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Abstract

This paper provides a generic framework for evaluating the welfare impact of government policy
changes towards taxes, transfers, and publicly provided goods. The results show that the behavioral
response required for welfare measurement is the causal impact of each agent’s response to the policy
on the government’s budget. A decomposition of this response into income and substitution effects
is not required. Because these desired elasticities vary with the policy in question, I term them
policy elasticities. 1 also provide an additivity condition that yields a natural definition of the
marginal costs of public funds as welfare impact of a policy per dollar of its cost to the government
budget. Finally, I use the model, along with causal estimates from existing literature, to study
the welfare impact of additional redistribution by increasing the generosity of the earned income
tax credit financed by an increase in the top marginal income tax rate. I show existing causal
estimates suggest additional redistribution is desirable if and only if providing an additional $0.44
to an EITC-eligible single mother (earning less than $40,000) is preferred to providing an additional
$1 to a person subject to the top marginal tax rate (earning more than $400,000).

1 Introduction

There is a large and growing set of empirical work estimating the behavioral impacts of changes to
government policies. This diverse literature has developed a large toolkit of structural and reduced
form methods to answer the positive question of what do policy changes do to behavior. However, what
is less clear is what does one need to know in order to move from a positive analysis to a normative
analysis of whether or not policy changes improve social welfare.!

Existing literature is filled with debates about the parameters required for a normative analysis
of government policy changes.? Often, a Hicksian (compensated) elasticity is argued to play a central

role:
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!See, e.g., Angrist and Pischke (2010) and Nevo and Whinston (2010) for a recent discussion of reduced form and
structural methods.

ZPerhaps the most vigorous debate pertains to whether the marginal cost of public funds should rely on compensated
or uncompensated elasticities (see, e.g., Allgood and Snow (1998); Atkinson and Stern (1974); Ballard et al. (1985);



While decisions on the appropriate size of government must be left to the political process,
economists can assist that decision by indicating the magnitude of the total marginal cost
of increased government spending. That cost depends on the structure of taxes, the distri-
bution of income, and the compensated elasticity of the tax base with respect to a marginal
change in tazx rates. (Feldstein (2012))

Graduate textbooks teach that the two central aspects of the public sector, optimal progres-
sivity of the tax-and-transfer system, as well as the optimal size of the public sector, depend
(inversely) on the compensated elasticity of labor supply with respect to the marginal tax
rate. (Saez, Slemrod, and Giertz (2012))

As a result, it is commonplace for empirical researchers to believe that behavioral responses must be
decomposed into their income and substitution (compensated) effects. Goolsbee (1999, p8) explains
the resulting empirical challenge: “The theory largely relates to compensated elasticities, whereas the
natural experiments provide information primarily on the uncompensated effects”. Rarely do policy
changes hold people’s utility constant. Thus, it would appear that the causal effects of policy changes
(i.e. the positive analysis of the policy) may not be exactly what is desired for a normative analysis
of that same policy.

This paper revisits the debate about the types of parameters required for welfare analysis. Using
a generic heterogeneous agent model with publicly provided goods, taxes, and transfers, I characterize
the parameters required for welfare measurement of marginal changes to government policies. The
main result is that the only behavioral response required is the impact of the behavioral response to
the policy on the government’s budget. This impact is the difference between the government budget
with behavioral responses to the policy and a counterfactual world without any behavioral responses
to the policy.

This means that neither Hicksian (compensated) nor Marshallian (uncompensated) price elasticities
are generally sufficient. Rather, the causal effect of the policy in question is exactly what is needed. If
a policy raises taxes and spends money on roads, one desires the impact of the simultaneous increase
in taxes and increase in road spending on taxable behavior. To provide a vocabulary for the types
of elasticities required for welfare analysis, and to highlight the importance of being clear about the
policy experiment being studied, I term them “policy elasticities”. These are simply the difference in
behavior if the policy is or is not undertaken — precisely the standard definition of the causal effect of
the policy (e.g. Angrist and Pischke (2008)).

The causal effect matters because of the envelope theorem, which implies that behavioral responses
to marginal policy changes don’t affect utility directly. However, to the extent to which the prices faced
by individuals do not reflect their resource costs (e.g. if there are marginal tax rates on labor earnings),
behavioral responses impose a resource cost on society that has no impact on the agent’s utility. In

the broad class of models considered here, the government is the only distortion between private prices

Ballard (1990); Browning (1976, 1987); Fullerton (1991); Harberger (1964); Mayshar (1990); Mayshar and Slemrod
(1995); Slemrod and Yitzhaki (2001, 1996); Stiglitz and Dasgupta (1971); Stuart (1984); Wildasin (1984), and summaries
provided in Auerbach (1985) and, more recently, Dahlby (2008)).



and social (resource) costs; hence the impact of the behavioral response on the government’s budget
is the only behavioral response required for welfare estimation.?

In addition to the impact of the behavioral response to the policy on the government’s budget,
there are two other types of parameters required for welfare analysis, both of which are arguably
well-known. First, if a policy changes the provision of publicly provided goods, one also needs to know
the valuation of these goods. This is given by the difference between individuals’ marginal rates of
substitution and their marginal cost of production — an insight of Samuelson (1954). Second, to the
extent to which the policy change has differential welfare impacts across people, one needs to know
their social marginal utilities in order to aggregate from individual to social welfare. These three types
of parameters — the impact of the behavioral response on the government budget, the net valuation
of changes in publicly provided goods, and the social marginal utilities of income — fully characterize
the welfare impact of marginal changes to government policies in the broad class of models considered
here.

