The Inequality Deflator:

Interpersonal Comparisons without a Social Welfare Function

Nathaniel Hendren*

May 2014; PRELIMINARY; COMMENTS WELCOME

Abstract

This paper develops a tractable method for resolving the equity-efficiency tradeoff that modifies
the Kaldor-Hicks compensation principle to account for the distortionary cost of redistribution.
Weighting measures of individual surplus by the inequality deflator corresponds to searching for local
Pareto improvements by making transfers through the income tax schedule. Empirical evidence
consistently suggests redistribution from rich to poor is more costly than redistribution from poor
to rich. As a result, the inequality deflator weights surplus accruing to the poor more so than
to the rich. Regardless of one’s own social preferences, surplus to the poor can hypothetically be
turned into more surplus to everyone through reductions in distortionary taxation. I estimate the
deflator using existing estimates of the response to taxation, combined with a new estimation of
the joint distribution of taxable income and marginal tax rates. I show adjusting for increased
income inequality lowers the rate of U.S. economic growth since 1980 by roughly 15-20%, implying
a social cost of increased income inequality in the U.S. of roughly $400 billion. Adjusting for
differences in income inequality across countries, the U.S. is poorer than countries like Austria
and the Netherlands, despite having higher national income per capita. I conclude by providing an
empirical framework for characterizing the existence of local Pareto improvements from government

policy changes.

1 Introduction

The measurement of societal well-being is an old endeavor in economics. While the canonical utility-
maximizing framework provides a fairly straightforward, if controversial, method for measuring indi-

vidual well-being, aggregating across individuals is notoriously more difficult.
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Aggregation is unavoidable for many normative questions: Is free trade good? What are the
welfare consequences of skill-biased technological change or the general increase in income inequality
in the U.S.? How should one weight producer and consumer surplus? Interpersonal comparisons are
ubiquitous; yet there is no well-agreed upon method for their resolution.

Beginning with Kaldor (1939) and Hicks (1939, 1940), a common approach is to separate issues
of distribution (equity) from the sum of income or welfare (efficiency). They propose a compensation
principle that led to aggregate surplus, or efficiency, as a normative criteria: if one environment
delivered greater total surplus relative to the status quo, then the winners could compensate the losers
through a hypothetical redistribution of income. So, comparing alternative environments required
only summing up individual willingness to pay using expenditure functions. While it was important
to adjust for changes in aggregate purchasing power (e.g. using price deflators), one could ignore
changes in the distribution of welfare or purchasing power within the economy.

The focus on aggregate surplus resolves interpersonal comparisons by valuing money equally to rich
and poor (Boadway (1974); Fleurbaey (2009)). Given preferences for equity, the common alternative
is to use a social welfare function.! But, this requires the economist to specify a subjective preference
for equity in order to measure social welfare. As such, it is difficult to make policy recommendations
based on this approach that command universal acceptance.?

This paper returns to the Kaldor-Hicks criteria, but adds the modification that the transfers
be feasible. In particular, I require the transfers conform with Mirrlees (1971)’s observation that
information constraints prevent individual-specific lump-sum taxation. It is well-known that Kaldor
and Hicks envisioned researchers accounting for the distortionary impact of transfers®, and many
subsequent papers have explored the implications of doing so. For example, Hylland and Zeckhauser
(1979) and Kaplow (1996, 2004, 2008) modify Kaldor (1939) so that compensating transfers occur
through the income tax schedule; Coate (2000) modifies Hicks (1940) by making comparisons to a
feasible set of alternatives (that exclude individual specific lump-sum transfers). However, as noted
by Coate (2000), what is missing from this literature is a simple shadow-price method for accounting

for these distortions.?

!See Bergson (1938); Samuelson (1947); Diamond and Mirrlees (1971); Mirrlees (1976); Dreze and Stern (1987);
Slemrod and Yitzhaki (2001). An alternative proposal, closer in spirit to the present paper, is to focus on characterizing
the Pareto frontier for changes in the nonlinear income tax schedule (Werning (2007)). While in general it is difficult to
find Pareto improvements through modifications only to the income tax schedule, the argument of this paper is that the
resulting shadow prices from this problem are useful to search for Pareto comparisons for other settings.

2In his classic rebuff of distributional weighting, Harberger 1971 writes (p787): “Hypothetically, one might contemplate
a national income measure incorporating “distributional weights,” but two obstacles stand in its way: first, the impossibility
of achieving a consensus with regard to the weights, and second, the fact that most of the data from which the national
accounts are built are aggregates in the first place, and do not distinguish the individuals or groups whose dollars they
represent.” Fortunately, the rise of data availability has largely removed the second problem; this paper attempts to
make progress on the first.

3Hicks writes, “If, as will often happen, the best methods of compensation feasible involve some loss in productive
efficiency, this loss will have to be taken into account” (Hicks (1939), p712)

4Coate (2000) writes: “One attraction of the social welfare function approach is that it is possible to define a set of
shadow prices and instruct government agencies to implement any project making positive profits at those prices (see Dreze
and Stern (1987) for the details). It is not obvious that this is possible under the efficiency approach, since implementing
it requires more than local information about feasible policies and their consequences. An interesting problem for further
research would be to investigate whether the efficiency approach might be approximately decentralised via a system of



As a first step in this direction, this paper develops and estimates a shadow price method that
locally characterizes the existence of potential Pareto improvements when transfers occur through mod-
ifications to the nonlinear income tax schedule. I show one can search for these Pareto improvements
by weighting standard measures of individual surplus (e.g. compensating and equivalent variation)
by an inequality deflator, g (y), defined at each income level, 3.5 If $1 of surplus falls in the hands of
someone earning $y, this can be turned into $¢ (y)/n of surplus to everyone in the economy (where
n is the number of people in the economy). Weighting surplus by the inequality deflator constructs
a hypothetical experiment whereby the surplus is redistributed equally across the income distribution
using modifications to the income tax schedule.

The inequality deflator differs from 1 because behavioral responses affect the government budget
through fiscal externalities. In particular, empirical evidence consistently suggests that it is more
costly to redistribute from rich to poor than from poor to rich. For example, Saez et al. (2012) suggest
a $1 mechanical decrease in tax liability for those facing the top marginal income tax rate has a fiscal
cost of $0.50 - $0.75 because reducing tax rates would increase taxable earnings. At the other end
of the income distribution, Hendren (2013) draws on the summaries in Hotz and Scholz (2003) and
Chetty et al. (2013) and calculates that expansions of the earned income tax credit (EITC) to low
earners has a fiscal cost of around $1.14 because of behavioral responses. Hence, a dollar of surplus
to the rich can be translated into $0.44-$0.66 to the poor. Conversely, a dollar of surplus to the poor
can be translated into $1.52-$2.28 to the rich through a reduction in marginal tax rates and EITC
distortions. Therefore, surplus to the poor should be valued roughly twice as much as surplus to the
rich. The Kaldor-Hicks logic justifies this weighting regardless of one’s own social preference: even if
one only valued surplus to the rich, $1 of surplus accruing to the poor can be turned into more than
$1 to the rich through modifications to the tax schedule.

Although weighting surplus by the inequality deflator corresponds to searching for local Pareto
improvements, it is related to the social welfare function approach. The inequality deflator equals
the average social marginal utilities of income at each income level that rationalize the status quo
tax schedule as optimal. If one assumes the government is optimizing with respect to this social
welfare function, these marginal costs are the solution to the “inverse optimum” program of optimal
taxation (Dreze and Stern (1987); Blundell et al. (2009); Bargain et al. (2011); Bourguignon and
Spadaro (2012); Zoutman et al. (2013a,b); Lockwood and Weinzierl (2014)).% Intuitively, if one’s own

shadow prices which convey the cost of redistributing between different types of citizens.” The present paper provides this
decentralization for the case when the comparison set of policies are local changes to the nonlinear income tax schedule
and illustrates how one can use these shadow prices can be applied even in settings with multi-dimensional heterogeneity
(see Proposition 4).

®The focus on the tax modifications is motivated by the Atkinson and Stiglitz (1976) idea that in many cases this
is the most efficient method for accomplishing redistribution. But, I also discuss extensions to other incentive feasible
transfers. The focus on a first-order characterization circumvents the intransitivity issues that arise to second-order in
the Kaldor Hicks setup (Scitovsky (1941); Boadway (1974)).

5The approach is also related to the large literature on distributional weighting of the MCPF. Instead of starting with
a social welfare function, this paper starts with the Kaldor Hicks principles and never relies on an assumption that the
government is choosing policy to optimize its objectives. But, it turns out that the results in this paper suggest that
the literature estimating the heterogeneity in the MCPF of non-budget neutral policies across the income distribution
can be used as an inequality deflator, provided one adopts the non-budget neutral definition of the MCPF put forth



subjective preferences are willing to pay more than (less than) $2 to the rich to transfer $1 to the poor,
then one might prefer a more (less) redistribution through the tax schedule; the inequality deflator
characterizes this point of indifference. But, regardless of one’s own opinion (or the policymaker’s
opinion) about whether society should give more money to the poor, the Kaldor-Hicks logic justifies
using these weights. So, one can provide policy recommendations, such as how much should society
be willing to pay for social investment that could produce less income inequality, that are independent
of the researcher’s or politician’s preferences for redistribution.

While most of the analysis is straightforward, a difficult set of issues arise when two different
people have the same income but different surplus. It is infeasible to provide different sized transfers
to those with the same income.” In such cases, the inequality deflator can be used to characterize the
existence of local Pareto improvement, but it may not be feasible to provide a local Pareto ranking. I
offer several potential paths forward in this case discussed in Section 3.7.

To provide a precise estimate of the inequality deflator at each income level, I provide a new
representation of the fiscal externality associated with marginal changes to tax policies that allows for
multi-dimensional heterogeneity and both intensive and extensive margin responses.® The marginal
cost of taxation depends on the joint distribution of marginal tax rates, local Pareto parameter of the
income distribution (i.e. the shape of the income distribution), and taxable income elasticities. In
the presence of multi-dimensional heterogeneity, I show this fiscal externality depends on population-
average taxable income elasticities conditional on income, consistent with an intuition provided in
Saez (2001).

I provide an estimate of the inequality deflator by taking estimates of taxable income elasticities
from existing literature combined with a new estimation of the joint distribution of marginal tax
rates and the income distribution using the universe of U.S. income tax returns in 2012. The use of
population tax records allows me to observe each filers marginal tax rate and then non-parametrically
estimate the shape of the income distribution conditional on each marginal tax rate, which is a key
input into the formula for the inequality deflator. I choose estimates of the taxable income elasticity
consistent with existing literature — discussed in detail in Section 4. Existing estimates suggest the
taxable income elasticity is perhaps relatively stable across the income distribution and across tax
reforms (Chetty (2012)). But, the shape of the income distribution and size of the marginal tax rates
varies considerably across the income distribution, leading to heterogeneous fiscal externalities from

changes in the tax schedule.

in Kleven and Kreiner (2006) and used in Hendren (2013). In contrast, it is not immediately obvious how to use he
traditional definition of the MCPF (a.k.a the Atkinson-Stern-Stiglitz-Dasgupta definition ; see Stiglitz and Dasgupta
(1971); Atkinson and Stern (1974); Ballard and Fullerton (1992)), because it considers policies which spend the tax
revenue on a public good received by the individual being taxed. Hence, these estimates cannot easily be used to
construct hypothetical movements of money across the income distribution through changes in the tax schedule.

I also show that the social welfare function interpretation of the inequality deflator is sustained if and only if one
is willing to assume that social marginal utilities of income are constant conditional on taxable income. Without this
restriction, the inequality deflated surplus does not even bound the implicit social welfare impact even if one wanted to
use the implicit social welfare weights that rationalize the tax schedule as optimal (see Corollary 3).

8The representation generalize existing elasticity representations of the marginal cost of taxation (e.g. Bourguignon
and Spadaro (2012); Zoutman et al. (2013a,b)) by allowing for essential heterogeneity in the utility function (as opposed
to assuming uni-dimensional heterogeneity and the Spence-Mirrlees single crossing property).
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Figure 1: Inequality Deflator

Figure 1 presents the baseline estimates of the inequality deflator. The values range from 1.15 near
the bottom of the income distribution to near 0.6 in the 98th percentile of the income distribution.
This means that if $1 of surplus were to fall to the bottom of the income distribution, it can be turned
into $1.15/n of surplus to everyone (where n is the number of people in the economy). Conversely,
if $1 of surplus accrues to the 98th percentile, it can be turned into $0.60/n to everyone through
modifications to the income tax schedule. In this sense, surplus is more socially valuable if it accrues
to the bottom of the income distribution.

The inequality deflator has several additional features to note. First, the fact that the deflator is
everywhere positive suggests there are no Laffer effects: changes to the ordinary income tax rate alone
cannot generate Pareto improvements. Second, the slope of the deflator is steeper in the lower half
of the distribution than the top half. This suggests it is more costly to redistribute from high-earners
to median earners than from median earners to the low-earners. Finally, the deflator declines towards
the 98th percentile of the income distribution, but then exhibits a non-monotonicity at the top 1%
of the income distribution. This suggests current tax rates implicitly value resources more in the top
1% (greater than ~$350K) of the income distribution relative to the 98th percentile (T$250K-$350K

in ordinary income).”?

9The baseline specification assumes that the elasticity of taxable income is roughly constant and equal to 0.3 above
the 95th percentile. I show in Section 4.4 that monotonicity is restored if one assumes that the elasticity of taxable
income increases from 0.3 at the 98th percentile to 0.5 at the 99th/100th percentile.



I illustrate how to apply the inequality deflator by using it to compare income distributions. While
it is common to use price deflators (e.g. CPI, PPP, etc.) to adjust income comparisons for differences
in the aggregate purchasing power of an economy, the inequality deflator allows one to adjust for
differences in the distribution of individual purchasing power. 1 illustrate this with two applications:
historical changes within the U.S. and comparisons across countries.

It is well known that the U.S. has experienced not only significant growth in mean incomes over
the past several decades, but also a significant increase in income inequality especially in the top 1%
(Piketty and Saez (2003)). I show that, although mean household income is roughly $18,300 higher
per household relative to 1980 (in 2012 dollars), inequality-deflated growth is only $15,000. In other
words, if the U.S. were to modify the tax schedule so that every point along the income distribution
experienced equal gains in after-tax income, the U.S. would be roughly $3K poorer, evaporating 15-
20% of the mean household income growth. On the one hand, this difference is fairly small (e.g.
it’s smaller than the impact of adjusting for price inflation). However, aggregating across the roughly
120M households in the U.S., this implies a social cost of rising income inequality in the U.S. of $400B.
Put differently, the modified Kaldor Hicks logic suggests that the U.S. should be willing to pay $400B
for a policy that led to the same aggregate 2012 after-tax income in the U.S. but that did not also
have the increased income inequality.

It is also well known that the U.S. has greater income inequality than many other countries,
especially those in western Europe, but has higher per capita income. In particular, the U.S. has
roughly $2,000 more mean household income than than Austria and the Netherlands. However, if the
U.S. were to adjust its income distribution to imitate these countries, the inequality deflator suggests
it would be roughly $227 poorer than the Netherlands and $366 poorer than Austria. In this sense, the
inequality deflator provides a method for adjusting cross-country comparisons not only for differences
in aggregate purchasing power, but also for differences in the distributions of purchasing power.

Finally, I turn to policy implications. For budget neutral policies, one can simply weight measures
of each individual’s willingness to pay for the policy change by the inequality deflator to characterize
potential Pareto improvements. For non-budget neutral policy experiments, one can compare “benefits”
to “costs”. However, the benefits must be inequality deflated and the costs must include any fiscal
externalities. This provides an empirical generalization of the “benefit principle” — taxing individuals
in proportion to the benefits they receive from the policy — to cases where weak separability of the
utility function does not hold.!” I show that non-separability can be accounted for empirically by
estimating the aggregate fiscal externality associated with the policy (so that one has an accurate
measure of its total cost) and a deflated measure of benefits (so that one accounts for the unequal

distribution of surplus).!

198ee Hylland and Zeckhauser (1979) and Kaplow (1996, 2004, 2006, 2008) for seminal work on the benefits principle.
See also Kreiner and Verdelin (2012) for a summary and a comparison to the traditional MCPF approach.

11 An empirical generalization of the benefit principle to cases where weak separability of the utility function does not
hold has proven elusive. For example, Kreiner and Verdelin (2012) write “in a general setting without separability, the
optimal supply of public goods follows a modified Samuelson rule, with an additional term representing the correlation
between ability and the demand for the public good — conditional on income. It is very difficult to identify this additional
term empirically because correlations between demand and, respectively, ability and income are observationally equivalent



I illustrate this framework by asking whether the tax schedule and the EITC is a more desirable
method of redistribution relative to other policies such as food stamps, housing vouchers, and job
training programs. Building on the analysis of Hendren (2013), I show how one can make welfare
statements about the desirability of these programs given estimates of (a) their causal effects on
taxable behavior and (b) beneficiaries’ willingness to pay for the government expenditure on the
program.'? For baseline estimates, the EITC appears more efficient at bringing resources to the poor
than housing vouchers and food stamps, but this is subject to wide confidence intervals on estimated
causal effects and willingness to pay. But, these limitations are empirical, not philosophical. In the end,
the inequality deflator provides welfare statements using solely information derived from individual
behaviors, as opposed to social preferences of the researcher.

