single parents with more children.*’ Moreover, the size of the available free lunches
was increasing in the number of children. Taken together, these results indicate, first, that the
inefficiencies in the tax systems for larger families were more severe and, second, that the in-
troduction of differentiated EITC schedules would have allowed to realized larger efficiency
gains. The 1975 EITC did not condition on the number of children, by contrast. More than a
decade later, the US government improved the design of the EITC in this dimension, introduc-
ing more generous tax credits for families with two and more children in 1991, and for families
with three and more children in 20009.

4'We also find that the historical 1975 EITC reform would have been Pareto-improving if applied to the subgroup
of single parents with one child only.
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FIGURE 7.—The optimal Pareto-improving reform for single parents.

Notes: Figure 7 shows the revenue function y — R, (y) for single parents given our benchmark cali-
bration. The optimal tax reform would have reduced marginal taxes between 1,246 (first dashed line)
and 5, 748 USD (second dashed line) and increased them between 5, 748 and 10, 250 USD (third dashed
line). The sum of both shaded areas represents the available revenue gain per single-parent family.
Source: Authors’ calculations (see Online Appendix D for details).
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4. CONCLUDING REMARKS

A key lesson from this paper is that tax reforms with two brackets — a lower one in which
tax rates are lowered, and a higher one in which tax rates are increased — deserve particular
attention. Our theoretical results show that such reforms can make every one better off, even if
no simple one-bracket tax reform can. Moreover, a tax system is Pareto-efficient if there is no
Pareto improvement in the class of tax reforms that affect at most two brackets. We also show
how Pareto-improving reforms can be identified in practice.

Our empirical analysis of the EITC introduction shows that such reforms have also been
successfully used: Before the EITC was introduced, the US tax-transfer system for single par-
ents was not Pareto-efficient. The historical 1975 EITC reform was not Pareto-improving, but
a similar reform affecting marginal taxes in two larger income brackets would have been. The
1979 reform of the EITC then expanded the range of incomes covered, thereby realizing a
Pareto improvement. Thus, while the initial version of the EITC was suboptimal, its design
was improved subsequently.
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