A conceptual difficulty with welfare analysis of actual government policies is that sometimes they
are not budget neutral.* My framework naturally accommodates welfare analysis in these settings. In
particular, I provide an additivity condition that yields conditions under which one can combine non-
budget neutral policies to form a comprehensive budget neutral welfare analysis that recognizes the
fact that the government must raise revenue to pay for its expenditure policies. The analysis yields a
natural definition of the marginal cost of public funds (MCPF) as the welfare impact of a non-budget
neutral policy per dollar of its budget cost. With this definition, one can compare the desirability
of different policies by comparing their MCPF. If two policies have different MCPFs, then taking $1
from the low MCPF policy and using it to spend resources on the high MCPF policy will improve
social welfare.® In contrast to traditional measures of the MCPF, this definition is policy-specific and
depends not on compensated or uncompensated elasticities per se, but rather on the policy elasticities
of the particular non-budget neutral policy in question.

I apply the framework to study the desirability of additional redistribution. In particular, I consider
a policy of raising the top marginal income tax rate to finance an expansion of the earned income tax
credit (EITC). The model suggests additional redistribution is desirable if and only if the difference in
social marginal utilities of income between rich and poor is greater than the impact of the behavioral
response to the redistributive policy on the budget, normalized by the mechanical revenue raised from

the rich. This is precisely the logic of Okun’s leaky bucket experiment (Okun (1975)). Okun shows

30ne can think of this behavioral response as a “fiscal externality”. In Appendix B, I consider an extension of the
model to a world with other externalities. If there are other distortions operating in the market that prevent social and
private costs from being equated (e.g. externalities such as pollution, or even “internalities” whereby people’s actions
impose a welfare loss on themselves), then one also requires an estimate of the causal impact of the behavioral response
to the policy on the value of the other externalities as well. Even in this more general model with other externalities, the
causal effects (i.e. policy elasticities) are still the elasticities desired for welfare analysis—a decomposition of behavioral
responses into income and substitution effects is not required.

4Non-budget neutral policies are arguably the norm rather than the exception (e.g. the 2003 creation of Medicare
Part D, the Omnibus Budget Reduction Act of 1993, etc.)

°In this sense, my definition of the MCPF is symmetric and could equally be called a marginal “benefit” instead of
“cost”; it represents the social cost of taking resources from the policy and the social benefit of spending resources on the
policy. These two notions are equivalent under my definition.



one’s social preference for redistribution can be stated in terms of how much money one is willing to
lose in the process of redistributing money from rich to poor. My framework shows that the leaks in
Okun’s bucket are functions of the policy elasticities of the redistributive policy.

I implement this formula using existing causal estimates of EITC expansions and changes to the
top marginal income tax rate. To do so, I use the additivity condition to write the redistributive policy
as the sum of two policies: an increase in the top tax rate and an expansion of the EITC program.
Each of these policies induce a MCPF: the welfare impact on the rich of raising $1 by increasing the
top marginal income tax rate, and the welfare impact on the poor of spending this $1 through an
increase in EITC benefits. Mid-range estimates of causal effects in each of these literatures® suggests
a MCPF on the rich of increasing the top tax rate is roughly $2. The MCPF on the poor of an EITC
expansion is roughly $0.88. Hence, additional redistribution is desirable as long as one prefers $0.44
in the hands of an EITC recipient to $1 in the hands of someone taxed at the top marginal income

tax rate.’

From a positive perspective, the existing causal estimates of the behavioral responses to
taxation suggests the U.S. tax schedule implicitly values an additional $0.44 to an EITC recipient as

equivalent to $1 to someone subject to the top marginal income tax rate.

Relation to Previous Literature This paper is of course not the first to study the types of
behavioral elasticities required for normative analysis of government policies. As discussed above,
previous literature has often highlighted the importance of the Hicksian (compensated) elasticity.
However, Hicksian price elasticities are the causal effects of policies that are known to hold utility
constant. Hence, they are insufficient for measuring the marginal welfare impact of policies that
actually change utilities.

In Appendix C, I illustrate in detail how my framework nests the two classes of models for which
Hicksian elasticities arise in previous literature. First, Hicksian elasticities arise in the calculation
of optimal policies with representative agents, such as the optimal commodity taxation program of
Ramsey (1927) and Diamond and Mirrlees (1971). At an optimum, the marginal welfare impact of
a budget-neutral policy change is zero. So, in representative agent models, optimal taxes depend on
Hicksian elasticities because utility is locally constant at the optimum. Second, Hicksian elasticities
calculate the marginal amount of additional revenue the government could collect by switching from
distortionary taxation to lump-sum taxation, holding the agent’s utility constant. This is the so-called
marginal deadweight loss or marginal excess burden of the tax system (Mas-Colell et al. (1995)).
However, because the policy does not specify what the government does with this additional revenue,
the policy experiment is left incomplete: any policy aimed at reducing the marginal excess burden
would have a welfare impact that depended on the causal impact of that particular policy, would not
be governed by a Hicksian elasticity. In short, although Hicksian elasticities arise in these classes of

models and provide measures of distortions, they are neither necessary nor sufficient elasticities for

5See Hotz and Scholz (2003) and Chetty et al. (2013) for a review of the EITC responses and Saez et al. (2012) for a
review of responses to top marginal income tax changes.

"Taking broader ranges of estimates from existing literature yields estimates ranging from $0.25-$0.76 in the hands
of the EITC recipient relative to $1 for the rich.



welfare evaluation of actual government policy changes—instead, one needs the policy elasticities.

This paper is also related to the large literature studying the optimal design of the nonlinear
income tax schedule initiated by Mirrlees (1971) and implemented by Saez (2001) among others.
In contrast to focusing on “optimal” policy, my approach quantifies the welfare impact of changing
policy relative to the status quo. This method may have more practical appeal for those interested
in evaluating proposals to changes of existing policy.® Moreover, my empirical approach has less
stringent requirements. Optimal tax formulas generally depend on elasticities defined locally around
the optimum. In contrast, my approach depends on elasticities defined locally around the status quo.
As a result, they are arguably easier to identify using existing data variation and fewer extrapolation
assumptions.”