The rest of this paper proceeds as follows. Section 2 provides an introductory example to illustrate
the main ideas. Section 3 presents the model of interpersonal comparisons and defines the inequality
deflator. Section 4 discusses the estimation of the inequality deflator using the universe of US income
tax returns and elasticity estimates from existing literature. Section 5 applies the inequality deflator to
the comparisons of income distributions. Section 6 discusses the implications for the welfare analysis

of public policies. Section 7 concludes.

2 Introductory Example

To motivate the inequality deflator, suppose an alternative environment is preferred by the poor but
not by the rich. Figure 2 presents the willingness to pay for this hypothetical alternative environment
across the income distribution. The standard Kaldor-Hicks compensation principle would simply sum
up this willingness to pay. If aggregate willingness to pay is positive, the winners could hypothetically
compensate the losers from moving to the alternative environment.

But, now suppose that these transfers had to occur through modifications to the income tax
schedule. Such transfers will involve distortionary costs. To illustrate this, imagine providing $1 of
a tax deduction to those with incomes in an e-region near a given income level, y*, as depicted in
Figure 3. To first order, those directly affected by the transfer value them at their mechanical cost,
$1.13 However, the cost of these transfers has two components. First, there is the mechanical cost
of the transfer, $1. But, in addition, some people will change their behavior to obtain the transfer,
so that the total cost to the government will be given by 1 + FE (y), where FE (y) is the fiscal

but have vastly different policy implications, as first noted by Hylland and Zeckhauser (1979).” In contrast, Section 6 shows
that these non-separabilities have an empirical representation in terms of the difference between the fiscal externality
associated with modifiying the tax schedule and the fiscal externality associated with the public expenditure. Hence, one
can account for them by measuring individual willingness to pay and with the cost of the policy (inclusive of these fiscal
externalities).

12This may be different than dollar-for-dollar if, for example, individuals cannot re-trade the expenditure, as is the
case with food stamps.

131 assume those not directly affected by the transfer do not have a welfare impact from the transfer. This assumption
is quite common in existing literature, but rules out potential trickle-down or trickle-up effects of taxation, along with
other types of GE effects (e.g. impacts on tax wages). These effects are excluded not because they are not important,
but rather because their empirical magnitudes are notoriously difficult to uncover. Extending the inequality deflator to
settings with such non-localized impacts of taxation is an important direction for future work.
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Figure 3: Transfers through Income Tax Modifications



(c) Replicate surplus in status quo environment
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Figure 4: Replicating Surplus through Tax Modification in Status Quo

externality resulting from the behavioral responses to the modification to the tax schedule.!* These
fiscal externalities across the income distribution will characterize the marginal cost of redistribution
through the tax schedule.

Given the marginal cost of taxation, one can imagine neutralizing distributional comparisons be-
tween the status quo and alternative environments in two ways, analogous to equivalent and compen-
sating variation. First, one can imagine that the losers have to bribe the winners in the status quo
environment. This is an equivalent variation approach depicted in Figure 4. In this figure, individ-
uals are (to first order) indifferent between the alternative environment and the modified status quo
depicted by the red line. So, if the tax augmented schedule (red line) is budget feasible, one could
close the resource constraint by providing a uniform benefit to everyone, as depicted in the blue line in
Figure 5. Conversely, if the red line is not budget feasible, then closing the budget constraint using a
uniform payment would induce a uniform cost to everyone, as depicted in Figure 6. The difference be-
tween the red and blue line will be called inequality deflated surplus. It measures how much everyone

can be made better off in the alternative environment relative to the modified status quo.

14Because of the envelope theorem, those who change their behavior to obtain the transfer will not experience a first-
order gain in utility. Moreover, this fiscal externality term, F'E (y), is not a traditional measure of marginal deadweight
loss. It depends on the causal effects of the hypothetical tax policy, not the compensated (Hicksian) effects of the policy.
See Hendren (2013) for a discussion.
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In addition to the equivalent variation approach, one can also implement a compensating variation
(CV) approach that modifies the tax schedule in the alternative environment. Here, the inequality
deflator in the alternative environment can be used to characterize the extent to which everyone can
be made better off in the modified alternative environment relative to the status quo. In applications,
it may be reasonable to assume that the inequality deflator is roughly similar in the status quo and
alternative environments; in these cases the two notions inequality deflated surplus will be equivalent
to first order, analogous to the first order equivalence of EV and CV in standard consumer theory. In
this sense, inequality deflated surplus measures the extent to which everyone can be made better off
in the tax-modified alternative environment, relative to the status quo.

The next section develops these ideas more formally, provides the precise first-order statements,

and discusses in detail the issues that arise when surplus is heterogeneous conditional on income.

3 Model

This section develops a model of utility maximization subject to nonlinear income taxation in the
spirit of Mirrlees (1971) and Saez (2001, 2002). The model is used both to define economic sur-
plus (compensating and equivalent variation) and will also be used to describe the marginal price of
transferring resources from one individual to another. This price will then be used to neutralize the
interpersonal comparisons involved in the aggregation of surplus. To be consistent with the Kaldor
and Hicks environment in which transfers can be individual-specific and heterogeneity may follow ar-
bitrary patterns, I allow each individual to potentially have her own unique utility function and I do

not impose restrictions on these functions (such as the Spence-Mirrlees single crossing property).

3.1 Setup

There exists a set of agents indexed by § € O, where © has measure p.'®> There is a status quo
environment and an alternative environment against which one wishes to compare the status quo.
Environments consist of a system of tax policies and utility functions over consumption and earnings.'6
In the status quo environment, type 6 chooses consumption, ¢ (f), and earnings, y (f). I allow each
agent to have a potentially different utility function, u (¢, y; #), over consumption and earnings. Agents

maximize utility subject to a budget constraint
c(0) <y (0) =T (y(0)+m

where T (y) is the taxes paid on earnings y and m is a transfer term that is not contingent upon

earnings.”

5Formally, T assume (O, ) is a probability space with measure p so that the entire population is normalized to
1 (©) =1 and one can use the law of iterated expectations by conditioning on subsets of the population, ©.

16 Allowing utility functions to vary across environments allow for differences in the disutility of producing earnings,
which can be interpreted as productivity differences.

YFor simplicity, I assume T (y) is the same for everyone. In the empirical implementation, I I allow T to vary with
individual characteristics, such as the number of dependents, and marital status. See Section 4.1.

11



Let v° (§) denote the utility level obtained by type € in the status quo environment. And, given a
utility level v, define the expenditure function e (v; ) to be the smallest transfer m that is required for
a type 6 to obtain utility level v in the status quo environment (i.e. with tax policy 7" (o) and utility
functions u (¢ (0) ,y (0) ;0)).'8

In addition to the status quo environment, I consider an alternative environment, a. The notion of
“environment” should be interpreted broadly — it can correspond to different policies or laws, different
distributions of income, etc. In the alternative environment a, type € obtains utility v® (¢) and has
an expenditure function e® (v;6) defined analogously.!” The goal is to construct a normative criteria
under which society prefers one of these environment and to quantify their welfare difference.

To begin, consider the standard equivalent variation measure of the surplus, s (6), to type € from

the alternative environment:
s(0) =e(v*(0);0) —e (°(0);0) (1)

This is the amount of additional money a type # would need in the status quo environment to be
just as well off as in the alternative environment. If s(#) > 0 for all 6, then it must be the case that
v® (0) > 0% () for all @ — i.e. that the alternative environment is preferred by all individuals relative to
the status quo. In this special case, the Pareto criteria suggests society should prefer the alternative
environment relative to the status quo.

More generally though, alternative environments will not be Pareto ranked relative to the status
quo. Some types may have s (6) > 0 and others s (f) < 0. As discussed in the introduction, the Kaldor-
Hicks compensation principle tests whether aggregate surplus, [ s(6)du(0), is positive.?’ But, this
values each types surplus equally. Hence, the Kaldor-Hicks ordering is not distribution-neutral. It

opposes any redistribution if it involves a reduction in total surplus.

3.2 The Inequality Deflator

Now suppose that the transfers occur through modifications to the income tax schedule. Following

Figure 3, imagine transferring a small tax deduction to those with taxable earnings near y*. To be

BFormally, ¢ = inf{m|sup{u(c,y;0)|c<y—T(y)+m}>v}. The standard duality result implies that
e (v°(0);0) =m.

19\ ost of the analysis will not require assuming utility maximization in the alternative environment, but some portions
will require describing the marginal cost of taxation in the alternative environment. Here, I assume a structure similar
to the status quo whereby individuals maximize a utility function u® (¢ (0),y (6);0) subject to a budget constraint,
c(0) < y() —T*(y(0)) + m. The alternative environment is then defined by a different utility function and tax
schedule. Note this easily nests models of alternative environments with differences in productivity levels (i.e. disutility
of earnings), public goods, taxes, etc.

29To be formally correct, Kaldor proposed testing whether aggregate compensating variation is positive, where CV
uses the expenditure function in the alternative environment:

v (0) = ¢ (v(0)50) — " (v° (60):0)

But, this version of the compensation principle is not transitive (Scitovsky (1941)). If environment 1 is preferred to
environment 2 and environment 2 is preferred to environment 3, it is not true that environment 1 is necessarily preferred
to environment 3. This intransitivity is due to the fact that the expenditure function being used to make comparisons
is changing with the alternative environment in question. Hicks (1940) uses the equivalent variation version of this test,
which generates a complete transitive ranking. But, the distinction between EV, CV, and local measures of willingness
to pay is second order (Schlee (2013)).

12



precise, let n,e > 0 and fix a given income level y*. Consider providing an additional $7 to individuals

in an e-region near y*. Define 1" (y; y*, €, 1) by

- T (y) ifyé (v =5y +3)
T (y;y", em) = , oo
T(y)—n ifye(y —5y +35)
so that 7T provides 7 additional resources to an e-region of individuals earning between y* — ¢/2 and

Y+ €/2.

If there were no incentive constraints and the government could target this transfer only to individ-
uals earning between y* — €/2 and y* + €/2, then the cost to the government of this transfer would be
n(F(y +%)—F(y*—%)) where F (y) = u({0]y (8) < y}) is the cumulative distribution of income
in the status quo world. However, as observed by Mirrlees (1971), other individuals may choose to
alter their earnings towards y* in order to obtain the transfer of n. It is precisely these costs that will
be accounted for by using the inequality deflator.

To capture this in the notation, let ¢ (0;y*,e,n) denote the income choice of type 6 under the
tax schedule 7' (y;y*,€,1). Let ¢ (y*, €,n) denote the average cost to the government per mechanical

beneficiary:
— [T @Oy en)iyen) T (y(0)] dus (0)
Fy+5)—Fy—95)

where the numerator is the cost of the policy and the denominator is the mass of people who receive

iy en) =

the mechanical transfer n without any behavioral responses.

Now, consider the marginal cost of providing resources to types near y*. To calculate this, first I
take the derivative of ¢ with respect to n and evaluate at n = 0. This yields the function %ﬁhzo,
which is the marginal cost of providing an additional dollar through the tax code to individuals with
earnings in an e-region of y*. Then, taking the limit as ¢ — 0, one arrives at the marginal cost to the

government of providing an additional dollar of resources to an individual earning y:

5
i %4, €1)

limg L0, =14 FE () 2)

where I assume this limit exists and is continuous in y.2! In the absence of behavioral responses to the
hypothetical tax policies, this marginal cost is $1 per beneficiary. But, there is an added term in the
marginal cost of the transfer which equals the causal impact of the behavioral response to the policy
on the government budget, F'E (y). This is the “fiscal externality” associated with the behavioral
response to the small change to the tax schedule. If the increased transfer causes people to work less
and thereby reduces tax revenue, then the fiscal externality is negative; if the policy causes people to

work more and thus increases tax revenue, then the fiscal externality will be positive. In general, the

21 Assumption 1 below will imply that this limit exists. In general, this requirement is not very restrictive. But, it
would be violated if, for example, there were a mass of people indifferent to earning y = 0 and y = y* so that a small
additional transfer induced a massive increase taxes collected at y = y*. Section 3.3 provides a general class of utility
functions for which this limit exists.
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size of the fiscal externality is an empirical question and depends on the causal impact of tax changes.

Technical assumption Equation 2 characterizes the marginal cost of providing tax deductions at
various points of the income distribution. To use these marginal cost measures at each income level, y,
to neutralize distributional comparisons for an entire surplus function across the income distribution,
one must assume that a total differentiation property of the government revenue function holds with
respect to changes in the tax schedule. Because I have allowed for fairly rich heterogeneity, 6, and
have not assumed convexity in preferences, changes in the choice of y can be discontinuous in response
to small tax changes. I can allow for discontinuous behavioral responses as long as they “average out”

when integrating across  so that the aggregate revenue function is differentiable.

Assumption 1. Let y (0;T) denote the individual’s choice of labor earnings in the status quo world
when facing tax schedule T. Let R(T) = [T (y ))du (0) denote government revenue. Suppose
T(y) = Ty + EZ] L T7 (y) for some functzons T] Let T! (y) = T (y) + €IV (y). Then R is

continuously differentiable in € and
N
d . d -
il - E il J
de o R <T6> = de =0 (TE>

This assumption ensures that the standard tools of calculus characterize government costs when
changing the shape of the tax schedule. It is satisfied for most common forms of preferences, such as
the broad class of preferences discussed in Subsection 3.3. It would be violated if some types count
towards the marginal cost of two different tax movements, as this would lead to a double-counting of
marginal costs. This would occur if there were a mass of agents perfectly indifferent between three
earnings points in the status quo. Then, providing additional transfers to one of these two points
would both induce movement from the other point and thus the sum of the two tax movements would
be larger than the combined tax movement. In practice, such situations are unlikely to arise. Hence,
Assumption 1 is a relatively unrestrictive that prevents the need for imposing a particular structure

on unobserved heterogeneity or preferences.

The Inequality Deflator The function F'E (y) characterizes how the marginal cost of providing
surplus through the tax schedule to those earning near y differs from the mechanical cost of 1. For a
given surplus function, s (@), I define the inequality deflator as the marginal cost of providing resources
to those earning near y normalized by the average marginal cost of providing resources equally across

the income distribution.
Definition 1. The inequality deflator, g (y), is given by

o 1+ FE(y) _ _L+FE@y)
gy _f(l—}—FE(y(@)))dﬂ(e)_E[1+FE(y>]
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Inequality deflated surplus is given by

S0 = / 5(6)g (v (6)) du (6) (4)

The inequality deflator has a straightforward intuition: $1 of surplus that falls to those earning y
can be turned into g (y) /n surplus to everyone in the population (where n is the number of people
in the population) through modifications to the income tax schedule. The inequality deflator down-
weights (up-weights) surplus if it accrues to individuals to whom it is less (more) costly to redistribute

through changes in the income tax schedule.

Multiple Dimensions It is straightforward to verify that the fiscal externality representation of
the inequality deflator in equation (3) can be extended to the case when transfers are made based
on a multi-dimensional set of characteristics, X, instead of just income, y. In this case, g(X) =
#% could be used to deflate surplus, where 1+ FE (X) is the marginal cost of providing $1 of
transfers to those with characteristics in an e-region near X. As discussed in Subsection 3.5, this can
potentially help provide Pareto comparisons for policies which have heterogeneous surplus conditional
on income. But, for most of the paper I focus on the case where transfers are made only conditional
on income. This is for two reasons. First, this allows me to draw upon the large body of empirical
work studying the behavioral responses to changes in the income tax schedule. Second, Atkinson and
Stiglitz (1976) suggests that redistribution through the income tax schedule is, in some cases, sufficient

for redistribution.?2

Negative deflator It may be the case that the inequality deflator is negative, F'E (y) < —1. This
characterizes the existence of Pareto improvements through modifications to the income tax schedule
in the status quo environment, and is isomorphic to tests suggested in Werning (2007) among others.
Intuitively, FFE (y) < —1 suggests the existence of a local Laffer effect: the government can increase
revenue by providing transfers. In this case, policy recommendations are straightforward and inde-
pendent of distributional considerations: fix the tax schedule and provide these transfers! But, in the
empirical implementation, my results suggest these deflator values are in general non-negative, and

hence one cannot find Pareto improvements solely by manipulating the income tax schedule.??

3.3 Quantifying the Inequality Deflator

Behavioral responses to these policy changes provide clues about the value of the inequality deflator
across the income distribution. At the bottom of the income distribution, existing empirical evidence

suggests transfers to the poor through expansions to the EITC schedule induce distortions that increase

22Given individuals, 6, with a full set of observable choices (including income), X (8), and income choice y (8), a general
statement of the Atkinson and Stiglitz (1976) result is 1+ FE (X (§)) = 1+ FE (y (0)) for all §. This obviously need not
hold in general, but there are well-known weak separability functions on the utility function under which this may hold.