This paper also builds on the literature discussing the sufficiency of the taxable income elasticity
for welfare analysis of tax policies (Feldstein (1999); Chetty (2009a)). My results show that the impact
of the behavioral response on the government’s budget remains sufficient even in cases with more than
one tax rate (e.g. different capital and labor income taxes), an important case in which the aggregate
taxable income elasticity is no longer sufficient. Moreover, even in a world with a single tax rate my
results clarify that the desired elasticity is neither a compensated or uncompensated elasticity; it is
the policy elasticity, which depends on the policy in question.

This paper is also related to the long debate over the correct definition of the MCPF.!® This
literature generally argues about whether or not the welfare cost of raising government revenue depends
on compensated or uncompensated price elasticities. My approach suggests neither is exactly right.
Instead, one wants the causal effects of non-budget neutral policies. As long as one can identify the
causal effect of the policy, one need not be concerned with whether people respond to such policies
in a compensated or uncompensated manner, which may depend on the actual (or expected) benefits
they receive from the policy.!!

My empirical application also highlights the importance of being clear about distributional in-

®Indeed, this methodology for welfare estimation was recommended by Feldstein (1976) because of its close connection
to actual policy considerations and debates.

9In addition, the standard approach to optimal taxation using the Hamiltonian provides insight into the optimal slope
of the tax schedule, the optimal level of the schedule is identified from the transversality condition (i.e. budget constraint)
which depends on the integral of a function of elasticities (Piketty and Saez (2012)). As a result, the Hamiltonian approach
is well-suited to study the optimal shape of EITC benefits, but is more difficult to study the optimal size of the EITC
program relative to taxes on the rich.

10See citations in footnote 2. Relative to this literature, my paper makes arguments similar to those in Stuart (1984),
which suggests one “wishes to compare changes in utility and revenue as the economy moves from an equilibrium before
a tax increase to one after the increase”. It then argues that budget neutrality requires the MCPF incorporate the
behavioral responses induced by government spending, along the lines of Atkinson and Stern (1974) (discussed below in
Footnote 28). In contrast, I propose a definition of the MCPF for explicitly non-budget neutral policies. In this sense,
my approach is also closely related to Slemrod and Yitzhaki (1996, 2001), who define the MCPF as the welfare impact
of a tax increase per unit revenue raised. In contrast to this literature, I define a policy-specific MCPF and illustrate
that in general it is neither Hicksian nor Marshallian elasticities, but rather the policy elasticities that are desired for its
estimation.

"Tndeed, it is commonplace to associate the causal effect with the uncompensated elasticity, as in the quote by Goolsbee
(1999) referenced above. But if people who experience a tax increase receive (or expect to receive) future benefits, they
may borrow against these benefits and respond in a compensated manner (the standard Ricardian equivalence logic).
Fortunately, my definition of the MCPF, which depends only on the causal effects of the policies, does not require
knowledge of the degree to which Ricardian equivalence holds in the economy.



cidence when calculating a MCPF. I derive two values of the MCPF for two policies aimed at two
different populations (those receiving EITC benefits and those facing the top marginal income tax
rate).!? Although the precise estimates are sensitive to the range of causal effects estimated in previ-
ous literature, the results clearly illustrate that there is no single MCPF': raising resources from the
poor is much cheaper ($0.88) than raising resources from the rich ($2). This does not imply one should
increase taxes on the rich; rather, it suggests society would prefer to take money from the rich more
than the poor.'

Finally, this paper is also related to the broader literature discussing the relationship between
structural and reduced form methods in economics (Angrist and Pischke (2010); Nevo and Whinston
(2010)) and the rise of sufficient statistic methods (Chetty (2009b)). By characterizing the set of
parameters required for welfare analysis in a broad class of models, I hope the conclusion is useful:
estimates of causal effects of past policy changes, or forecasts of the impact of future policy changes,
can be put into a general normative framework by multiplying by the government’s tax/subsidy rate
on the affected behavior.

The rest of this paper proceeds as follows. Section 2 presents the model and provides the main
result. Section 3 discusses the additivity condition and the marginal costs of public funds. Section
4 applies the framework to study the desirability of additional redistribution. Section 5 concludes.
The Online Appendix provides proofs of the main results (Appendix A), extensions of the model to
incorporate other externalities (Appendix B), and a detailed discussion of the relationship to previous

literature (Appendix C).

2 Model

The model has a generic setup with heterogeneous agents and multiple goods, along with a government
that sets taxes, transfers, and publicly provided goods. The generality captures many realistic issues
faced in empirical applications and also allows the model to nest many models in previous literature.
But, for simplified reading, Example 1 on page 12 illustrates the main concepts in a model with a

representative agent, single taxable good, and single publicly provided good.

2.1 Setup

There exist a continuum of individuals of equal mass in the population, indexed by ¢ € I. These

Jx

sy and

individuals make two choices: they choose a vector of Jx goods to consume, x; = {z;;}

12Existing literature studying the causal effects of changes to the top marginal income tax rate has argued that the
results imply a “marginal excess burden” of taxing the rich is approximately $0.50 per $1 (see Saez et al. (2012) and
the discussion in Section 4.2.1). Because this quantity is calculated using the behavioral response to actual policies
that changed the top marginal income tax rate (e.g. OBRA 1993), this turns out to be precisely the number required
for computing my definition of the MCPF, (1/(1-0.5))=2. However, in contrast to the existing use of terminology, this
number is not a measure of the “marginal excess burden”, since the calculation of marginal excess burden requires a
removal of income effects (see Mas-Colell et al. (1995); Feldstein (2012) and the discussion in Section 2.5).

13This provides empirical support for the theoretical analyses of Kaplow (1996, 2004, 2008) and Slemrod and Yitzhaki
(2001) that suggest the welfare cost of raising revenue will be inversely related to the social marginal utility of income of
those being taxed.



a vector of labor supply activities, l; = {lij}JL 14" There also exists a government that does three

things: it provides a vector of Jg publicly provided goods to each individual, G; = {Gm} provides

Jj=1

Jx
monetary transfers to each individual, T, and imposes linear taxes on goods, 73 = { ”} and labor
J=1

.. 1 Jr
supply activities, 7; = {Tilj} -
]:
Individuals value their goods, labor supply activities, and publicly provided goods according to
the utility function:

U; (Xi,li,Gi) (1)

which is allowed to vary arbitrarily across people.!®
To simplify the exposition, I assume a stylized model of production in which one unit of any type
of labor supply produces 1 unit of any type of good under perfect competition. Thus, agents face a

single linear budget constraint given by

> (1+7, JZ<1_T>U+T+Z/1 (2)

where y; is non-labor income.'® This simplified production structure rules out many interesting features
that can easily be added to a more general model, including imperfect competition (i.e. producer
surplus), production externalities (e.g. spillovers), and pecuniary externalities (in which case real
prices would not always be 1).!7 I assume the marginal cost to the government of producing publicly-
provided goods, G;; is given by CJG for j=1,..,Jg.1%°

Each individual takes taxes, transfers, non-labor income, and the provision of publicly-provided
goods as given and chooses goods and labor supply activities to maximize utility. This yields the

indirect utility function of individual 4,

Vi(Til’TixaTi7Giyyi> = maxu; (x,1, Gy)

x7
Jx Jr,

s.t. 2(1—1—7‘ acz]<z:(1—7‘z>lz]+T—l—yZ
j=1 j=1

where V; depends on taxes, transfers, income, and publicly provided goods. The Marshallian demand

YFor example, l;1 could be labor supplied in wage work and l;» could be labor supplied in the informal (un-taxed)
sector.

5Note that these publicly provided goods could be market or non-market goods. For example, one can capture a
setting where G is a market good by assuming the utility function has a form: u; (z1, 22, G) = @; (1, z2 + G), so that G
and z2 would be perfectly substitutable.

181 allow (but do not require) taxes and transfers to be individual-specific. In practice, most policies will involve
taxes and transfers will not be individual-specific, potentially due to information constraints facing the government.
An advantage of allowing for individual-specific taxes in my setting is that one can consider nonlinear tax settings. In
particular, one can interpret T; as “virtual income” and Tilj as the marginal tax on labor earnings. In this case, one must
be sure that the marginal tax rate used is consistent with the segment of the budget constraint that would be chosen by
the agent.

17T discuss some of these extensions in Subsection 2.6 and provide a detailed discussion of externalities in Appendix B.

18Note this nests the case of a pure public good by assuming c]G = % and G;; is constant across <.



functions generated by the agent’s problem are denoted 7} (Tix, Til, T;, Gy, y,) and [} (Tix, Til, T;, Gy, yl)
Because the utility function is allowed to vary arbitrarily across people, it will be helpful to be able

to normalize by an individual’s marginal utility of income, A;,

_ oV
B i

Ai

which is the Lagrange multiplier from the type ¢ maximization program.
The indirect utility function provides a measure of individual ¢’s utility; to move to social welfare,
we assume there exists some vector of Pareto weights, {t;}, for each individual ¢, so that social welfare

is given by
w ({Ti177—ix7ﬂ7 leyl}) = / szz (Tix77—i17,1_1£7 Gi7yi> di (3>
¢ el

Note that this is an implicit function of the vector of taxes, transfers, and publicly provided goods to
every type in the economy. In what follows, it will also be helpful to also consider the social marginal

utility of income, 1; = ¥;\;, which is the social welfare weight in units of the individual’s own income.

2.2 Policy Paths and Potential Outcomes

The social welfare function, W, provides a theoretical metric for evaluating the desirability of govern-
ment policy. In this subsection, I use this metric to evaluate the welfare impact of marginal changes
to the status quo policy. To do so, I define a “policy path”, P (#). For any 6 in a small region near 0,
0 € (—¢,¢), let P (0) be a vector of taxes, transfers, and publicly provided goods to each individual,

A

PO) ={#0).40).10).6:0)} (4)

[12a%2

where the indicates the policies are functions of . I make two assumptions about how the policy

varies with . First, I normalize the value of the policy at # = 0 to be the status quo:

[70.40.7:0,60}_ ={7dna6)

el el

. . . . . . . drg  drl, i Y
Second, I assume that the policy path is continuously differentiable in 6 (i.e. ;53 ) ;5] , C%Z, and ddGe”

exist and are continuous in 6).'° Intuitively, P (#) traces out a smooth path of government policies,
centered around the status quo. Given this path, I consider the welfare impact of following the path,
parameterized by an increase in 0. This can be interpreted as following a policy path or evaluating a
policy direction.?°

Before asking the normative question of whether the government should follow the policy path, I

9This does not require that the behavioral response to the policy be continuously differentiable. For notational
convenience in the text, I will assume the behavioral responses are continuously differentiable. However, in the empirical
application to the study of the EITC expansion in Section 4, I allow for extensive margin labor supply responses (which
is a key feature of the behavioral response to EITC expansions, and is an important factor in welfare estimation (Eissa
et al. (2008))).

20T have not specified a scale/speed for the policy path. In practice, one can normalize the speed of the policy to one
unit of a tax or one dollar of revenue raised, as illustrated in the application in Section 4.



first consider the positive question of what the policy change would do to behavior. Given a policy path,
I assume individuals choose goods and labor supply activities, %; (6) = {Z;; (0)}, and 1; (0) = {izj (9)}',
that maximize their utility under policy P (6).2! In the now-standard language of Angrist and Pischkle
(2008), & (0) and I () are the “potential outcomes” of individual’s choices of goods and labor supply
activities if policy world 6 is undertaken. As # moves away from 0, % (4) and 1(6) trace out the causal
effect of the policy on the individual’s behavior..