23 As one incorporates more policy dimensions, X, it may be the case that FE (X) < —1 for some values of X. This
characterizes when there exists a modification to the multiple dimensional transfer system that can provide a Pareto
improvement, and generalizes the test of Werning (2007) to multiple dimensional policies.
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the cost of the program. For example, Hendren (2013), drawing on studies and summaries in Hotz
and Scholz (2003) and Chetty et al. (2013), calculates that a $1 mechanical increase in EITC benefits
has a fiscal cost of around $1.14. Conversely, Saez et al. (2012) summarize existing literature on the
behavioral responses of the top earners to changes in the top marginal tax rate. They suggest the a
$1 mechanical decrease in tax liability through a reduction in the top marginal income tax rate has a
fiscal cost of only $0.50 - $0.75 because of the induced behavioral responses.

Combining these reduced form estimates, the results imply a shape to the inequality deflator:
surplus in the hands of the rich should be valued less than surplus in the hands of the poor. Even if
one’s own social preferences preferred resources in the hands of the rich, a dollar of surplus in the
hands of a poor person can be translated to more than a dollar (7$1.52-$2.28)) in the hands of a rich
person by reducing distortions in the tax schedule.?* Conversely, a dollar of surplus in the hands of a
rich person can only be translated to less than a dollar (7$0.44-$0.66) in the hands of a poor person
because such movement requires increasing the distortions in the tax schedule.?’> Hence, this leads to

a preference for surplus in the hands of the poor more so than the rich in a ratio of roughly 2-1.

Elasticity Representation While the causal response to changes in the top tax rate and the EITC
provide guidance on the size of F'E (y) at broad regions of the income distribution, one ideally prefers
a more precise estimate of F'F (y) at each income level. To do so, I write F'E (y) as a function of the
shape of the income distribution, the tax schedule, and behavioral elasticities, following Saez (2001),
and the more recent inverse optimum literature of Bourguignon and Spadaro (2012), Blundell et al.
(2009), Bargain et al. (2011), and Zoutman et al. (2013a,b).26 Relative to this literature, I make
a relatively weak set of assumptions on the unobserved heterogeneity in the model (e.g. I do not
assume a uni-dimensional or a small set of discrete types, nor do I assume that a Spence-Mirrlees
single crossing condition holds).

Some additional assumptions are required for an elasticity representation of F'E (y). In particular,
I assume individuals may respond to taxation by choosing to enter the labor force or adjust their labor
hours. However, I make the simplification that intensive margin adjustments are continuous in the tax
rate. More formally, Let ¢ (y;w, ) trace out a type 0’s indifference curve (in consumption-earnings

space) at utility level w, defined implicitly by the standard indifference equation:
u(e(y;w,0),y;:0) =w

I make the following assumptions.

Assumption 2. Let B(x) = [u(y(6) = T (y(6)),y(6):0) — r,u(y (6) — T (5 (6)) 5 (6) ;6) + ] de-
note an interval of width Kk near the status quo utility level. Each type 0’s indifference curve, ¢ (y;w,0),

satisfies the following conditions:

*!Note that L = 2.28 and g2 = 1.52
25 8:2 878
Note that 5% = 0.44 and 347 = 0.66
268ee also Immervoll et al. (2007) who identify the implicit welfare weights that make policymakers indifferent to a
proposed tax/transfer policy change, building on Browning and Johnson (1984). Following Kleven and Kreiner (2006);

Immervoll et al. (2007), I also incorporate a participation margin decision.
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1. (Continuously differentiable in utility) For each y > 0, there exists £ > 0 such that ¢ (y; w, 0) is

continuously differentiable in w for all w € B (k)

2. (Convex in y for positive earnings, but arbitrary participation decision) For each y > 0, there
exists k > 0 such that ¢ (y;w, ) is twice continuously differentiable in y for all w € B (k) and

¢y > 0 and cyy > 0.

3. (Continuous distribution of earnings) y (#) is continuously distributed on the positive region

y > 0 (but may have a mass point at y = 0).

Assumption 2 imposes fairly weak assumptions on the utility function. First, it imposes the standard
assumption that indifference curves move smoothly with utility changes. Second, it requires that
indifference curves are convex on the region y > 0. Importantly, this allows for non-convexities on
the participation margin, y = 0 versus y > 0. So, small changes in the tax schedule can cause jumps
between y = 0 and y > 0 (i.e. a participation response). But, the convexity over y > 0 ensures small
changes in the tax schedule only leads to small intensive margin changes in labor supply.?” Finally, the
third part of Assumption 2 is made for simplicity so that I do not require separate formulas for point
mass regions of the income distribution.?® This allows me to characterize the inequality deflator for
regions of the tax schedule that are continuously differentiable, which corresponds to the vast majority
of points along the income distribution.

Using Assumption 2, one can write the fiscal externality at each point along the income distribution
as a function of labor supply elasticities, tax rates, and the shape of the income distribution. Let
7(y) = T’ (y) denote the marginal tax rate faced by an individual earning y. For individuals with
y > 0, the concavity of the utility function implies that the marginal rate of substitution between

income and consumption is equated to the relative price of consumption, 1 — 7 (y):

Ue

——=0=-7(y(9)

Uy

I define the average intensive margin compensated elasticity of earnings with respect to the marginal

keep rate for those earning y () = y in the status quo,

1—7(y (0 d
€ (y) =FK |: y ((g)( )) d (1 g T) ’u:u(c,y;9)|y (9) = y:|

which is the percent change in earnings resulting from a percent change in the price of consumption.

I also define the income elasticity of earnings by ¢ (y)

() = | OO =T O, )

2"This simplifies the representation of the cost of raising tax revenue, since the intensive margin responses will be
summarized by local intensive margin elasticities. See Kleven and Kreiner (2006) for a particular utility specification
that satisfies Assumption 2 and captures these features of intensive and extensive margin labor supply responses.

281f the tax schedule had kinks that generated significant bunching, then one would need to modify the formulas below
accordingly. With bunching, equation (2) would continue to characterize the inequality deflator at bunch points, but one
would need to derive a different elasticity representation.
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which is the percentage response in earnings to an exogenous percent increase consumption.
Finally, let f (y) denote the density of earnings at y. I define the extensive margin (participation)

elasticity with respect to net of tax earnings, ¢’ (y).

dlf (y)] y—T(y)
y=T()l f()

In principle, these three elasticities could vary arbitrarily across types, 6. I derive the deflator for

6P(y)=d[

this arbitrary case, but for empirical tractability, I also consider the special case when the elasticities

are constant conditional on income y (). With these definitions, Proposition 1 follows.

Proposition 1. For any point y* such that 7 (y*) is differentiable, the fiscal externality of providing

additional resources to individuals near y* is given by

: NTEI=TO) o 7)) ey TW v W)
FEW) =< (v') 70y S0 omm e [0 g ) ©
Y

Participation Effect Substitution Effect

Income Effect

Moreover, for all points y such that (a) d% [T (y)] =0 and (b) d% [€€ (y)] = 0, the fiscal externality

s given by

T(y*) =T (0) (") (")
FE@y)=—" () —r——=" —CW) —Fm — < () ——=ay’ 6
W)= =) gy 00 g 00 T e ) (6)
where o (y) = — (1 + %) is the local elasticity of the income distribution (which equals the local
Pareto parameter of the income distribution).
Proof. Proof provided in Appendix A O

Proposition 1 is a generalization of the canonical optimal tax formula to the case of multi-
dimensional heterogeneity.?? Consistent with the intuition provided by Saez (2001), Proposition 1
shows that the relevant empirical elasticities in the case of potentially multi-dimensional heterogeneity
are the population average elasticities conditional on income.

The fiscal externality associated with providing an additional dollar resources to an individual
earning y* is the sum of three effects. First, to the extent to which the additional transfer induces
people into the labor force, this increases tax revenue proportional to the difference between the average
taxes received at y* and the taxes/transfers received from those out of the labor force, T'(0). Second,
the increased transfer may change the labor supply of those earning y* due to an income effect. These
marginal changes affect the government budget proportional to the marginal tax rate, 7 (y*). Finally,

the transfer might attract other people earning close to y* who will change their earnings to y* in

2Zoutman et al. (2013b) provide a derivation of equation 5 for the case when 6 is uni-dimensional and distributed
over an interval and for which the Spence-Mirrlees single crossing condition holds. The optimal top marginal income tax
rate (e.g. Diamond and Saez (2011) and Piketty and Saez (2012)) can be derived by taking the limit as y increases and
setting it equal to the mechanical revenue impact of 1.
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order to get the transfer. The components of this term are straightforward. First, the number of such
people is proportional to the curvature of the indifference curves in the consumption-earnings space,
which is given by the compensated elasticity of earnings with respect to the price of consumption (i.e.
the keep rate, 1 — 7 (y)). The cost of providing this transfer to these people is proportional to the
compensated elasticity, and hence the “1” in the « (y) expression. However, there is an additional

effect captured by y}céz’)') Some people above y* will lower their income to y* resulting in an income

loss to the government; some below y* may raise their income to y* resulting in an income gain to

the government; the extent to which the losses outweigh the gains is governed by the elasticity of the

income distribution, %;}f’)) When ny/ is negative, this reduces the cost of providing transfers because
more people increase rather than decrease their taxable earnings in order to obtain the transfer. When
ny/ < —1, as is the case with the Pareto upper tails in the US income distribution, this lowers the
marginal cost of providing transfers to the point where the distortions induced actually increase total
earnings; hence, the marginal cost of providing transfers in this region of the income distribution can

be less than 1.

Summary In sum, the inequality deflator equals the marginal cost of providing transfers through

the income distribution if financed equally throughout the distribution, g (y) = ﬁ%% The fiscal

externality representation of this marginal cost is quite general. Indeed, it has a natural extension to

cases where transfers are made conditional on a multi-dimensional choice vector, X, so that g (X) =
I+FEBE(X)

EN1+FE(X)]"

can be represented by elasticities, one can write F'E (y) using average taxable income elasticities, as

Moreover, under the relatively weak additional assumptions that behavioral responses

in equations 5 and 6. Given the piece-wise linear nature of the U.S. tax schedule, equation 6 will be

the primary method of implementation in Section 4.

3.4 Technical Properties of the Inequality Deflator

The inequality deflator can be used to compare two alternative environments. This subsection provides
two precise statements — analogous to compensating and equivalent variation — for what it means to
deflate surplus, s (), using the inequality deflator, g (y). Proposition 2 shows that, to first order,
deflated surplus is positive if and only if there does not exist a modification to the tax schedule that
can make each point of the income distribution better off relative to the alternative environment.
Proposition 3 shows that, under an additional assumption, inequality deflated surplus is positive if
and only if there exists a modification to the tax schedule in the alternative environment such that each
point of the income distribution is, to first order, made better off relative to the status quo. If surplus,
s (), does not vary conditional on income, then testing whether inequality deflated surplus is positive
amounts to searching for potential Pareto improvements. If surplus is heterogeneous conditional on
income, one needs to make additional modifications to the surplus function, discussed in Section 3.5.

To make these “to first order” statements more formally, for any € > 0 define the scaled surplus by
sc(0) = es(0) and SIP = [s.(0) g(y(0))du(0) = eS™P. Clearly, STP > 0 if and only if S!P > 0. The

following proposition compares the alternative environment to a modified status quo environment in
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which the tax schedule replicates the distributional incidence of the alternative environment.

Proposition 2. If S'P < 0, there exists an é > 0 such that for any € < € there exists an augmentation
to the tax schedule in the status quo environment that generates surplus, st (0), that is higher at all
points of the income distribution: E [st(0) |y (0) =y| > E[sc(0) |y (8) =y] for all y. Conversely, if

SIP > 0, no such € exists.

Proof. See Appendix A.2 for details. The proof follows by constructing a modified tax schedule that
provides surplus proportional to E [s(0) |y (6) = y] at each point along the income distribution and
SIP < 0. Conversely, if S'P

noting that the cost of doing so is non-negative if > 0, the such a policy

has a negative budget impact. O

When inequality-deflated surplus is positive, to first order one cannot modify the income tax
schedule in the status quo world to replicate the average surplus offered by the alternative environment
at each point along the income distribution. Conversely, when inequality-deflated surplus is negative,
to first order one can replicate the average surplus offered by the alternative environment at each point

in the income distribution.3?

Compensating variation Proposition 2 provides an equivalent variation justification for the use
of the inequality deflator. One can also justify the use of the inequality deflator using a compensating
variation argument as well. To do so, one needs to make some additional assumptions to describe the
redistribution process that occurs in the alternative environment for sufficiently small e.

Suppose for each € € (0, €) there exists an alternative environment that yields surplus s. = es (6).
Suppose moreover that these e-alternative environments have a structure in which individuals max-
imize earnings subject to a tax schedule and let y¢(6) denote their income choice.?! Let ¢ (y) be
the inequality deflator in the e-alternative environment e. In order to provide a compensating vari-
ation logic for the inequality deflator, I assume that it provides an adequate measure of the cost of

redistribution in the e-alternative environments.

Assumption 3. For sufficiently small €, the inequality deflator in the alternative environment is the
same as in the status quo. Specifically, there exists € such that if € € (0,€), then (1) y©(0) is the same
for all types 0 that had the same income in the status quo world, y¢ (0) =y (') iff y (6) =y (0'), and
(2) g(y(0)) =g (y°(9)) for all 8. Moreover, Assumption 1 holds for each e € (0,€).

Assumption 3 guarantees that the inequality deflator can be used to measure the cost of redistribu-
tion in the alternative environments. If so, the inequality deflator prefers the alternative environment
if and only the surplus can be redistributed so that every point of the income distribution receives

greater average surplus relative to the status quo.

390f course, one should be cautious when applying the deflator to very large changes in environments, as the marginal
cost of the required distortionary taxation may begin to differ from the local marginal cost around the status quo
environment, embodied in g (y). Moving beyond this first-order approach is an interesting direction for future work.
318ee Footnote 19 for the statement of this utility maximization structure.
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Proposition 3. Suppose Assumption 3 holds. If ST™P > 0, there exists € > 0 such that for any e < €,
there exists an augmentation to the tax schedule in the alternative environment that delivers surplus
st (9) that is on average positive at all points along the income distribution: E [st(0) |y (6) =y] > 0

for all y. Conversely, if S'P < 0, then no such & exists.
Proof. See Appendix A.3. O

When Assumption 3 holds, positive inequality deflated surplus means one could hypothetically
modify the tax schedule in the alternative environment so that the winners compensate the losers. In
this sense, inequality deflated surplus entails a logic in the spirit of the Kaldor-Hicks compensation
principle. However, instead of searching for potential Pareto improvements, one compares the average
surplus at each point of the income distribution. When surplus is heterogeneous conditional on income,

the search for potential Pareto improvements is more difficult.

3.5 Heterogeneous Surplus Conditional on Income

If two people earning the same income, y (6), have different surplus, s (6), then undoing the distribu-
tional incidence through the tax schedule will necessarily make one of the two people strictly better
off.32 Fortunately, with a slight modification of the surplus function, one can use the inequality deflator
to characterize the existence of local Pareto improvements.

Given the surplus function s () of interest, I define the min and max surplus at each point of the
income distribution. First, for any ¢ let s(g) = inf {s (0) |y (§) = g} be the smallest surplus obtained
by a type 6 that earns § (note this number may be negative). Second, let 5 (y) = sup {s (6) |y () = 3}
be the largest surplus obtained by a type 0 that earns . The search for local Pareto improvements
involves deflating not actual surplus, s (), but rather these min and max surplus functions conditional

on income. In particular, let
S™ = [ 5() 9 (0(6)) dis(6)

and
D

5" = [5)a(u(6) du(6)
¥ 5" < 0, then there exists a modification to the existing tax schedule such that everyone locally

prefers the modified status quo to the alternative environment.

oy s —ID . ~ ~
Proposition 4. Suppose S~ < 0. Then, there exists an € > 0 such that, for each € < € there
exists a modification to the income tax schedule that delivers a Pareto improvement relative to s (0).
. 5ID ‘ . - . ‘
Conversely, if S > 0, there exists an € > 0 such that for each € < € any budget-neutral modification

to the tax schedule results in lower surplus for some 6 relative to s (0).

32For another example, suppose an alternative environment offers a surplus of $20 to one person earning $40K and
a surplus of -$10 to another person also earning $40K. Then the inequality deflator would ask whether one can modify
the tax schedule to provide $5 of surplus to those earning $40K. Of course, this $5 would not sufficiently compensate
the individual with -$10 in surplus and hence the inequality deflated surplus would not correspond to a potential Pareto
improvement.
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Proof. See Appendix A.4 O

When 577 < 0, a change in the tax schedule within the status quo locally Pareto dominates the
alternative environment. Clearly, 5P > 8P 5o that this is a more restrictive test of whether the
status quo should be preferred to the alternative environment.

Conversely, using Assumption 3, one can test whether the alternative environment, modified with

a change to the tax schedule, provides a local Pareto improvement relative to the status quo.

Proposition 5. Suppose Assumption 3 holds. Suppose S'™P > 0. Then, there exists an € > 0 such
that, for each € < € there exists a modification to the income tax schedule in the alternative environment
such that the modified alternative environment delivers positive surplus to all types relative to the status
quo, st (0) >0 for all 6.

Proof. See Appendix A.5 O

In general, it can be the case that 5'P >0 > S'P so that the potential Pareto criterion cannot
lead to a sharp comparison between the status quo and the alternative environment. But in many
applications, such as the comparisons of income distributions in Section (5.1) and Section (5.2), the
surplus will not vary with 6 conditional on income y (0). Therefore, s (y) = s(y) = s(0) whenever
y () = y. In these cases, applying the inequality deflator is equivalent to searching for potential Pareto
improvements through modifications to the income tax schedule, in the spirit of Kaldor (1939) and
Hicks (1939, 1940).