In addition to the individual’s behavior, the policy will also impact the government budget. To

keep track of these effects, let #; (f) denote the net government resources directed towards type i,

Ja Jx Jr,
£ (0) = >G5 9) + Ti0) — [ DA 0) a5 (0)+ > @) 0) ] (5)
Net Resources —_— Transfers -
Public-Provided Goods Tax Revenue
where Z ) j Gij () is the government expenditure on publicly provided goods to individual i, T} (9)
is the net government transfers to type i, and Z}le 7i5(0) 45 (0 )+ZJ 1 Tij L(6) 15 (9) is the tax revenue

collected from individual ¢ on goods and labor supply activities.
With this definition of #;, the total impact of a policy on the government’s budget is given by
fz el “Cllté di. The analysis does not require policies to be budget-neutral??, but budget-neutrality of a

policy path could be imposed by assuming

/ d—td =0 Vo
cr db

where
. A N Jx
di; qdGy dTy  d )
de:zjjcj a0 T dp " dp ;” +Z 0)kij

aGij

The term ), ¢ jG

much the policy increases direct transfers; and the last term is the impact of the policy on the net tax

is how much the policy changes spending on publicly provided goods; ’f};i is how

revenue from goods and labor supply activities.
The impact of the policy on individual behavior and on the government budget are related through
the mechanical and behavioral impact of the policy on net tax revenue from goods and labor supply

2IThese can be calculated in theory by evaluating the Marshallian demands at the policy vector for each 6:
5 (0) = o (F0). 7 (0),1(0),6:(0) Vi=1.Jx
5 0) = 1 (30,7 0),T:0),6:(0)) Vi=1.0
221 do not model explicitly the source of non-budget neutrality, but one can extend the model to a world in which the

government issues debt, B, and even allow B to affect behavior, u (x,1, G, B). I discuss this further in relation to the
definition of the MCPF in footnote 34.



activities:

d Ix L . . Ix die e gal I gp. 2 , dli
T () - — o 9T 074 sz i a1 @i
7 |:(j_1 715 (0) 245 (0) + 2 735 (0) Lij (9)” = <ZJ: Tij g+ Zj:lm 70 > + (Z Tigg T Zﬂ'j 70 ) (6)
Mechanical Impact Behavioral Impact
on Govt Revenue on Govt Revenue

The mechanical effect is the change in revenue holding behavior constant. This would be the marginal
budget impact of the policy if one did not account for any behavioral responses. The behavioral impact

is the effect of the behavioral response to the policy on the government’s budget.

2.3 Measuring Welfare

Moving from positive to normative analysis requires a definition of the normative objective. My
measure of individual welfare will be the individual’s willingness to pay out of their own income to
follow the policy path. Social welfare is then a weighted sum of individual welfare, with weights given
by the social marginal utilities of income.

To be more specific, let V; (0) denote the utility obtained by type i under the policy P (6). The

marginal impact of the policy on the utility of individual ¢ is given by ‘%i

lp=0. Normalizing by the
marginal utility of income, the individual’s own willingness to pay (out of their own income) for a

dv;
marginal policy change is given by %ﬁzo. This will be my measure of individual welfare.?? The

social welfare impact of the policy will be given by the sum of the individuals’ willingnesses to pay

: vy,
weighted by their social marginal utilities of income, %/ lg=0 = fz eI m%f*odi.m This social welfare is
measured in units of utility; hence, it will also be helpful to measure social welfare in units of individual
. P aw AV . .
1’s income, %M:O = d"n‘fg_o = Jier %#di, where the superscript 7 denotes the fact that social
) 1 ?

welfare is measured in units of 7’s income.

av;
23Tt is well-known that @ is equivalent to two other canonical measures of welfare for marginal policy changes.
First, the equivalent variation, EV; (0), of policy P (0) for type i is the amount that the consumer would be indifferent
to accepting in lieu of the policy change. EV; () solves

Vi (7710 G+ BV (0)) = Vi (0)

Second, the compensating variation, C'V; (6), of policy P (0) for type ¢ is the amount of money that must be compensated
to the agent after the policy change to bring her back to her initial utility level. CV; (6) solves

Vi (7 (0), 7 (0), T2 (0), G (0) 9 — CVi (0)) = Vi (0)
It is straightforward to verify (e.g. Schlee (2013)) that:

Wilomo  d[BVI]
N do lo=0 =

d[CV;

] lo=0
dé -

24Note this remains true even if the welfare weights are not fixed and are functions of utility levels, since marginal
policy changes do not change the welfare weights. For example, if W = L e (Vi) di for a concave function G, then the

social marginal utility of income would be n; = G’ (\A/L (O)) Ai).
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With these definitions, Proposition 1 characterizes the marginal welfare gain to individual ¢ from

pursuing the policy.

Proposition 1. The marginal welfare impact to individual i of pursuing policy path P (0) is given by:

2 lo=o : bo(a8s o dGy X di 2 diy

=0 _ atg ii AN i ijy

N o | @l TG ot Z i g 100 Z i g 100
N—— j:l

Net Resources

Public Spending/
Mkt Failure

Behavioral Impact

on Gouvt Revenue

Proof. The proof is an application of the envelope theorem and is provided in Appendix A.1. O

The first term, ‘2—%,
individual ¢ from the government, which is the difference between the change in spending on publicly
For

captures the redistributive impact

is straightforward: it is the change in net government resources provided to

provided goods and transfers and the collection of taxes on goods and labor supply activities.
budget neutral policies, recall that fZ %di = 0; in this sense, %
of the policy. These transfers increase social welfare to the extent to which those receiving the net
transfer have higher values of the social marginal utility of income than those who pay for the net
transfer.

The second term captures the value of any changes to publicly provided goods, %M:g. This
is given by the difference between the willingness to pay for the publicly provided goods and their
Ou;

Ja G,

. dGl
costs of production, ijl Y !