Corollary 1. Suppose s(0) does not vary with 6 conditional on income, y (0) (i.e. s(0) =5(y(9))).

3.6 Relationship to Social Welfare Function

If a social welfare function exists, the inequality deflator equals the average implicit social marginal
utilities of income that rationalize the status quo tax schedule as optimal. To see this, let x (0) denote
the social marginal utility of income of individual 6, normalized so that E [x (f)] = 1. In the social

welfare function approach, ratios of social marginal utilities of income, igg;;, characterize the social

willingness to pay to transfer resources from 62 to 6; and provide a generic local representation of

social preferences (Saez and Stantcheva (2013)).

Proposition 6. Suppose the income tax schedule in the status quo, T (y), is mazimizes social welfare
and let x (0) denote the local social marginal utilities of income. Then, the inequality deflator, g (y),

equals the average social marginal utilities of income for those earning y (0) =y,

g(y)=Ex (@) ]y () =y

22



Proof. Given a tax function T (y;y*,€,m), let 0(0,¢€,m) denote the utility to type 6. By the envelope

theorem, we have

d@| 0 ifyd (v — Sy +5)

"0 T Y oue) o e e

a B i yE =5y +3)

so that the impact on the social welfare function is [ x (0)1{y(0) € (y* — §,y* + 5)} du (6), where
X (0) equals %J—ff?) multiplied by the local social welfare weight. Taking the limit as ¢ — 0, we have

that the benefit of a small increase in 1 is E [x (0) |y (6) = y|; moreover, by definition the cost of a
small increase in 7 is g (y). Optimality of the tax code implies that the welfare benefit per unit cost

is equated for all y:

Finally, note that g (y) = mg y2), so that Eg(y)] = %g (y2). Now, by

construction E[g(y)] = 1 and E[x (0)] =
E[x(8) ]y (9) = v]. -

[

, so replacing notation of yo with y yields g(y) =

If the tax schedule maximizes a social welfare function, then the inequality deflator weights surplus
by the average social marginal utilities of income at each income level. In this sense, it provides lower
weight to those whose income levels have lower social marginal utilities and higher weight to those
with higher social marginal utilities of income.

In this sense, the inequality deflator is related to growing literature studying the inverse optimum
program (Saez (2002); Bourguignon and Spadaro (2012); Blundell et al. (2009); Bargain et al. (2011);
Zoutman et al. (2013a)) and the search for conditions under which the existing tax schedule is Pareto
optimal (Werning (2007)).33 This literature seeks to characterize the marginal cost of taxation along
the income distribution (i.e. ¢ (y) in the present notation) and used it to infer the social marginal
utilities of income of those who set the tax schedule. While a primary motivation for this literature
has been to better understand the implicit preferences arising from the political process, the present
analysis provides formal justification for using the inequality deflator as a general method to weight
surplus across the income distribution. Here, the Kaldor-Hicks logic provides such justification even if
one’s own social preferences differ from those that rationalize the status quo tax schedule as optimal. If
the alternative environment delivers greater inequality-deflated surplus, then it provides surplus that is
unattainable through modifications through the income tax schedule; and, under suitable assumptions

discussed above, everyone can be made better off relative to the status quo.

33Proposition 6 provides a new characterization of the solutions to the optimal inverse problem in cases in which the
optimal tax problem is not “invertible”. Generically, the optimal inverse problem has no solution if one assumes there is
sufficient heterogeneity in the population so that there are two people with different social marginal utilities of income
that have the same income. Indeed, some have worried that solutions to the optimal inverse problem are highly dependent
on the modeling assumptions used to derive the expressions (Dreze and Stern (1987)). And, subsequent work generally
relies on either (1) an assumption of uni-dimensional skill heterogeneity that satisfies the Spence-Mirrlees single crossing
condition, so that no two types have the same income (Bourguignon and Spadaro (2012); Werning (2007); Zoutman et al.
(2013a)) or (2) a finite set of types (Saez (2002); Blundell et al. (2009); Bargain et al. (2011)). However, Proposition 6
shows that with an arbitrary distribution of unobserved heterogeneity no restrictions on the shape of the utility function,
the inequality deflator reveals the population average of the social marginal utilities at a given income level.

23



In this sense, the inequality deflator allows for a welfare framework that does not rely on one’s
own subjective social preferences. While everyone may always disagree about the optimal amount
of redistribution, perhaps the use of the inequality deflator can spawn greater agreement for the

desirability of other policies perhaps in combination with modifications to the tax schedule.

Heterogeneity Conditional on Income The mapping from social marginal utilities of income to
the nonlinear tax schedule cannot be inverted when the social marginal utilities of income can vary
conditional on income. Intuitively, two different people with the same income may have different social
preferences. Moreover, using the inequality deflator to value surplus can lead to a biased measure of the
implicit social welfare impact of the alternative environment. Fortunately, the bias has an intuitive
expression. Inequality deflated surplus differs from surplus that is weighted using social marginal
utilities of income in so much as there is a covariance between the social marginal utility of income

and surplus, conditional on income.

Corollary 2. The surplus weighted by the social marginal utilities of income differs from the inequality
deflated surplus of the alternative environment by the covariance of surplus and social marginal utilities

of income, conditional on income:

Els(0)x(0)] = Ey[Egy,ls©®) |y @)=yl E[x©)|y0) =yl] + Ey [cove, (x (8),5(0) |y (0) =y)]
= E[s(0)g(y(9))] + Ey [covay, (x (8),5(0) ly (0) = y)]

In particular, if either (a) surplus does not vary conditional on income or (b) social marginal
utilities of income do not vary conditional on income, then the inequality deflated surplus corresponds
to weighting surplus using the social marginal utilities of income that rationalize the status quo tax
schedule as optimal.

Corollary 2 highlights an important caveat in using the inequality deflator for making welfare
comparisons. If a policy provides systematic surplus to individuals of a socially-valued type, conditional
on income, the inequality deflated surplus will be lower than would be obtained if one used the implicit
social marginal utilities of income that rationalize the tax schedule as optimal. For example, it could be
the case that Medicaid is a more costly method of redistribution than the income tax. But, Medicaid
provides greater surplus to socially valued groups (e.g. the sick) conditional on their income.

More generally, the inequality deflated surplus does not bound the potential social welfare of the

alternative environment, as illustrated in the following Corollary.

Corollary 3. Consider a policy where s(0) = € for the entire population except those whose earnings
are in a non-trivial region of the income distribution, y (0) € [y*,y* + a]. For those with incomes in
this region, half have surplus s(0) = —e and the other half has surplus s(0) = €, where surplus is
independent of income. As long as g (y) is bounded (which will be the case empirically), such a policy
delivers a potential Pareto improvement for sufficiently small € and a. But, for any M > 0 there exists

two sets of positive weights, x1 (0) and x2 (6), such that:
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1. The conditional mean of x; (#) and 2 (0) equals the inequality deflator (and hence can rationalize

the tax schedule as optimal)
Elx1(0)]y(0) =yl = Ex2(0) [y (0) =yl = g (y)
2. Surplus weighted by x; () is arbitrarily large:

Elx1(0)s(0)]>M

3. Surplus weighted by x2 () is arbitrarily small

Elx2(0)s(0)] < —M

Proof. Follows straightforwardly by assuming the conditional distribution of y (#) given income y (0)
follows a Pareto distribution with shape parameter sufficiently close to 1, a scale parameter chosen
to match the conditional mean, ¢ (y), and a correlation with s (6) that is either positive (case 2) or
negative (case 3).The intuition is that the inequality deflator pins down the conditional mean, but not

the variance, of the implicit welfare weights that rationalize the tax schedule as optimal. O

The Corollary shows that one can have an alternative environment that generates a potential Pareto
improvement, but the impact on social welfare of the policy itself cannot be bounded even if that same
social welfare function rationalizes the tax schedule as optimal. So, although the inequality deflator has
a strong link to the optimal inverse program, it cannot be used to estimate, or even bound, the social
welfare impact of alternative environments in the presence of heterogeneity conditional on income.
However, it can continue to be used to characterize the existence of potential Pareto improvements

using the functions 5P and S

3.7 Dealing with Heterogeneity in Practice

When surplus is heterogeneous conditional on income, it may be the case that 5P > 0> S'P. In this
case, there does not exist a modification to the tax schedule in the alternative or status quo environment
that can render a Pareto comparisons between the status quo and alternative environment. Here,
there are several options. First, one could bias the status quo, choosing the alternative environment iff
STP > 0. Of course, this might be overly conservative. Second, one can use inequality deflated average
surplus, STP, and decide if the alternative environment brings sufficient benefits to each point of the
income distribution to warrant the lack of Pareto improvement. This approach of course violates the
Pareto principle, but may be a useful application of the deflator in cases with important sources of
heterogeneity conditional on income.

Third, one could consider additional compensation instruments, such as capital taxation, com-
modity taxation, Medicaid eligibility, etc. Intuitively, when 5P > 0 > 8P, the income tax alone

is too blunt an instrument to conduct compensating transfers. For example, if surplus is a function
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of both health and income, one could imagine making compensating transfers through modifications
to both income and Medicaid / Medicare generosity and eligibility. Here, one requires estimates of
FE (X) (e.g. if X = (y,m) where m is Medicaid expenditures m, one requires the causal effect of
the behavioral response to a transfer directed towards those not only with income y but also with
Medicaid expenditures m. Such an analysis is not straightforward and beyond the scope of this paper.
But, the general approach can be generalized to multiple dimensions; the key hurdle is empirical.
Finally, one can consider policies that have smaller variations in surplus conditional on income.
Intuitively, it is likely easier to find Pareto improvements for policies of the form “approve mergers of
type X” as opposed to policies of the form “approve merger X”, since the willingness to pay can be
thought of as ex-ante to the set of mergers that will be approved. The inequality deflator is well-suited
to addressing comparisons where the key source of heterogeneity is income, as will be the case in the

examples in Section 5.

3.8 Discussion of Limitations

The previous section highlighted the difficulties that arise when surplus is heterogeneous conditional
on income. Before turning to the empirical implementation, I want to highlight a couple of additional

issues that could be incorporated into the inequality deflator, but are currently excluded.

GE effects and spillovers By writing income, y (6), into the utility function and not including
the income earnings of anyone else, I implicitly rule out general equilibrium effects associated with
changes to tax policies. For example, if increasing taxes on the rich leads to lower wages for the poor,
as in Rothschild and Scheuer (2013), then this would increase their marginal disutility of earning a
given income level. Conversely, if increasing taxes on the rich leads them to conduct less rent-seeking
activities that harm the earnings of the poor, this would decrease their marginal disutility of earning a
given income level. My baseline assumption is that these general equilibrium effects and spillovers are
insignificant relative to the partial equilibrium behavioral responses. But future work could incorporate

these responses.

Tax avoidance It is widely believed that much of the behavioral response to taxation, especially
at the upper regions of the income distribution, is due to avoidance behavior as opposed to changes
in labor supply (Saez et al. (2012)). In general, the fiscal externality, F'E (y), includes responses
both from changes to costly avoidance activities or to changes in labor supply. As noted by Feldstein
(1999), one need not know why taxable income is changing as long as individuals are optimizing when
considering their avoidance choices and avoidance involves real resource costs. However, if individuals
are not optimizing — as in Chetty (2009) — or if the costly avoidance activities have externalities
(e.g. charitable donations), then these avoidance activities may need to be incorporated. I leave the

incorporation of these effects for future work.
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4 Estimating the Inequality Deflator

I estimate the inequality deflator across the income distribution by (a) calibrating estimates of be-
havioral elasticities from existing literature and assessing a robustness to a range of estimates and (b)
estimating the joint distribution of income and marginal tax rates using data from the universe of U.S.

income tax returns.

4.1 Joint Distribution of Income and Tax Rates

For the shape of the income distribution and tax rates, I use tax return data from the 2012 IRS
Databank. The Databank contains de-identified information derived from a virtually complete set of
US income tax returns. The use of population tax data allows one to account for a salient feature
of the U.S. tax schedule: filers face different tax schedules depending on their characteristics, such as
marital status and number of dependents.

To capture these differences, assume there exists a set of tax schedules, Tj (o) for j € {1,2,...,J}
and assume individual of type @ faces tax schedule j ().3* In this case, the aggregate fiscal externality

from providing additional resources to all those earning near y* across all tax schedules is given by
FE(y") = E; [FE; (y")]

where F'E; (y*) is given by equation (5) (or equation (6) if the marginal tax rate is constant) and the
expectation is a population average across tax schedules conditional on income level y*. So, if there
are multiple tax rates at a given level of taxable income, one requires estimates of the local Pareto
parameter of the income distribution corresponding to each tax rate, oj. The population data allow

for a nonparametric estimate of the shape of the income distribution conditional on the tax schedule.

Income definitions In keeping with the spirit of using the tax code to redistribute income, I define
income using IRS income definitions. I define y to be the tax return’s ordinary income in 2012, which
equals taxable income (f1040, line 43) minus income not subject to the ordinary income tax (long-term
capital income (line 13) and qualified dividends (line 9b)). Ordinary income is primarily comprised
of labor income, but also includes deductions for things like the number of children and charitable
donations.

In addition to the IRS definition of ordinary income, it will be useful to have a measure of income
that more closely resembles a measure of household or family income. For this, I follow Chetty et al.
(2013) in defining family income as the sum of pre-tax labor and capital income. Formally, it is equal to
adjusted gross income plus tax-exempt interest and the non-taxable portion of social security benefits.

For married families, I sum this measure across spouses.

34For simplicity, I assume individuals do not choose their tax schedule.This assumes changes in taxes do not affect the
number of kids or choice of marital status. Future work could incorporate an elasticity of the choice of tax schedule in
response to targeted transfers at different points along the income distribution.
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Sample I use the universe of 2012 returns from primary filers aged 25-65 and their married spouses,

35

if applicable.”® Following Chetty et al. (2013), I restrict the sample to households with positive

household income. The resulting sample has roughly 95 million filers.

Tax Rates To each tax return, I assign the marginal tax rate faced by the 2012 federal income tax
schedule. The federal rate schedule on ordinary income provides the marginal tax rate for the filer
as long as s/he did not have any additional tax credits, such as the earned income tax credit, and
was not subject to the alternative minimum tax. If the individual was subject to the AMT, I record
their marginal tax rate at the 28% AMT level. If the filer received EITC, I add the marginal tax rate
faced on the EITC schedule using information on the number of EIC-eligible children (filed in the tax
return), filing status, and the size of the EITC benefit claimed. This provides a precise measure of the
federal marginal tax rate faced by each filer on an additional dollar of ordinary income.

In addition to federal taxes, I account for state and local taxes. For state taxes, I assume a constant
tax rate of 5% and account for the fact that state taxes are deductible from federal tax liability when
calculating the total marginal tax rate. For Medicare and sales taxes, I follow Saez et al. (2012) and
assume a 2.9% tax rate for Medicare and a 2.3% sales tax rate. Finally, some states provide additional
EITC benefits ranging from 0-40% of the EITC. To account for this, I assume a 10% “top-up” EITC
rate for EITC filers.36

4.2 Elasticity Calibration

For the elasticities, I construct a baseline specification and two additional specifications with smaller
and larger elasticities. I begin with the baseline specification.

To start, [ assume away intensive margin income effects, consistent with a large literature suggesting
such effects are small (Gruber and Saez (2002); Saez et al. (2012)). Second, I draw upon the large
literature studying the behavioral response to the EITC. Chetty et al. (2013) calculates elasticities
of .31 in the phase-in region (income below $9,560) and .14 in the phase-out region (income between
$22,870 and $43,210). Using the income tax return data, I assign these elasticities to EITC filers in
these regions of the income distribution. Second, for filers subject to the top marginal income tax rate,
I assign a compensated elasticity of 0.3. This is consistent with the midpoint of estimates estimated
from previous literature studying the behavioral response to changes in the top marginal income tax
rate (Saez et al. (2012)). Finally, for those not on EITC and not subject to the top marginal income
tax rate, I also assign a compensated elasticity of 0.3, consistent with Chetty (2012) who shows such
an estimate can rationalize the large literature on the response to taxation.

In addition to these intensive margin responses, there is also significant evidence of extensive margin

behavioral responses, especially for those subject to the EITC. This literature suggests EITC expan-

35T exclude individuals below age 25 because of the likelihood they still live at home and are part of another household.
I exclude people above 65 because they are mostly out of the labor force.

36Choosing alternative values for the state tax rates or the EITC rates do not significantly alter the estimates of the
deflator. It turns out that the primary driver of the shape of the deflator is the Pareto parameter combined with the
assumption of a constant elasticity. As discussed below, the precise characterization of the inequality deflator lines up
with the coarse evidence discussed in Section 3.3.
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sions are roughly 9% more costly to the government due to extensive margin behavioral responses.3”

Therefore, I assume the participation effect in equation (6) is equal to 0.09 for income groups subject
to the EITC.