G
€

lo=o- This component is well-known and popularized in

Samuelson (1954). One can interpret this number as the size of the market inefficiency being addressed
by the publicly provided goods. If the private market can efficiently supply and allocate all goods,

then agents would be able to pay ¢, to obtain a unit of a good that is equivalent to the publicly

BuZ

provided good, so that ” = G. If the private market does not provide such goods as efficiently as
the government, then one needs to know the difference between the costs and benefits of its provision.
It is the

impact of the behavioral response to the policy on the government’s budget It is a Weighted sum of

The final term in Proposition 1 summarizes the importance of behavioral responses.

the causal effects of the policy on behavior locally around the status quo, d9 2 9—0 and 2 |9 0, With
the weights given by the marginal tax rates.

The causal effect matters because of a fiscal externality. The envelope theorem guarantees that
behavioral responses do not affect utility directly; however, when prices do not reflect their resource
costs (as is the case with taxation), behavioral responses impose a cost on those bearing the difference

between the prices faced by the individual and their resource costs.?> Conditional on calculating this

25 As discussed in Appendix B, if there are other externalities one also requires an estimate of the impact of the policy
on those externalities as well. However, the causal effects remain the desired behavioral responses.
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fiscal externality, behavioral responses are not required for welfare analysis.?6

Example 1. Assume there is one publicly-provided good, G, called roads. There is one untazred
consumption good, z, and there is one labor supply variable, 1, which has a labor tax of T'. Assume
there is only one type of agent (drop i subscripts). Also, assume there is no lump-sum taxzation, T = 0.
Normalize 0 to parameterize an increase in spending on roads, so that @(9) = G + 0 and thus
% = 1. To impose budget neutrality, assume the marginal tax revenue (obtained from increasing the
tax on labor supply) is spent on roads,
ydi - adrtdG

In this environment, Proposition 1 implies that the marginal welfare impact is positive if and only if

B o dl
Eﬁ —Cq| 2 —Tl@ 0=0 (7)
ox

where the LHS is the net willingness-to-pay for additional roads®”, 7' is the marginal taz rate on labor
supply, and j—g\gzo is the causal impact of the policy on labor supply. It is the response that would be
observed if the policy were undertaken to increase G financed by an increase in .28

The desirability of additional roads depends on how they affect government revenue. If roads
increase labor supply because they make it easier to get to work, then the policy response is smaller; if
roads increase the value of leisure and decrease taxable income, this makes roads less socially desirable
(not because the planner doesn’t value leisure, but because the government has a stake in the labor
earnings).

In practice, the intuition in equation (7) can be useful for bounding the welfare gain of a policy.
For example, Baird et al. (2012) estimate that a de-worming program in Kenya led to an increase in
income tax revenue (from improved health and labor supply) that was sufficient to cover the program

costs (i.e. T%\gzo > ¢g). Under the mild assumption that individuals preferred being offered the de-

25For completeness, it is also important to note that a decomposition of causal effects into income and substitution

duy

83” —¢§. Income and price effects depend on the Hessian
) Auy

(2nd derivative) of the utility function, whereas the size of the market failure, ai” — CJG, depends on the first derivatives

of the utility function (Mas-Colell et al. (1995)).

2"Note that optimization implies A = %.

28 In general, %|9=0 is neither a Marshallian nor a Hicksian response. Indeed, one can write the RHS of equation (7)
using a set of Marshallian elasticities and arrive at the optimality condition provided by Atkinson and Stern (1974). Let
I (Tl, G) denote the solution to the agent’s mazimization program given tazes on labor, ', and government spending G.
Also, following Atkinson and Stern (1974), assume that 7'l = G, so that the government has no other spending other
than on G. Then, it is easy to show that

effects do not help measure the size of market inefficiency,

2l OE € TeEx g
do 1+er,
where €] . is the standard marshallian elasticity of labor supply with respect to the labor tax rate, holding G fived; and

€1« g 15 the elasticity of I with respect to G, holding 7! fized. So, the policy elasticity can be computed from these two
marshallian elasticities. But, such a decomposition is not necessary; the policy elasticity is sufficient.

lo=o0 =
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worming program, g—;‘ > 0, one can conclude the program improved welfare without fully estimating

the welfare benefits of the program.

Proposition 1 shows that the type of behavioral responses required depends on the policy in ques-
tion. For example, if a policy increases marginal tax rates on individual ¢ and provides no com-
pensation, it is an uncompensated response; if it compensates agents for their tax increase, it is a
compensated response; if a policy increases tax rates to finance increased education spending, one
needs to incorporate not only the impact of the increased taxes on behavior, but also incorporate the
impact of the simultaneous increase in education spending on behavior that affects the government’s
budget. To provide terminology to distinguish the desired responses from Hicksian or Marshallian
price responses, I define the policy response of x;; and l;; to be the local causal effect of the policy
on z;; and l;;. Similarly, I define the policy elasticity of x;; and [;; to be the local causal effect of the

policy on log (z;5) and log (l;;).

Definition 1. The policy response of x;; (or l;; ) with respect to policy P (6) is given by %b o (or

dlo T; dlo
g( g)’_ ( — 9( )|9_)

dl” i lo=0). The policy elasticity of x;; (or l;;) is given by €7 or e
Given these definitions, the behavioral impact term of Proposition 1 has three representations:

2T

: arl Jx Ix Jr
. dly; . L
+Z iy | =2 fJ o Llo= 0+Zm o lo=o | = | 2orTiEl + 2 i ®)
J J J

a (Ix Lo,
2 D FEig >0 Tl Zwu
i=1 j=1

Total - Mechanical Impact on Govt Revenue Behavioral Impact Behavioral Impact

on Govt Revenue (levels) on Govt Revenue (logs)

where the weights for the log responses, ¥ = 7/ l ) equal the government revenue on

i i
each good (or labor supply). ’ ’

The representations in equation (8) suggest there are multiple potential empirical strategies one
can use to estimate the impact of the behavioral response to the policy on the government’s budget.
First, one could attempt to estimate the fiscal externality directly. If one had a counterfactual budget
forecast of what the government budget would be in the absence of any behavioral responses (the
“mechanical impact on government revenue” in equation (6)), one could compare the difference in the
realized budget and the mechanical revenue that would have been observed in the absence of behavioral
responses.?’ Second, one could estimate the micro-level behavioral changes x; and I; resulting from
the policy and multiply by the government’s stake in the behavior. In this micro approach, one can
either use policy responses and marginal tax rates (levels), or using policy elasticities and government

revenues on each activity (logs).

2.4 Which Policy Elasticities Are Necessary?

Proposition 1 includes the policy responses of all goods by all individuals, \9 0, and & \9 0-

However, this requirement can be reduced in many ways depending on the setting. Clearly, one does

29 As discussed further in Section (4), this approach is taken by Chetty et al. (2013) who estimate the marginal incentives
from the EITC schedule increase EITC expenditures by 5%.
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not need to know how a policy changes the choice of untaxed goods or labor. Moreover, one can
aggregate responses for goods (or labor supply activities) with the same marginal tax rate. To see

this, note that if 7 = 79, then

T@, +7—@| - d(x1+:c2)|
1p 6=0 + T2~ lo—0 = 71 70 0=0

In particular, if the government has only one marginal tax on all forms of taxable income and no
taxes on goods, then the change in taxable income for each type ¢ is sufficient. Moreover, one can
aggregate responses across types with equal social marginal utilities of income: if 7;, \;;, = 1;,A;i,, then

d(xilj +xi2j)
do

the aggregate responses for types i1 and is (e.g. lg=o for each j) are sufficient for each

individual’s response to the policy.

Relation to Feldstein (1999) If there is only one tax rate on aggregate taxable income and social
marginal utilities of income are the same for all types, then the aggregate taxable income elasticity
is sufficient for capturing the behavioral responses required for welfare analysis. This insight was
recently popularized in Feldstein (1999). I provide two clarifications to this result.? First, it is in
general neither the Hicksian (compensated) nor the Marshallian (uncompensated) elasticity of taxable
income that is desired for analyzing the welfare impact of government policy. Rather, it is the taxable
income elasticity associated with the policy in question, which depends on how the revenue is spent.
Second, the taxable income elasticity is not sufficient to the extent to which individuals face multiple
tax rates. For example, if capital income is taxed at a different rate than labor income, the elasticity
of the sum of these two incomes would not be sufficient. Moreover, one also needs to know the extent
to which policies affect consumption of subsidized goods or services (e.g. enrollment in government
programs such as SSDI or unemployment insurance). In contrast, the impact of the behavioral response
to the policy on the government’s budget (i.e. the fiscal externality) remains sufficient even in the

cases when individuals face multiple tax rates on different behaviors.

2.5 Relation to Hicksian elasticity

As discussed in the introduction, previous literature has highlighted the role of Hicksian (compensated)
elasticities in the welfare evaluation of government policy changes. However, Hicksian elasticities
measure the causal effects of policy changes that hold utility constant; hence Proposition 1 shows that
they are not sufficient for evaluating the welfare impact of policies that actually change utilities.

Of course, my results do not contradict any mathematical results from previous literature on the
role of the Hicksian elasticity in certain circumstances. Indeed, there are two prominent and distinct
classes of models where a Hicksian (compensated) elasticity arises. I discuss both of these cases in
detail in Appendix C, but provide a short overview here.

The first class of models in which Hicksian (compensated) elasticities arise is in the derivation of

30These clarifications are distinct from the insight of Chetty (2009a) who shows that the aggregate taxable income
elasticity is not sufficient if the private marginal cost of tax avoidance is not equal to its social marginal cost.
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optimal taxes with a single (representative) agent. This problem was proposed by Ramsey (1927) and
analyzed in detail by Diamond and Mirrlees (1971). It yields the classic “inverse elasticity” rule for
commodity taxation: at the optimum, tax-weighted Hicksian price derivatives for each commodity are
equated.

This formula involves compensated responses because, with a single agent, a necessary condition
for taxes to be at an optimum is that small budget-neutral changes to taxes do not affect utility. Hence,
around the optimum, the causal effects are Hicksian responses (because utility is not changing at the
optimum). Thus, the optimal commodity taxes in this setup depend on Hicksian elasticities defined
locally around the optimum.3! But evaluating the welfare impact of policies that change commodity
taxes require the causal effect of that policy. If policy is at an optimum and there is a single agent,
then the policy elasticity for budget-neutral policies is a Hicksian elasticity and the marginal welfare
impact of a policy change is zero.

The second class of models in which Hicksian (compensated) elasticities arise is in the calculation
of the marginal deadweight loss or “excess burden” from taxation (see, e.g., Feldstein (1995, 1999);
Chetty (2009a)). Such a calculation involves a hypothetical comparison between distortionary taxa-
tion of goods and labor supply activities and individual-specific lump-sum taxation. In particular, the
compensating variation (CV) measure of deadweight loss asks how much additional revenue the govern-
ment could obtain if it switched from distortionary taxation to individual-specific lump-sum taxation,
while holding utility constant (Mas-Colell et al. (1995)). Because the hypothetical policy involves
holding utilities constant, the causal effect of the policy experiment defining marginal deadweight loss
is governed by a Hicksian price response.3?

While the marginal excess burden of taxation provides a potential measure of the welfare cost
of distortionary taxation, the hypothetical policy experiment is left incomplete: it calculates the
additional revenue obtained by the government but does not specify what the government does with
this revenue. Any spending would affect utilities and behavior. Indeed, the welfare impact of policies
aimed at reducing the distortionary burden of taxation depend on the causal effects of such policies,
which will not in general be Hicksian price responses. Of course, one may wish to know the welfare
cost of raising government revenue, but as I show in Section 3, the Hicksian price response will not in

general be required.