Above the EITC range, there is mixed evidence of participation responses to taxation. Liebman
and Saez (2006) find no statistically significant impact of tax changes on women’s labor supply of
women married to higher-income men. Indeed, higher tax rates can reduce participation from a price
effect but increase participation due to an income effect. As a result, I assume a zero participation

elasticity for those not subject to the EITC for my baseline specification.

Alternative Specifications In addition to the baseline specification, I also consider two alternative
specifications. First, I consider a high elasticity specification that increases the intensive margin
compensated elasticity to 0.5; Second, I consider a low elasticity specification that reduces the intensive
margin compensated elasticity to 0.1. In both alternative specifications, I continue to assume no income
effects and a participation effect of 0.09 for EITC filers.

4.3 Estimation of Shape of Income Distribution

Translating these elasticities into a measure of the fiscal externality in equation 6 requires estimating
the elasticity of the density of the income distribution at each income level, conditional on the marginal
tax rate, 7;. In practice, there are many factors that lead two filers with the same taxable income
to face different tax rates, such as filing status, EITC eligibility, and subjectivity to the alternative
minimum tax (AMT). The combination of filing status, EITC status (which includes marital status
plus number of qualifying dependents), and AMT subjectivity leads to more than 100 different tax
schedules, each with numerous different marginal tax rates along the income distribution.

I use the universe of income tax returns from 2012 to non-parametrically estimate the shape of the
income distribution, o (y), conditional on the marginal income tax rate in a manner that allows this
shape to vary arbitrarily across tax schedules for the majority of filers. The details of the estimation
are provided in Appendix B. Given these estimates, I construct the measure of the FFE (y) using
equation 6.

Although the precise calculation of F'E (y) relies on estimates of o (y) for each tax rate, Figure 7
provides a picture of the mean value of « at each point in the income distribution (aggregating across
tax schedules). Consistent with findings in existing literature, the elasticity of the income distribution
reaches around 1.5 in the upper regions of the income distribution (Diamond and Saez (2011) and
Piketty and Saez (2012)). However, the Pareto parameter is generally smaller at lower regions of the
income distribution. This suggests that even if tax rates and elasticities were constant across the
income distribution, the cost of providing $1 through the tax schedule will be lower at the top of the

income distribution than at the bottom of the income distribution.

37see Hotz and Scholz (2003) for a summary of elasticities and Hendren (2013) for the 9% calculation
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4.4 Results

Figure 8 presents the baseline estimates of the inequality deflator. The results suggest the cost of
providing an additional dollar to an individual earning y dollars is higher for low-income than for
high-income households. Taking a dollar from the richest person and can be turned in to around
.65/1.15=.57 to a poor person, consistent with the 0.44-0.66 discussed in Section 3.3. However, the
results also illuminate the heterogeneity in this cost across the income distribution. The deflator is
concave for most of the income distribution. This means that the relative cost of redistribution from
median earners to the poor is lower than the relative cost of redistribution from top earners to median
earners. Moreover, the deflator exhibits an increase above the 98th percentile. This suggests that
surplus in the hands of the very rich is valued higher than surplus in the hands of the 98th percentile
of the income distribution. From a positive perspective, this suggests the current U.S. income tax
schedule implicitly values income more in the hands of the top 1% than near the 98th percentile.
Figure 9 assesses the robustness of the estimates to alternative elasticity specifications. Valuing
surplus in the hands of the rich less than the poor is robust across all specifications. Of course, higher
elasticities imply higher costs from behavioral distortions due to taxation. This leads to higher (lower)
costs of redistributing from rich to poor. Also, Figure 9 provides insight into the robustness of the
increase in g (y) at the top of the income distribution. If one believes that the elasticity of taxable
income increases from 0.3 to 0.5 around the 98th-99th percentile, then one cannot rule out that the

deflator is monotonically decreasing in income.
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Finally, across all specifications, the estimates of the deflator are non-negative. This suggests the
existing tax schedule is Pareto efficient: there does not exist an augmentation to the tax schedule that

can make everyone better off.3®

4.5 Family /Household Income Re-weighting

This IRS ordinary income definition corresponds precisely to the conceptual experiment of increasing
the marginal tax rate on labor earnings in order to redistribute income. But, it suffers two drawbacks as
a unit of measurement for welfare comparisons. First, tax returns can correspond to different numbers
of people: some people file jointly as married, others file as as singles. Moreover, the ordinary income
definition adopted by the IRS does not directly correspond to notions of household income often
collected from other sources such as the U.S. Census Bureau.

For a simplified application of the deflator to distributions of household or family income, I con-
struct a modified deflator that corresponds to family income comparisons. For a given type @, let
h (0) denote their household or family income as defined in Section (4.1). For each level of household
income, h, I compute the average value of the inequality deflator for people with household income

equal to h:
g (h) = E[g(y (0)) [h(0) = h] (7)

so that ¢! is the average value of the inequality deflator for individuals with A dollars of family income.

To estimate g/ in equation (7), T construct 100 quantile bins of both household and individual
ordinary income and construct observation counts in each household/individual income combination.
I then construct the conditional distribution of ordinary income given household income, wy 4, so that

g™ (h) is given by the weighted sum:

g" (W) =D gy (0) wy

Intuitively, g/’ (y) is the average cost of providing transfers to those with household income y using
modifications to the ordinary income tax schedule.

Figure 10 presents both the ordinary income and household income-based measures of the inequality
deflator. As one would expect, the deflator is flatter when viewed as a function of household income
quantiles. This is because individuals at the extreme of the income distribution are more likely to
be paired with those towards the interior, generating a slightly flatter slope. However, the general
pattern remains quite similar. There are higher costs of redistributing from rich to poor and lower

costs of redistributing from poor to rich.

38This contrasts with the findings of Bourguignon and Spadaro (2012) using survey data in France that suggests
the implicit weights are non-parisian (i.e. g(y) < 0) in the upper tail of the income distribution. Although it is of
course possible that the French taxation system is above the Laffer curve, one concern with estimates from survey data
is that they have trouble estimating the Pareto parameter in the upper tail of the income distribution, leading to an
over-estimate of the fiscal externality associated with taxation.

32



Inequality Deflator

Deflator

T T T T
0 20 40 60 80 100
Income Quantile

Individual Ordinary Income == === Household Income

Figure 10: Inequality Deflator for Individual (Ordinary) Income and Household Income

5 Applications: Income Distributions

[Using transfers], “it is always possible for the Government to ensure that the previous

income-distribution should be maintained intact” (Kaldor (1939)).

I apply the inequality deflator to neutralize interpersonal comparisons when comparing income dis-
tributions over time and across countries. Motivated in part by the expenditure function analysis of
Kaldor and Hicks original work, it is well-recognized that one should adjust for differences in prices
when making normative comparisons of income (e.g. inflation adjustments over time and purchasing-
power parity adjustments across countries). Here, I use the inequality deflator to adjust for differences
in the distribution of income; this this adjusts for the cost of equating the income distributions. I begin
with an analysis of changes in the U.S. income distribution over time; I then explore cross-country
differences in income distributions.?”

To compare income distributions, one needs to define a conceptual experiment that yields the

surplus function. One could imagine a wide set of possible experiments where people who are at the

39There is a large literature focused on methods for measuring differences in income distributions (see Cowell (2000) for
areview). These methods often assess the degree of inequality using theoretically-motivated orderings such as the Lorenz
ordering and second order stochastic dominance. Building on this literature, the inequality deflator provides an empirical
quantification of the difference in distributions by accounting for the resource cost of neutralizing the differences in income
distributions by modifications to the nonlinear income tax schedule. I illustrate this approach using two applications:
(1) changes in the distribution of income in the US over time and (2) comparisons of the distribution of income across
countries.
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top of the distribution stay at the top of the distribution in the alternative environment; conversely
one could imagine an experiment where people at the top switch with those at the bottom. More
generally, to each individual at quantile « in the status quo world, one can be assigned to a quantile
7 () in the alternative environment, where 7 () is a permutation function on [0,1].%° This generates

surplus,

s" (@) = Qa (r (@) = Qo ()

While there are many potential ways to define surplus for the comparison of two distributions, I will
define the surplus experiment as one that maintains quantile stability, 7 () = «, so that each person’s
relative position in the income distribution is maintained intact.*! This definition minimizes the extent
to which individuals are shuffled around in the economy and has a several nice properties. First, it
generally reduces the size of each individual surplus, which helps make the first-order approximation
for the marginal cost of taxation more appropriate. Second, if one wishes to view the inequality deflator
as a social welfare function in the spirit of the optimal inverse literature, then choosing r (o) = « limits
the extent to which social welfare weights would change in the conceptual experiment. For example,
re-ordering high income individuals with low-income individuals within the status quo environment
would generate positive inequality deflated surplus (but would not change the value for most social
welfare functions). This is primarily because the weights are higher for the low-income individuals
and these weights do not change in the conceptual experiment. Third, and related to the first two
points, choosing r (o) = @ minimizes the estimated surplus of the status quo relative to the alternative
environment (shown in Appendix A.6). Intuitively, having r (a) # « adds an additional redistributive
component to the distributional comparison that has value because of the desire for redistribution;

but is arguably not relevant for making distributional comparisons.

5.1 Income Growth in the US

It is well-known that income inequality in the U.S. has increased in recent decades, especially at the top

of the distribution (Piketty and Saez (2003)). Figure 11 plots several quantiles of the household after-

tax income distribution over time using data from the Congressional Budget Office from 1979-2009.42

“OFormally, r () is a bijection on [0, 1] and if U is a uniform random variable on [0, 1], then X = r (U) is also a uniform
random variable.

41In principle, one should use the after-tax income distribution so that differences in the distributions correspond to
differences in the net incomes that would be obtained by that quantile in the two environments.

42The data is constructed using Table 7 from CBO publication 43373. I take market income minus federal taxes to
construct after-tax income shares across the population. To account for the fact that government spending may have
value, I assign net tax collection back to each household in proportion to their after-tax income. This assumes each
individuals’ willingness to pay for government expenditure is proportional to after-tax income. The CBO also reports
an “after-tax” measure of income that includes government transfers. Unfortunately, the bottom portion of the income
distribution for these transfers disproportionately falls on the non-working elderly, through social security and Medicare
payments. Since these would be affected by modifications to the nonlinear income tax schedule, I do not use this measure
of income. I also do not make adjustments for local taxes (e.g. property taxes), since a spatial equilibrium model would
predict these taxes would be associated with greater public good benefits and local amenities. Of course, future work
could conduct the present analysis using any particular surplus function that is of interest. For example, in Appendix
C, I conduct a similar analysis using the pre-tax income distribution using Census data going back to 1967. This would
be a valid measure of the social cost of increased income inequality if the value of non-market goods were proportional
to the tax revenue one paid. This is a potentially plausible model, but the natural benchmark is the case in which the
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Figure 11: Income Distribution by Quintile

As is well-known, incomes have increased significantly in the top portions of the income distribution,
especially the top 20% and top 1%; in contrast, income for the bottom 80% has experienced smaller
growth.3

Here, I use the inequality deflator to calculate how much richer all points of the income distribution
would be relative to a given previous year if the tax schedule were augmented in order to hold changes in
income inequality constant over time. Let Q) () denote the a-quantile of the 2012 income distribution;
let Q; (o) denote the a-quantile of an alternative income distribution in year ¢. I define the inequality

deflated difference in household income by
1
57 = [ 1Qu(@) = @i (@)1 (@ (@) da

where g7 (y) is the inequality deflator constructed in the status quo. Intuitively, S/? is the first-order
approximation to the amount by which the U.S. would be richer in 2012 relative to year t if the
2012 income tax schedule were augmented in to hold constant the changes to the income distribution

relative to year t.

non-market goods are valued proportional to after tax income.

431 construct the after-tax income series by taking market income minus federal taxes. I then add the difference
between aggregate market income and after tax income (i.e. government spending/production) by assuming it is valued
proportional to after-tax income; results are generally similar with other assumptions of the value of public expenditure
across the income distribution.
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Figure 12: Raw and Deflated Household Income Change Relative to 2009 (All Income deflated to 2009
dollars using the CPI)

To construct an estimate of inequality deflated growth in 2012 relative to previous years, I use
the CBO data from 1979-2009, appended with Census data from 2009-2012.%4 Figure 12 reports the
change in mean household income (dashed blue line), along with the inequality deflated change in
household income under the baseline specification and two alternative elasticity specifications. Mean
household income has increased by roughly $18,300 relative to 1980, but inequality deflated growth has
increased $15,000 under the baseline specification ($13K and $17K under the high and low elasticity
specifications, respectively). From a normative perspective, this lowers the overall growth rate of
the U.S. economy by roughly 15-20%: if the US were to make a tax adjustment so that everyone
shared equally in the after tax earnings increases, roughly 15-20% of the growth since 1980 would be
evaporated.

Figure 13 provides an estimate of the social cost of increased income inequality. To do so, I

multiply the per-household social cost by the total number of households in the U.S.#’ This suggests

441 translate the CBO data from 2009 dollars to 2012 dollars using the CPI adjustment of 1/1.07. For 2009-2012, I use
IPUMS CPS micro-data to construct after-tax income measures analogous to the CBO data. In particular, I take total
household income including government cash transfers and EITC, minus federal and state taxes. In practice, the Census
data from 2009-2012 exhibits only minimal trends, and thus the social cost of income inequality from 1980-2012 is almost
identical to that of 1980-2009. However, one potential bias is that Census data under-states income accumulation in the
upper tail of the distribution (Piketty and Saez (2003)) and perhaps the recent recovery has been concentrated at upper
regions of the income distribution (e.g. because of the stock market recovery). To this extent, the cost of increased
income inequality is an under-estimate of the true cost.

45The census reports 117.6K households in 2009, with an annual increase over the years 2006-2009 of roughly 500
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Figure 13: Social Cost of Increased Income Inequality

the social cost of increased income inequality since 1980 is roughly $400B. From an equivalent variation
perspective, undoing the increased inequality would cost roughly $400B; from a compensating variation
perspective, if the U.S. had not experienced the increased inequality, it could have replicated the social
surplus provided by the 2012 after tax income distribution even if aggregate economic growth were
$400B less than actually occurred. Of course, these numbers depend on the behavioral responses to
taxation — if one believes taxes are more distortionary (e.g. a compensated elasticity of 0.5), then the

social cost of increased income inequality is in excess of $600B.

5.2 Comparisons of Income Distributions: Cross-Country Analysis

It is often noted that the U.S. has a higher degree of income inequality than many other countries of
similar income per capita levels. This section uses the inequality deflator to ask how the US compares
to these other countries after “controlling for” the differences in the income distribution. Given the
income distribution of another country, comparisons using the inequality deflator answer the following
hypothetical question: suppose the US were to adjust its income distribution using the tax schedule to
make it look like the distribution of income in the other country. Would everyone be richer or poorer
in the US? And by how much?

To implement these comparisons, let Qo («) denote the a-quantile of income in the U.S. and Q, («)

households, implying roughly 119K households in 2012.
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denote the a-quantile of the income distribution of country a. I consider a comparison between the
two countries where income ranks are held fixed so that the surplus function is given by s(0) =
Qa (@ () — Qo (e ())."°

The inequality deflated surplus associated with the income distribution in country a is given by

1
SIP — /0 Qu () — Qo ()] 0" (Qo () da (8)

Often, country income inequality data is available as the share of income accruing to each quantile of
the income distribution (often this is used to construct a Lorentz curve). To this aim, one can express

the inequality deflator as

! Qa (@)
0o Ye

1
Qo (a)gH

SC{D —yoe YO

9" (Qo () da — Y° (Qo (@) dav

Qa(a)
vya

the o quantile of the distribution relative to mean income (and can be computed from income shares of

is the income at

where Y? is mean income in country a and Y is mean income in the US, and

each quantile).*” Note that if the two countries have the same distribution of income (as measured by

the ratios of quantiles @, to mean income, Y'*) then a comparison of surplus between the two countries

can be conducted using solely the difference in mean incomes. More generally, fol Q;(aa) g (y(a))dais

48

a deflation factor that neutralizes distributional comparisons across countries.
I estimate these deflation factors using data from the World Bank Development Indicators and UN
World Income Inequality Database. These databases aggregate information from household surveys
within each country and provide the share of income accruing to each quintile or decile of the household
income distribution.*® For each country, I take the most recent survey providing information on the
distribution of income and limit the analysis to countries for which surveys are available post-2000.
This yields a sample of 130 countries.
For each country, I construct an approximation to the deflation factor using these quintiles or
deciles
' Qa (@)
0o Ye

Ng
9y (@) da= Z 5q9q
q=1

460f course, this hypothetical comparison of distributions assumes the difference in incomes is the surplus, and abstracts
from any other differences in leisure, public goods, amenities, etc. that could make welfare higher in one area than another.
4TBecause data on income distribution is generally at the household level, I use the household income deflator, g .

“Note that both have mean 1, therefore, fol Q;’,'i(f)gH (Qo () = 1+ cov (% g (Qo (a))) Intuitively, we deflate

income to the extent to which surplus falls more heavily on the rich. Note that this covariance is zero if either (a) it is
costless to redistribute across the income distribution (g (y) = 1) or (b) there is no income heterogeneity, y (o) = Y.

“®0One downside of these surveys is that they often under-state the incomes accruing to the top of the
income distribution.  Although the World Top Incomes Database of Piketty and Saez (http://topincomes.g-
mond.parisschoolofeconomics.eu) contains information on top incomes for the top deciles, they do not provide the top
quintile incomes, which would be required to adequately merge these with the income distribution estimates by quintile.
Hence, I do not perform adjustments to the World Bank Development Indicators or the UN WIID database. Because
the US has relatively higher income shares in the top 1% relative to other countries with similar income levels, this
likely understates the degree to which the U.S.’s relative position in the world income distribution drops when deflating
incomes using the inequality deflator.
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Figure 14: Deflation Factor by 2010 GNI

9
where g, = |, q]iql g (y (a))da is the average deflator for income in the qth region of the income dis-
Ny

tribution and ]izfq = 5 for countries with quintile information and N, = 10 for countries with decile
information. And, s, = 3= E [Qa (o) |% <a< NLJ is the average income of individuals in the gth
region of the income distribution relative to mean income, Y.

In addition to the data on inequality, I also utilize data on the mean incomes in each country.
Here, I use data from the World Bank Development Indicators, which provides a measure of gross
national income per capita in 2012.%°

Figure 14 plots the deflation factors, fol Q{“/i(f) g™ (Qo (@) dav, for each country relative to their gross
national income (GNI) per capita in 2012. In general, richer countries tend to have less upper tail
inequality and hence have higher deflator adjustment factors. A notable exception is the US, whose
deflation factor is below 0.9. Reflecting its larger degree of income inequality, the US is an outlier in
the relationship between the deflation factor and income level.

To illustrate how this higher deflation factor translates into cross-country comparisons of income
distributions, Figure 15 plots deflated surplus against the GNI per capita of each country within
$10,000 of the U.S. GNI per capita. The dots represent the estimates for the baseline specification
and the brackets plot the estimates for the low and high elasticity specifications.

5In principle, one might prefer to use measures of household income, rather than income per capita. Using GNI
per capita induces bias to the extent to which countries differ in their distribution of household size across the income
distribution.
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Inequality Deflated Surplus vs. 2012 GNI Per Capita
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Figure 15: Inequality Deflated Income vs. GNI Per Capita

The results suggest that a couple of cross-country comparisons based on mean incomes are reversed
when using the inequality deflator to control for differences in inequality. The U.S. is richer in mean per
capita terms than Austria (AUT) and New Zealand (NLD) by roughly $2,000. However, the inequality
deflated surplus is positive for both countries ($227 for the Netherlands and $366 for Austria). Despite
it’s higher income level, it is not possible for the U.S. to replicate the income distributions in these
countries under the baseline elasticity specification. Under the high elasticity specification, Finland’s
income distribution has positive inequality deflated surplus, even though it has $3,180 less in per
capita national income.

However, the broad pattern in the data suggest that the difference between inequality deflated
surplus and total surplus does not completely change the ordering of countries. For example, the US
remains richer than Belgium, Germany, and France (in terms of inequality-deflated surplus) for all
elasticity specifications. So, adjusting for differences in income inequality leads to some reversals in
the ordering of income distributions, but the results suggest that comparisons generally follow fairly

closely to mean income per capita comparisons.

6 Welfare Analysis of Public Expenditure

The previous section illustrated a social cost of inequality; a dollar of surplus that falls to the poor is

more valuable than a dollar that falls to the rich. This section explores the policy implications. On the
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one hand, the inequality deflator suggests a bias towards “pro poor” policies. But, when considering
policy experiments, there is an important counteracting force: policies that conduct redistribution
may have similar fiscal externalities to those induced by changes in the income tax schedule; indeed,
because the rich face higher marginal tax rates, their fiscal externalities can be larger than those of
the poor.

This section walks through two conceptualization of policy experiments, and provides examples of
how the inequality deflator can be used to make normative policy statements based on the potential
Pareto principle. First, one can imagine a budget neutral policy experiment that delivers surplus,
5(0), to each person 6. Second, one can imagine a non-budget neutral policy experiment that delivers

surplus, s(6). I begin with the case of budget neutral policy experiments.

6.1 Budget Neutral Policies and Producer vs. Consumer Surplus

If s (6) corresponds to a budget neutral policy experiment, then measuring inequality deflated surplus
characterizes the existence of potential Pareto improvements (where if there is heterogeneity condi-
tional on income, one needs to use max/min surplus). Of course, in many practical examples, the
groups of people affected will often be aggregated. For example, perhaps an economist has estimates
of the impact of a merger on surplus across the income distribution. For example, suppose producer
surplus falls solely on the top 1% and consumer surplus falls evenly across the income distribution.
The inequality deflator would suggest one should weight producer surplus at 0.77 relative to consumer
surplus at 1:
S'P =0.778" + 5¢

So, although it is commonplace to apply a “consumer surplus standard” to merger policies (e.g. Nocke
and Whinston (2014)) on distributional grounds, the inequality deflator suggests one should give
substantial weight to producer surplus regardless of one’s social preferences, even if all producer
surplus falls to the top 1%.

Of course, this is a weighting that applies to the U.S. regulatory policy. In other countries, the
stringency of merger approvals should depends on the magnitude of their cost of redistribution. For
example, some have argued that the top tax rate in France is at or above the revenue-maximizing
level (Bourguignon and Spadaro (2012)), which suggests the French inequality deflator is close to zero
in the upper regions of the income distribution. In France, a consumer surplus standard for merger
approval may be optimal.

Finally, it cannot be understated that the preceding analysis relies heavily on the assumption that
the economist has constructed surplus, s (6), from a budget neutral policy. For example, approving
mergers that increase incomes of the rich may cause them to increase or decrease their taxable income
— these effects would need to be incorporated into the policy. However, in many cases it will be useful

to have a method of analysis for non-budget neutral policies. It is to this I now turn.
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6.2 Non-Budget Neutral Policies

Now, consider a policy that is non-budget neutral. In particular, imagine that the policy increases
government spending by $1 on G. G could be any item of the government’s budget, including public
goods (e.g. roads, public transit, schools), R&D subsidies (e.g. tax credit to multi-national companies,
SBA loans that provide credit to those with disadvantaged status, etc.), targeted conditional transfers
(e.g. food stamps, housing subsidies, mortgage interest deductions, etc.), education vouchers, or other

taxes/subsidies (e.g. capital taxes, commodity taxes, corporate taxes, etc.).

6.2.1 Searching for Pareto Improvements

Given the policy, each individual, 6, has a marginal willingness to pay, s (#).%! In practice, estimation
of this willingness to pay could be quite difficult. For example, an individual’s marginal willingness to
pay for a change in the corporate tax policy depends upon the precise incidence of corporate taxes. For
the present purposes, I imagine the economist has constructed these measures of individual willingness
to pay; and I consider the question of aggregation across individuals.

To do so, I construct a generalized “benefits principle” (Hylland and Zeckhauser (1979), Kaplow
(1996, 2004, 2006, 2008); see Kreiner and Verdelin (2012) for a summary). To search for potential

Pareto improvements, one can construct the minimum and maximum surplus functions from above,
5(y) =sup{s(0) |y (0) = y}

s(y) =inf{s(0) |y (0) = y}

In addition to each individual’s willingness to pay, the additional spending has a total marginal
cost given by
Cost =1+ FE©

which includes not only the $1 mechanical increase in the cost of G, but also the aggregate fiscal
externality, FEY, per dollar of mechanical government spending.

When can additional spending on G result in a potential Pareto improvement? Imagine the
government provides transfers so that everyone with income y obtains s (y) of benefits. Doing so will
be feasible if and only if

[+ FE@)s@)aF @) > 1+ FES (9)
Fiscal Costs

Taxed Benefits
where F' (y) is the distribution of income in the status quo world. If equation (9) holds, the government
can tax all the beneficiaries and compensate the losers so that everyone is better off from additional
spending on G. Conversely, when does less spending on G result in a potential Pareto improvement?

Now, the government must compensate —3 (y) at each income level and the policy has a marginal cost

5'For example, if individuals have utility functions u (c,y, G; @) and the policy changes G by dG () for each type, then
Du
s(0) = 924G (8).

u

dc
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of — (1 + F EG). So, a potential Pareto improvement from less G occurs if and only if

/(1 +FE®)5 () dF (y) < 1+ FEC (10)
Fiscal Costs

Taxed Benefits

Equations (9) and (10) characterize when there exists modifications to non-budget neutral government
policies that can be combined with modifications to the tax schedule to deliver a Pareto improvement.
Note that the LHS of these equations is very close to inequality deflated max and min surplus, but
differ to the extent to which there are income effects so that the aggregate fiscal externality of a
lump-sum tax is not 1. Intuitively, these equations are making welfare comparisons using dollars
in the hand of the government; whereas the inequality deflator divides by E[1 4+ FE (y)] so that it
corresponds to an experiment that holds money in the hands of the population. In practice, I estimate
E[1+ FE (y)] =~ 0.98, so that one can generally think of the LHS of these equations as max and min
deflated surplus.

Relation to Samuelson (1954) Equations (9) and (10) provide modified Samuelson condition
(Samuelson (1954)) that accounts for the distributional incidence of the policy change without requiring
a social welfare function. Instead, one needs to construct the inequality-deflated surplus (or min/max
surplus), which requires knowledge of individuals’ willingness to pay for the policy change, s(0),
and the aggregate fiscal externality of increasing G, FE®. The fiscal externality component does not
require a decomposition of behavioral responses into income and substitution effects (Hendren (2013)).
As a result, these equations provide a welfare framework that not only does not require a social welfare
function, but also only requires estimates of the willingness to pay for the policy and the causal effects
of the policy, both of which are generally the focus of empirical work.

Implicitly, equations (9) and (10) are comparing the increased spending on G to the distortionary
impact of the tax schedule. Indeed, it is straightforward to verify that if G is a modification to the
ordinary income tax schedule, then [s(y)dF (y) = [5(y)dF (y) = 1 and FEY = [ FE (y) s (y), so
that both equations (9) and (10) hold with equality. Intuitively, the potential Pareto criteria leads to

indifference over the shape of the current income tax schedule.??

Remark 1. (Indifference to changes in T (y)) Unless there are local laffer effects (so that g (y) < 0 and

FE (y) <0), modifications to the income tax schedule cannot generate potential Pareto improvements.

Relation to Hylland and Zeckhauser (1979) and Kaplow (1996, 2004, 2008) More generally,
whether one prefers policies that provide benefits to the poor or to the rich depends on the fiscal
externality of the policy change, FE®. One special case that has been noted in the literature is when
spending on G has the same fiscal externality impact per unit of welfare provided as does changes in

the income tax. In this case, one recovers a traditional Samuelson condition.

52Unless FE (y) < —1, so that modifications to the existing tax schedule led to a Pareto improvement.
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Remark 2. (Un-weighted Samuelson condition) Suppose increased spending on G has a distortionary
impact on tax revenue similar to changes in the income taz schedule (i.e. FE® = [ s(0) FE (y (0))du (6)).
Then, if benefits do not vary conditional on income, additional spending on G generates potential
Pareto improvements if and only if

/s(@)d,u(e) >1

If surplus varies conditional on income, then additional spending on G generates potential Pareto
improvements if and only if [ s(0)dp (0) > 1 and taz schedule modifications in the status quo generate
a potential Pareto improvement relative to spending on G if and only if [5(0)du (6) > 1. In all cases,

one weights surplus equally on the rich and the poor.

If spending on G has the same distortionary impacts on taxable behavior as does changes to
the nonlinear income tax schedule, then whether one wishes to provide additional G depends on the
aggregate (unweighted) willingness to pay for the public good relative to its cost (also known as a
“standard” Samuelson condition). This result has been derived in existing theoretical work (Hylland
and Zeckhauser (1979); Kaplow (1996, 2004, 2008)) under the special case in which G and c are
weakly separable in the utility function from .53 If weak separability holds for the utility function,
then Remark 2 generalizes this result to show that one only require that, on average, the fiscal
externality induced by changes in G is similar to the fiscal externality of an analogous change in
the tax schedule. If G’ has the same distortionary properties as changes in the income tax schedule,
individuals’ (unweighted) aggregate willingness to pay characterizes whether additional spending is
desirable.

Importantly, the cost-benefit equations ((9) and (10)) provide a generalization of the benefits
principle to the case where GG is not weakly separable and the fiscal externalities associated with the
provision of G are systematically different from changes in the tax schedule. Fortunately, these cases
are handled by simply comparing the inequality-deflated benefits to the aggregate costs, inclusive of
the fiscal externality. For example, the empirical literature on the provision of in-kind transfers often
finds minimal impacts of such transfers on labor supply. Often, this is interpreted as suggesting that
in-kind redistribution may not be superior to redistribution through the tax schedule (Currie and
Gahvari (2008)). But, the the absence of a negative fiscal externality from in-kind transfers suggests
a rationale for redistribution through in-kind transfers, as opposed to redistribution through the tax
schedule, which entails a fiscal externality. If FES = 0, then clearly one wishes to weight the surplus

to the poor more so than to the rich.

Remark 3. (Tagging/screening) The social value of targeted publicly provided goods which do not induce

behavioral responses that affect tazable income®® is higher for the poor relative to the rich.

®Under weak separability, one can show that FE® = [FE®(y(0))du(f) where FE®(y) =
El[s() FE(y(9))|y(#) =y]. Remark 2 shows that this condition need not hold for all y, but rather can hold
only on average.

54 For example, this would be true if the policy affects goods which are additively separable in the utility function,
Y (P) 4+ u(c,y;0) so that P does not affect labor supply.
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6.2.2 Targeted Non-Budget Neutral Policies

In many cases, government policies are targeted at fairly specific regions of the income distribution.
In these cases, I illustrate how the analysis can be simplified even further. Suppose the increased
spending of $1 on G is targeted solely to those earning near a given income amount, y. Let s(y)
denote these individual’s willingness to pay for the additional spending on G, and assume for the
moment that this is homogeneous conditional on income. Now, let 14+ FES denote the aggregate cost
of spending these resources on G. One can construct the marginal value of public funds (MVPF as in
Hendren (2013)°°) of additional spending on G as the individuals’ willingness to pay for G divided by

its cost
s (y)
1+ FEG

This is a simple cost-benefit measure of the value of the additional government spending.

MV PFg =

Given the MVPF, one can compare it to the cost of providing the same welfare benefits to these

individuals, except through modifications to the income tax schedule:

1
MVPFT™ (y) = —————
W =1 FE()
These individuals value the transfer at $1 and it has a cost of 1 + FFE (y), where FFE (y) is the
fiscal externality associated with providing the additional transfer to those earning y. Given these

definitions, additional spending on the targeted policy G yields a Pareto improvement if and only if

s(y) 1
1+ FEG = 1+ FE(y)

Example Figure 16 provides an illustration of this approach using the MVPF for several policies,
taken from the calculations in Hendren (2013)). In particular, I include the MVPF from Section 8
housing policy, drawing upon estimates of the fiscal externality from the causal effects in Jacob and
Ludwig (2012); Food stamps drawing upon estimates of the labor supply fiscal externalities from
Hoynes and Schanzenbach (2012); and the job training partnership program, drawing upon estimates
from Bloom et al. (1997).

For each of these policies, I take their implied MVPF (from the calculations in Hendren (2013)) and
plot them at the mean income of their program participants.?® Each of these point estimates have wide

standard errors. So one should use caution before making precise policy prescription.’” Importantly,

55This measure of the MVPF was originally defined in Mayshar (1990), and subsequently used by Slemrod and Yitzhaki
(2001) and Kleven and Kreiner (2006).

56The estimate of the MVPF for food stamps comes from the introduction of food stamps in the 1960s and 70s. I
translate the beneficiaries’ mean incomes in the samples of Hoynes and Schanzenbach (2012) to 2012 dollars. But, one
should keep in mind that the food stamp program today affects a larger fraction of the population and reaches a further
up the income distribution.

5TFor example, one cannot reject that the MVPF for Food Stamps and Section 8 equals 1; also, there is considerable
uncertainty about individuals’ willingness to pay for the JTPA. The MVPF for the JTPA in Figure 16 assumes individuals
valued the program at its cost. But, this would understate the MVPF if individuals valued the benefits at their observed
earnings increases; it would overstate the MVPF if individuals did not value the program’s benefits (which is plausible
because it was a heavily subsidized program). See Hendren (2013) for a further discussion.
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Figure 16: MVPF Comparison

the key limitation to providing policy prescriptions is the quality of the causal effects and measures
of individual willingness to pay for policy changes, not the need to resolve interpersonal comparisons
or decompose behavioral responses into income and substitution effects (which would be required for
computing, e.g., a measure of the “deadweight loss” associated with these policy changes).58

If the willingness to pay for the policy change is not heterogeneous conditional on income, then
additional spending on G delivers a potential Pareto improvement iff it has a higher MPVF than
the corresponding MVPF for transfers through the tax schedule, as illustrated in Figure 16. Con-
versely, less spending on G delivers a potential Pareto improvement iff it has a lower MVPF than the
corresponding MVPF for the tax schedule.?

While the canonical Kaldor-Hicks compensation principle compares policies to the efficiency of
lump-sum transfers, Figure 16 provides a graphical method for comparing policies to the efficiency

of modifications to the income tax schedule. This implements a welfare framework based on feasible

8See Hendren (2013) for a further discussion of the difference between the MVPF and deadweight loss or the traditional
measures of the marginal cost of public funds (MCPF).

591f willingness to pay is heterogeneous conditional on income, then one can construct minimum and maximum MVPFs
using s (y) and 5 (y). Alternatively, if the researcher cannot estimate such heterogeneity in the willingness to pay but
suspects it may be an important component of the policy analysis, then the degree to which the MVPF falls below the
tax schedule reveals the implicit cost of providing benefits to individuals who benefit from G as opposed to providing
transfers. Hence, one can have a back-of-the-envelope estimate of the size of the “covariance bias” term in Corollary 2,
which reveals how society is implicitly willing to transfer resources to beneficiaries of G relative to an income transfer to
those earning y.
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redistribution through the tax schedule. The resulting recommendations do not rest on the subjective
choices made by the researcher to resolve interpersonal comparisons. Rather, they rest on the capability
of the researcher to estimate measures of individual willingness to pay for the policy and the causal

effect of the policy on the government’s budget.

7 Conclusion

The inequality deflator provides a method for resolving interpersonal comparisons that does not require
a social welfare function. Building on the Kaldor-Hicks compensation principle, it provides a method
for comparing environments using the Pareto criteria combined with hypothetical modifications to
the nonlinear income tax schedule. Existing empirical evidence suggests distortions in the tax system
make transfers from rich to poor roughly twice as costly as transfers from poor to rich. Therefore, the
inequality deflator weights surplus accruing to the poor roughly twice as much as surplus accruing to
the rich to account for the cost of spreading these benefits equally across the income distribution.

There are many potential directions for future work. One could extend the set of feasible transfers
beyond the income tax schedule to also include other policies (e.g. augmentations to both the income
tax and the generosity of social safety net programs such as Medicaid). Such an approach may
provide better guidance in cases where surplus varies conditional on income and provide tighter bounds
for searches for Pareto improvements in cases with heterogeneity conditional on income. Further
analysis could also incorporate other constraints to feasible redistribution, such as political economy
constraints, and attempt to incorporate these additional shadow prices into the cost of redistribution.
From an econometric perspective, the present analysis highlights the importance of estimating not
only the average willingness to pay for policy changes, but also its weighted average across the income
distribution (i.e. inequality deflated surplus), and properties of its minimum and maximum conditional
on income.

By relying on the potential Pareto criterion, the inequality deflator provides a welfare criteria that
avoids the inherent subjectivity of the social welfare function approach. In the end, we can all disagree
about the extent to which society should redistribute from those with high to those with low incomes.
But, hopefully the inequality deflator can help us reach general agreement on the desirability of a wide

range of other policies that require a resolution of interpersonal comparisons.
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Appendix

A Proofs

A.1 Proof of Proposition 1

Recall i (6) is the probability over the type space © and F (y) is the cumulative distribution of income
in the status quo, F (z) = [1{y (#) < z}du(0). Recall I have defined T (y;y*, e,m) by

T T@) iy E (St
T (y;y",€,m) = ) , =3 5)
T(y) —n ifye(y -5y +5)

so that 7' provides n additional resources to an e-region of individuals earning between y* — ¢/2 and
y* + €/2. Now, we need to consider the marginal cost for a fixed e. We let ¢ (y*, €,17) denote the net
government resources expended under policy T (y;y*, €,m) of the policy on the government’s budget.
Given the tax schedule, 7' (y;y*,€,m), let 5 (0;y*, €,m) denote the individual €’s choice of earnings, y.

The net resources expended is given by:

-1
Fy+35) - Fly -

/T@ (0%, em) s exm) da (6)

) Jo

and now we wish to evaluate this derivative wrt n at n = 0.9 WLOG, we can assume § (y*,¢,0) = 0.

iy en) =

[\l

A.1.1 Continuous Responses Only

To begin, I assume there is no participation margin response. Specifically, I assume that preferences are
convex in consumption-earnings space so that g (6; y*, €,n) is continuously differentiable in 7. Below,
I add back in extensive margin responses, so that ¢ can move from 0 to interior earnings points in
response to a change in 7.

Of course, individuals may have different curvatures of their utility function. To capture this,
define ¢ (y; 6) to be the individual #’s indifference curve in consumption-earnings space at the baseline
utility level. Given an agent 0’s choice y (6) facing the baseline tax schedule T (y), the indifference

curve solves
u(c(y;0),y;0) =u (T (y(0) —y(0),y(0);0)

50The main goal of the analysis will be to characterize the marginal cost of a policy. But, for relationship to the social
welfare function, note that the envelope theorem suggests that the welfare impact of the policy is given by

i 1 (- s} @i

where ¢’ () is the social marginal utility of income at 6 and dF () is the measure of individuals at 6.
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Note that the individual’s first order condition requires:
(y(0);0)=——"=1-T"(y(9)) (11)

so that the slope of this indifference curve equals the marginal keep rate, 1 — T".

In addition, the curvature of this indifference curve governs the size of the fraction of people who
change their behavior in order to obtain the transfer, . Let k (6) = ¢’ (y (0) ;) denote the curvature
of the indifference curve of type 6 in the status quo world. First, consider those whose baseline income
is just above y* + § but the opportunity to obtain the n transfer induces them to drop their income
down to y* + §. For individuals with curvature k, a second-order expansion of ¢ (i.e. first order
expansion of ¢’) shows that anyone between y* 4+ § and y* + § 4+ (n; k) will choose incomes at y* + §,

where ~y (n; k) solves
2
v (772, )"

or

2n
v (s k) = -

Similarly, for individuals with curvature k, those with incomes between y* — § — v (n; k) and y* — §
will choose to increase their incomes to y* — 3.

Given these definitions, one can write the budget cost as the sum of four terms:

/T(Q(G;y*,e,n);y*,e,n)duw):A+B+C+D+o(n)
0

o(m) _

where lim,_,o . (so that Z—f]|n:0 = 0, so that one can ignore this term in the calculation of

Ey=o)
dn n=0/-
The first term, A is the mechanical cost that must be paid to all those who receive the n transfer.

A=n/1{y(9)€ (y*—g—,/,j’;),yu;ﬂ/ﬁ’;))}du(e)

The second term is the cost from those with baseline earnings above y* + § who drop their income

down to y* + 5,

B:/(T(y*+§) —T(yw)))l{y(e)e (y*+;y*+§+ ,%)}du(ﬁ)

And, conversely, the third term is from those with baseline earnings below y* — § who increase their

incomes to y* — §,

C=T<y—;>/[y(9)—(y*—;)}l{y(@e (y*—;— %w*—é)}du(@)



and finally the fourth term is the income effect on earnings for those with baseline earnings in the

e-region near y*,

D=/[T(@<9;y*,e,n))—T(y)]l{y(é’) € (y*—;y*+§>}du(9)

The remaining term, o (1), captures the bias from approximating the B and C terms using the second-
order expansion for ¢ (y; ).

Clearly,

d [IQT(Q (059 e,m) 5y, €,m) dp (6) dA dB dC dD
dn lp=0 = d777|":0 + %M:O + %M:O + CTn|n=0

I characterize each of these terms. After doing so, one can divide by F (y* + %) - F (y* — %) and take

the limit as € — 0 to arrive at the expression for lim._,q g—f’]|n:0.

Characterizing %M:O First, I show that %]nzo =F (y* + %) - F (y* — g)
To see this, first write A by conditioning on k (). Formally, recall that p (6) is the measure on the
type space. Let g, (0]k) denote the measure of 6 conditional on having curvature & (i.e. ¢’ (y (9)) = k)

and let ju (k) denote the measure of those having curvature k.5% Then,

. € 2n . € 2
A:—n// 1{y<e>e (y —5 -\ T +2+\/;)}dua|k<e\k<0>=k>duk<k>
kJok
Taking a derivative yields
A _ gy )2 Y LU SR LTI B SR v €[ L
i F<y +5 k>+F<y 5+ k) /kn[fyk(y tot kl’f) ok fyk(y 5 kk) an]dﬂk(k)

where f, 1 (y|k) is the density of y (0) given k (0). Note that one can re-write the second term in a
manner that makes it clear that it is proportional to |/7:

dA _ pfprri€_ /% s _ € [ _ S U B «_E_ [ 1
e F<y +5 k>+F<y 5+ k) \/ﬁ[/k[fyk@ +o+ k|k> o fy|k<y 5 kk) Qk]d#k(k):|

Therefore, evaluating at n = 0 yields

o = [ -]

5'In other words, for any function of the type space and level of curvature, (6, k (), we have

/ / r (0, (9)) dptoys 01k (0)) dp. (k (8)) = / " (6,% (6)) du (6)

so that we can either integrate over § (RHS) or we can first condition on curvature (and integrate over 6 given curvature
k (#)) and then integrate over curvature, k (0).
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Characterizing %]n:o To see this, note that

- - ;/k/e|k(T(y*+;)T<y<e>>)1{y<9>e<y*+ s +\/Z>}duek<e|k<> ) dra ()
A(T(y*+;)T<y+ +[))\ny|k<y+ +\/7Ik:)duk

which follows from differentiating at the upper endpoint y* + § + 2?77 after conditioning on curvature

k. Re-writing yields

* € * € 2
w TR, L
@ - S ) du (ke
a /k = Lok (V7 + 5 |k | du (R)

Now, evaluating as 7 — 0, we have
dB Fy (" + 51%)
il T’ * % k
o +5) / . ()
<y+2> [k(a)‘y() vty f<y+2>

so that tax revenue is decreased by individuals decreasing their income down to y* + § in order to get

the n transfer.

Characterizing dC|77 o Analogous to the calculation for %]nzo, it is possible to show that
dC € 1 € €
r -5 e[ 5] (-
!no U {k(g)\y() y 2]fy 5
so that tax revenue is increased because individuals move from below y* — § up to y* — § in order to

get the n transfer.

Characterizing %M:O Finally, I show that

dD € dy € €
o F< —>—F< ——)}E Wy 0)) |y (0) € [y — &,y f}
== F (v +5) - F (v FCIONO R N
so that %M:g is proportional to the average income effects near y*.
To see this, note that we have

T = i Jra-rwi{yee (-5 5)are

Note that for these individuals in the e region near y* they only receive an income effect from the
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policy change. Therefore, we have
dD B , dy . € . €
a0 = /T (9(9))dn\n:01{y(0)€ (v — 5 +2)}dF(9)

where %MZO is the effect of an additional dollar of after-tax income on labor supply. One can define
the income elasticity by multiplying by the after-tax price,

CO) = (1T () j?;m:o

so that

e b oo CRCC R G RS I

Taking ¢ —» 0 Now, to take the limit as ¢ — 0, note that

v+ o) B {L\y(e) :y*-i-E} Py +2)+7 (v -2)E [#\ym:y*—f} F(v=3)

dB dc
( 2 k (0) 2 2 2 k (0) 2

@B o+ =1
dn\n 0+dn\n 0

so that

o e )(fT'(y*+;)E[k+,)\y<0>:y*+g]f(y*+g)+T’(y*fg)E{ﬁme):yHg]f(y*f;))

H0<F(yw—§) - F (v - 5)

or

iyt ([ [0 =] 1))

Now, note also that

_dA [
. dn 1M1=
lim 1

=1
OF (v ) —F (v~ 5)

and

_Q‘
lim dn [ =0
SOF (y+5) = F(y =)

which is given by the average income effect at y* multiplied by the marginal tax rate.

=1 ") B | P ol 6) = v

Combining,

o dg(yten), 1 d / 1 _ T'(y) _
tng ATt [T VB |l ) =] 1) - 2B @)l6) =

Replacing curvature with compensated elasticity Now, note that the curvature, k, is related

to the compensated elasticity of earnings. To see this, note that

d(y(0);0)=1-7
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where 7 is the marginal tax rate faced by the individual, 7 = T (y (0)). Totally differentiating with
respect to one minus the marginal tax rate yields
=1

wwwnﬂffﬂ

where d(‘fy;) is the compensated response to an increase in the marginal keep rate, 1 — 7. Re-writing,

dy° 1

d(l1—71) < (y(9)

Intuitively, the size of a compensated response to a price change is equal to the inverse of the curvature
of the indifference curve.
Now, by definition, the compensated elasticity of earnings is given by
dy¢  (1—7) 1 1—-71

CO=T0-7 0 7w v

" RPN
k) = 0)

where €€ (0) is the compensated elasticity of type 6 defined locally around the status quo tax schedule.
Replacing ﬁ in the main equation yields

dq (y*,e,m) 1 d

_ d T’ (y)
=0 =1+ f ") dy‘y:y*

;
o 1—1T"(y)

e—0 dn

[T’ (y) E |:ec () EC0) |y (6) =1y

A.1.2 Adding a Participation Margin

Heretofore, I have ignored the potential for extensive margin responses. Put differently, I assumed
everyone’s intensive margin first order condition (equation (11)) held. Now, I assume that individuals
may also move in and out of the labor force in response to changes in the tax schedule.

For simplicity, consider an alternative world where y = 0 was removed from individuals’ feasibility

set. Let y (#) denote the earnings choice of type 6 in this restricted world. Clearly, y* (8) solves

y" (0) = argmazyso u(y — T (y),y: 0)

For all types in the labor force in the status quo world, y* (6) = y (#). For those out of the labor force,
y (0) = 0. I retain the assumption that preferences are convex over the region y > 0. Therefore, y*" ()
is continuously differentiable in response to changes in the tax schedule, T. So, I allow for discrete
moves between 0 and y > 0, but do not allow discrete moves across two different labor supply points
in response to small changes in the tax schedule.

Given y* (0), let ¢ () denote the consumption level required by type € to enter into the labor
force to earn y* (6):

u(c” (8),y" (0);0) = u(y—T(0),0;6)
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Given y% () and c” (), one can define the labor force participation rate at each point along the
income distribution. Note that an individual of type 6 chooses to work whenever
" (0) <y” (0) =T (y" (9))

For any consumption and income level, (¢,y), let LEP (¢,y) denote the fraction of individuals with

y" (8) = y who choose to work, y () = y:
LEP () = [ 1{e= ¢ 0)) du (01" 0) = v)
With this definition, one can write

qy"en)=A+B+C+D+P+o(n)

where P is the cost resulting from non-marginal changes in labor supply and %M:o,ezo is given by

(f;;\nzo = cZy'”:O/p(@) . (T (y" (0) =0 —T(0) LFP{y" =T (y*) + 14" ()} dF (9)]
Y W —5y"+3
@€y — 5.y +5] de
so that
tiy 20 = B | - T ) 0 =y P ()
_ T(y)-T(0),
- T W)
-t e

where é£FF (3) is the semi-elasticity of labor force participation at y off of the base of all potential

people who have y” () as their most preferred earnings point. To align with A-D, we need to replace
the distribution of y” with the distribution of y, so that we must divide by LFP. Dividing by LFP (y),
this is equal to the elasticity of labor force participation at y* (6)

LFP () — 1 OLFP(y—T(y),y)

© WITIFPG-T().y) de

Therefore, we have

. dq(yten), 1 d T'(y) . T’ (y) T(y)—T(0)

oy = =0 =Lt gl [T € WY W W, T 65?1;(1/)

98



where

and

C(y) =FEI[C(0)y(0) =y

Multiple tax schedules Finally, one can extend these marginal costs by integrating over tax sched-
ules, j. To see this, note that equation (12) captures the marginal cost for a change to a given tax
schedule. Therefore, one can simply average across each tax schedule to obtain the average cost across
tax schedules. Importantly, because j is taken to be exogenous, one does not need to account for

movement across tax schedules in calculating this cost.

A.2 Proof of Proposition 2

S]D

Statement of Proposition If < 0, there exists an € > 0 such that for any € < € there exists

an augmentation to the tax schedule in the status quo environment that generates surplus, st (), that
is higher at all points of the income distribution: E [st () |y (6) = y| > E[sc (0) |y (8) =y] for all y.

Conwersely, if S'P > 0, no such € exists.

Proof Suppose S'P < 0. Then,

/8(9)9(y(9))du(9) <0

so that

/se (0) 9 (y (0)) dyu (0) =6/8(9)g(y(9))du(9) <0

For any tax schedule T, let y (9; T) denote the choice of earnings by type 6 facing tax schedule T.

Given these choices, total tax revenue is given by

R(T) :/T(y (G;T))d,u(e)

Now, consider an augmented tax schedule. Let P = {P; };V:Pl denote a partition of the income distribu-

tion into intervals and let 77]]-3 denote transfers provided to each such region of the income distribution:

Np
T (y) =T () —e>_ nf1{y € P;}
j=1

and let
T/ (y) =T (y) — enj 1{y € P;}
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I assume that
Np

ok (TF) =3 ok (T9) (13)
j=1

This assumption is satisfied for most common forms of preferences. It would be violated if, for example,
there were a mass of agents perfectly indifferent between three earnings points. Then, providing
additional transfers to one of these two points would both induce movement from the other point
and thus the sum of the two tax movements would be larger than the combined tax movement. In
practice, it is satisfied if agents have at most two points of indifference in their utility function (since
then they’re movement is affected by the relative price changes to be in these two locations).

Note that each partition can be represented as
Py =lyj — €, y; + €)

so that J d
%‘e:OR (Tej> = _nf%’nZOQ (y;kv €4, 77) Pr {y (9> € PJ}

where Pr{y (0) € P;} = u{y~" (P))}.

Now, define nf as
1D

S

nj =suwp{E[s(0)|y(0) =ylly € P;} = ——h

where h = E [h ()] is the average value of the marginal cost of taxation. Let st (f) denote the surplus
the individual obtains when facing tax schedule 77 By the envelope theorem (and the assumption of
no externalities / GE effects), there exists € such that for all e < €, the individual obtains surplus at

least as large as € (sup E'[s (0) |y () = yly € P}])

E[s{(0)|y(0) =y] >e(supE[s (0) |y (8) = yly € Bj]) (14)

for all € € (0,¢€) (to see this, note that the tax augmentation not only gives people surplus s¥ but also
provides —# > 0; so this inequality is made strict).

Now, consider the marginal cost of the policy. By construction

Np

d A d, ..,
T le=oRR (T€P> =- an%!n:oq (47 €5,m) Pr{y (0) € P}
j=1

and taking the limit as partition widths go to zero, we have

Np

d - p
lim —le—oR (TF) = - lim
width(P)—0 de‘e_o ( € ) w’idth(P)HO];

sIPY\ a
<sup{E[s<9>\y<9>:ynyer}— 5 )d—n|7,=oq~(y;,e_j,n)Pr{y<e>er}

Note that the terms inside the sum have limits that exist and are unique (because h (y) is assumed
to be continuous and the mean surplus function is assumed to be continuous). Note in principle this

limit existing does not require continuity of either the surplus function or the marginal cost function
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h (y) — some suitable integrability condition would work — but this is sufficient. So,

m 4 R(TF) = —/SY( () h (y (6)) dps (6) + S
width(P)—0 de' <" ¢ N 4 4 . 2
_ sIb_
= —sth+Th
SID_
= 5"

which is positive. Therefore, there exists € < € such that for all € € (0, €*) we have R (TEP ) > (0 and
E[sL(0) |y (8) =y] > E[s(0) |y () = y] for all y.

Converse Now suppose S'” > 0. Then,
[s@nw©)dn©) >0

And, suppose for contradiction that some € exists so that there are a set of tax schedules, Tg, that
deliver greater surplus along the income distribution, % —0E [st(0) |y () =y| > E[s(8)]y(8) =y
I will show that this implies the tax schedule modification is not budget neutral for sufficiently small
€.

Note that the envelope theorem implies %\ezoj} (y) = %|e:03’é (0) for all 6 such that y () = y. For
Np~y

any € > 0 and v > 0, we can approximate the revenue function using a partition P? = {P] } - and
]:

a step tax function T that provides exactly E [sﬁ 0) |y (0) € P]] units of tax reduction. Therefore,

the marginal cost of the policy is approximated by %IEZOR (TCP 7),

‘ik_oR (7))~ Lior (127)| <4
where
d X & d d
lemoR (TF7) = - g Gele=0B L@y ©) € P} ] oo (45, c5m) Pr{y (6) € Py}

where P} = [y . — €y, ¥ ; + €,;). For sufficiently small ¢ we know that £ [si @) |y () e P]| >
E|sc(0)]y(8) € PJ] Therefore,

d . o d .,
TlemoB [sE @)1y (0) € 7] > FlecoB |5 (0) |y (6) € P} —+

since both have values of zero when € = 0.
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Therefore,

d A N
gel—oR (T7) <=3

d, o
)3 [=oF |5 (0) 1y (6) € P} | =00 (w5 5:) Pr{y(6) € P} +7

%\&

and taking the limit as the partition widths converge towards zero (so that v — 0), we arrive as
d 7 1D
|e—oR (T) < -SPE[R ()] <0
€
so that the policy is not budget neutral.

Discussion The proof relied on two key assumptions. First, I assume that providing a small amount
of money through modifications in the tax schedule generates surplus of at least the mechanical amount
of money provided in the absence of any behavioral response. This follows from the envelope theorem,
combined with the assumption that infinitesimal tax changes in one portion of the income distribution
do not affect the welfare of anyone at other points of the distribution. This was implicitly assumed by
writing the utility function as a function of one’s own consumption and earnings, and not a function
of anyone else’s choices of labor supply or earnings. For example, if taxing the rich caused them to
reduce their earnings which in turn increased the wages of the poor, then equation (14) would no
longer hold, since individuals outside of the intended target of the tax transfers would have surplus
impacts. Accounting for such general equilibrium effects is an interesting and important direction for
both theoretical and empirical work.

Second, I assume that the revenue function is continuously differentiable and additive in modifi-
cations to the tax schedule. This is primarily a technical assumption that rules out types that are
indifferent to many points along the income distribution (which would cause them to be double-counted

as costs in equation (13)).

A.3 Proof of Proposition 3

Statement of Proposition Suppose Assumption 3 holds. If S'° > 0, there exists ¢ > 0 such
that for any e < €, there exists an augmentation to the tax schedule in the alternative environment
that delivers surplus s’ () that is on average positive at all points along the income distribution:
E[st(0)]y(0) =y] >0 for all y. Conversely, if S'P < 0, then no such € exists.

Proof I provide the brief sketch here that does not go through the formality of defining the partitions
as in the proof above, but one can do so analogously to the proof of Proposition 1. Let y (6) continue to
denote the choice of income of a type 6 in the status quo environment. Let y* (y) denote the choice of
income in the alternative environment made by those who chose y in the status quo environment. Per
Assumption 3, this function is a bijection. Given the surplus function E[sc (0) |y (0) = y], consider a
modification to the income distribution that taxes away all but e=-— D of this surplus to those earning y

in the status quo (i.e. those earning y® (y) in the e-alternative env1ronment). If T, is the tax schedule
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in the e-alternative environment, then the modified tax schedule is

N ~ SI D

7. = T+ e (Bls ) 0) = )7 0] - 55 )
Let st (A) denote the surplus of the tax-modified e-alternative environment with tax schedule 7} (y).
For sufficiently small €, the off-setting transfer ensures everyone is better off relative to the status quo
(note this relies on the fact that S’ > 0, so that there is aggregate inequality deflated surplus to
spread around). Hence, st (0) > s, (0) — E[sc () |y (6) = y] for sufficiently small ¢; and taking the

expectation conditional on y (0) = y yields
Elsc(0)]y(0)=y] >0 Wy

Now, one needs to show that, for sufficiently small €, the cost of the modification to the tax
schedule is not budget-negative. Note that for each y, the tax modification provides a transfer of
E|s.(0) |y () = (y) ™ (y)} . Note that Assumption 3, the marginal cost of implementing these surplus

transfers is the same as in the status quo environment.

SID SID

Cfi]z|e:0Z/E[S(G)\y(ﬁ):y]g(y)dF(y)— = >0

so that the transfer scheme is feasible for sufficiently small e.

A.4 Proof of Proposition 4

oy —ID . ~ ~

Statement of Proposition Suppose S° < 0. Then, there exists an € > 0 such that, for each € < €

there exists a modification to the income tax schedule that delivers a Pareto improvement relative
.. 5ID . - -

to s¢ (0). Conversely, if S > 0, there exists an € > 0 such that for each ¢ < € any budget-neutral

modification to the tax schedule results in lower surplus for some 6 relative to s, (6).

Proof The proof follows immediately by providing surplus 3. (y) = sup {s. (0) |y (§) = y} instead of
Elsc(0) |y (8) = y] in the proof of Proposition 2.
A.5 Proof of Proposition 5

Statement of Proposition Suppose 3 holds. Suppose S'” > 0. Then, there exists an ¢ > 0
such that, for each ¢ < € there exists a modification to the income tax schedule in the alternative

environment that delivers positive surplus to all types, st (6) > 0 for all 6.

Proof The proof follows immediately by providing surplus s, (y) = inf {s. (0) |y (6) = y} instead of
Esc(0) |y (0) = y] in the proof of Proposition 3.
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A.6 Distribution and Surplus

Here, I show that r (o) = « minimizes the surplus of the alternative environment when making
distributional comparisons when g («) is decreasing. More formally, I show that r (o) = «a (a.e.)

minimizes the surplus of the alternative environment:

1 1
/ (Qa (r (@) — Qo (@) g () dar < / (Qu (@) — Qo (a)) g (a) da
0 0

The proof goes as follows. First, start with an r such that r (o) # o a.e. One can construct 7
that delivers lower inequality deflated surplus by undoing some of the crossed paths and replacing a
portion of r () with 7 () = «. Heuristically, this lowers surplus to individuals at the bottom and
raises surplus at the top. Because g is decreasing, the increase in surplus at the top is valued less than
the decrease in surplus at the bottom. So, # will have lower inequality deflated surplus.

Formally, there exists € > 0 and a; such that

aq = inf {int {a|r (a) # a}}

and

(a1, 00 +€) Cint{a|r (a) # o}

Intuitively, a; is the minimum quantile at which 7 () # « for a non-trivial set of points. Now, define
7 (a) to be the permutation that instead allows r (o) = « on the interval (ay, a1 + €) but then fills in
the points {r (a) | € (a1, a1 + €)} using the set {a|r (a) € (a1, a1 + €)}. Then, the difference between
r and 7 is a permutation cycle between (aq, a1 + €) and higher values of «. This means the experiment
r offers less surplus to types at the bottom of the distribution but the same total surplus. Because g

is decreasing, this implies r has lower surplus than 7.

B Estimation Detalils

To estimate the Pareto parameter of the income distribution, I proceed as follows. First, for com-
putational simplicity, I define 1000 equally sized bins of ordinary income. I then collapse the data
to generate counts of returns in each of these 1000 bins separately for returns facing different tax
schedules, j. I generate these groups as the intersection of filing status, EITC status (marital status
+ number of qualified EITC dependents), and those subject to the alternative minimum tax rate.
Given these groupings, I estimate «; in a manner that allows it to vary with the marginal tax rate
for a majority of the population. For tax schedules with at least at least 500,000 observations with
earnings between the 10th and 99th percentile of the income distribution, I estimate the elasticity of

the income distribution separately for each filing characteristic.%> To do so, I construct the log density

521 do not include the returns below the 10th quantile of the income distribution because of the large fraction of returns
posting exactly $3k in ordinary income, which introduces significant nonlinearities in some of these groups. Above the
99th percentile, I follow a strategy from Saez (2001) described below.
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of the income distribution measuring the number of households in each bin divided by the width of the
bin. I then regress this on a fifth order polynomial of log income in the bin (where income is the mean
income within the bin). The estimated slope at each bin generates an estimate of a; for each income
bin in tax group j. I verify that the results are virtually identical when increasing or decreasing the
number of bins or changing the number of polynomials in the regression.

For the remaining smaller tax groups (725% of the sample) with fewer than 500,000 returns, I
impose the assumption that the elasticity of the income distribution is the same across these less-
populated tax schedules at a given level of income.®® 1 then take advantage of the fact that the
aggregate elasticity can be written as a weighted average of the elasticities of the income distribution
for each marginal tax rate, oj. So, I estimate the elasticity of the aggregate income distribution and
then construct the implied elasticity for these smaller groups as the population weighted difference
between the total elasticity and the elasticities of the larger tax groups. To estimate the elasticity of
the aggregate income distribution, I regress the log density on a tenth order polynomial in log income
for each bin (again, results are nearly identical if one includes additional polynomials) and compute
the slope at each bin.

The advantage of this estimation approach is that it allows the elasticity of the income distribution
to vary non-parametrically with the tax rates for ~75% of the sample. Hence, I allow for significant
correlation between the shape of the income distribution and the marginal tax rate, as is potentially
required for accurate estimation of the substitution effect in equation (6) in the presence of multiple
tax schedules.

For individuals near the top of the income distribution, the local calculation of the elasticity of the
income distribution becomes difficult and potentially biased because of endpoint effects. Intuitively,
the binning of incomes into 1,000 bins ignores the fact that the US income distribution has a fairly
thick upper tail. Fortunately, it is well documented that the upper tail of the income distribution is
Pareto, and hence has a constant elasticity so that « (y) = % (Saez (2001)). Hence, I also
compute an “upper tail” value of « given by % for each income bin. Figure (17) (left panel)
plots the average local estimate of o (using the fifth order polynomial) across the income distribution
and Figure (17) (right panel) plots both this estimate and the upper tail value of «, %, for
the upper decile of the income distribution.

For the upper regions of the income distribution, the value of BlY|Y2yl-y
consistent with the findings of Diamond and Saez (2011) and Piketty and Saez (2012). Conversely,

the local estimate of the elasticity of the income distribution arguably becomes downwardly biased

converges to around 1.5,

in the upper region because the fifth order polynomial does not capture the size of the thick tail in
the top-most income bucket. Hence, for incomes in this upper region with earnings above $250,000, I

assign the maximum value of these two estimates.

53This 500,000 threshold is chosen for computational simplicity on the remaining groups, but the results are similar to
lowering it to 250,000.
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Average Alpha by Income Quantile Local vs. Upper Tail Alpha
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Figure 17: Alpha, o (y)

C Deflating changes in pre and post-tax census income

This appendix measures the cost of changes in the pre-tax household income distribution, as opposed
to the post-tax analysis in the main text. Deflating pre-tax household income corresponds to changes
in welfare if one assumes that the benefits of taxation are returned to those directly paying taxes.

To construct the pre-tax series, I use the distribution of household income from the U.S. Census
Bureau for incomes up to the 95th percentile. However, as is well known, survey datasets tend to
under-state top incomes (Piketty and Saez (2003)). Therefore, I replace the top 5% of the income
distribution using the top 5% incomes reported by Piketty and Saez (2007). I use the updated top
incomes statistics through 2011. Appendix Figure 18 illustrates the difference between the top 5%
measure from Piketty and Saez (2007) versus the U.S. Census Bureau. Prior to 1995, this difference
is generally fairly small (e.g. $5K) but rises to upwards of $50K after 1995, consistent with the rise of
extreme top incomes.

Appendix Figure 18 reports the top 5% income from the census and from Piketty and Saez. As
one can see, the census tends to diverge more so over time with income differences reaching upwards
of 50,000 after 1995.

Given the quantile points in Figure 19, I apply the deflator using the average household income
deflator value in each quintile below the 80th percentile of the household income distribution and the
average household income deflator between the 80th and 95th percentile and the top 5%. The deflator
takes on values of roughly 1.1 for the first three quintiles, 0.97 for the fourth quantile, and 0.82 for
the 80-95th percentile, and 0.66 for the top 5%.

Figure 20 plots inequality deflated surplus, StI D by year and compares it to the mean difference in
household income between year 2011 and year ¢t. The orange dash-dot line at the top plots the change
in mean household per capita income (CPI deflated) relative to 2012. The blue solid line plots the
inequality deflated value of this change for the baseline elasticity specification. The long and short
dashed lines plot the low and high elasticity specification.

The results show that deflated surplus is positive for years prior to 1998. So, despite the increase

in inequality throughout the 1970s, 80s, and 90s, inequality deflated surplus is higher. Put differently,
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Figure 18: Top 5% Incomes by Data Source
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Figure 19: Income Distribution by Quintile
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Raw and Deflated Household Income Change
Difference Relative to 2012
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Figure 20: Raw and Deflated Household Income Change Relative to 2012

if changes to the tax schedule were made to undo the change in inequality between 1970 and 2012,
everyone would be roughly $19K richer today relative to 1970. However, this is less than the mean
income difference of $24K, because of the increased inequality.

The difference between mean income and inequality deflated income represents a measure of the
social cost of increased inequality. If the change in mean income was evenly distributed across the
income distribution, then the deflated change in income would equal the mean change in income, so
that the social cost would be zero. Figure ?7 illustrates this social cost for the baseline and alternative
specifications. There is a significant rise in the social cost of income inequality between 1980 and
1995 — a period of time of increasing income inequality. In contrast, there is relatively little change
since 2000, as changes to household income have been relatively stagnant over 2000-2010, as shown in
Figure 20.

For the baseline elasticity specification, the social cost of increased income inequality since 1970
is roughly $5,250, which is roughly 21.5% of the $24K in mean increase in household income between
1970 and 2012.%% Multiplying by 119K households, this implies a social cost of increased income
inequality since 1970 of roughly $625B. In the high elasticity specification, the social cost of inequality
is nearly doubled to $8,733, or 36% of the household income increase since 1970. In the low elasticity

specification, the social cost of inequality is $1,988, roughly 8% of the mean household income increase

54The combined data series that replaces the top 5% incomes with the measures of Piketty and Saez (2007) suggests
household income increased from $54,463 in 1970 to $78,769 in 2012 (measured in 2012 dollars).
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Raw and Deflated Household Income Change
Census After Tax Income
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Figure 21: Raw and Deflated Household Income Change Relative to 2012

since 1970.

In addition to post-tax census data, Figure 21 plots the increase in income inequality using census
micro data from 1992-2012 (using the same sample as discussed in the main text for which I construct
the 2009-2012 series to extend the CBO 1979-2009 data). In general, the pattern is similar to the before
tax pattern in the Census data (a cost of increased income inequality in the 1990s), but unfortunately
consistent after tax measures in the CPS do not extend back before 1992. Moreover, because the CBO
data relies on tax data, it arguably provides a better picture of the increased income inequality at the

top if the income distribution. Therefore, I rely on the CBO data for the analysis in the main text,
aside from the extension from 2009 to 2012.
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