2.6 Extensions

Although the model allowed for considerable heterogeneity across individuals, it assumed a stylized

model of production with perfect competition and fixed resource prices.> This rules out many phe-

31Diamond and Mirrlees (1971) also consider a model with heterogeneous agents and derive their tax rules in such
settings. With heterogeneous agents, the equation of compensated revenues is no longer desirable so that the formulae
no longer depend on compensated responses (see Section VII, page 268). This is because small budget-neutral policy
changes does not hold the agents’ utilities constant at the optimum when there are heterogeneous agents. Some agents
are better off; others are worse off.

32 Appendix C also discusses the equivalent variation (EV) measure of deadweight loss. This measure also depends on
a form of compensated elasticities, but they are not technically Hicksian elasticities.

33Note that the aggregate impact of the policy on the value of production (i.e. GDP) does not enter the welfare
calculation. This is not because of the stylized model of production per se. At the optimum, individuals trade off
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nomena that may be important for real-world welfare estimation but can easily be incorporated into
the model. For example, by assuming real prices are always 1, the model ruled out general equilibrium
effects and pecuniary externalities. If the policy increases the price of i’s labor supply activity 7, then

she will obtain a resource benefit of lij% lo=0, where dzluéj lo=o is the impact of the policy on the after-

tax wage faced by individual ¢ on her jth labor supply activity. These additional impacts can simply
be added to the resource transfer term, %|9:0’ in Proposition 1. Hence, when policies have general
equilibrium effects, one also needs to track the causal impact of the policy on prices, and adjust the
size of the resource transfers in Proposition 1 accordingly. The causal effects are still sufficient, but
one needs to also know the general equilibrium effects of government policies.

Policy analysis becomes slightly more difficult when there are non-pecuniary externalities. Ap-
pendix B provides an extension of the model to the case where there is a variable (e.g. pollution)
affecting the individuals utility that is a function of other individuals’ behavior. In these cases, one
requires the causal effect of the policy on the level of pollution; but in addition, one requires an esti-
mate of the individual’s marginal rate of substitution between pollution and income, analogous to the
requirement for the provision of un-priced publicly provided goods. Welfare analysis in these mod-
els is more complicated because of the difficulty in valuing the externality, but the policy elasticities
continue to be the required behavioral responses.

Finally, the model presented here is not explicitly dynamic. To be sure, one can think of j indexing
time, but in these cases one must then consider policy paths which specify not only current but also
future policies. In practice, it is easier to consider responses to current policy changes without needing
to account for any potential future policy changes. A natural path forward is to think of the model
as static but then consider policies that are not budget neutral in the short run. One can then ask
whether pursuing such non-budget neutral policies are worth their costs imposed on the government
that (at least eventually) must satisfy its budget constraint. It is this type of an approach that

arguably motivates the large literature on the marginal cost of public funds, to which I now turn.

3 Additivity and the Marginal Costs of Public Funds

The previous section shows that in general it is sufficient to consider the causal impact of a policy
on behavior. However, many government policies are not budget neutral. So, it is often desirable to
adjust the welfare analysis of non-budget neutral policies for the welfare cost of policies needed to
raise their required revenue. Such an adjustment is the the motivation for the large literature on the
marginal cost of public funds (MCPF).

This section provides a condition that allows welfare impacts of policies to be added together.

This condition leads to a natural definition of the marginal costs of public funds of non-budget neutral

their private benefit from production (their after-tax wage) with their private cost of production (their disutility of
labor supply activities). If production increases because of the policy, this envelope condition suggests individuals were
privately indifferent to the change. Hence, such changes to production matters for welfare only through the impact on
the government budget. However, if there are spillovers or externalities in the production process, one would need to
account for the impact of the policies on these externalities in a manner analogous to the impact on the fiscal externality
(see Appendix B).
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policies as the welfare impact of policies per dollar of government spending.
To begin, suppose one is interested in characterizing the marginal welfare impact of a policy path,

P (). Suppose that two policy paths, Prq, (6) and Pgyy, (0), sum to the policy path of interest, P (6):
(P (0) = P(0)) = (Praz () — P (0)) + (Pgap (6) — P (0)) (9)

Condition (9) requires that the movement from the initial policy position, P (0) towards P (#) can be
written as the sum of two movements: first in the direction of Prgy, (0) and second in the direction
of Pggp (0) (or vice-versa). This equality must hold for all components of the policy (taxes, transfers,
and public provision of goods). For example, Pgy, (6) could be a policy path that spends money from
the government budget on a public good; Pra, (0) could be a policy that raises government revenue
through increasing the labor tax rate. In this case, P (f) would be a policy that simultaneously

increases the labor tax rate and spends the resources on the public good.?*

Proposition 2. Suppose P (8), Pra, (0), and Pgay, (0) satisfy equation (9). Then, the marginal welfare

vl

impact of the comprehensive policy on type i, denoted 99/\7!9:0, s given by

ov:P | oV ax | oV Eer |

50 16=0 —55—l6=0 —55—16=0

90 _ 9 SPR:L (10)

Ai Ai Ai
5‘}iPTaz ‘ DViPEQCP |

where 3")\71,0:0 and ‘%TH denote the marginal welfare impact of the component policies, Prq.
and Prgp.

0

VP . :
5 = VVZ-P%, where % is the vector of policy

Proof. Let VV; denote the gradient of V;, so that
changes. Note that

ovr dpP
a ~ Vi
_ - dPray dPEacp
= VW ( do + do )
o dPTaac dPE:rp
= VV; 20 +VV; 20
gvras gy ey
L 90
where all derivatives are evaluated at 6 = 0. O]

34The non-budget neutral policies, Pra; and Pgsp, implicitly change government debt obligations. Intuitively, when
the government implements non-budget neutral policies, it is either borrowing resources from its own citizens or from
abroad (in an open economy). I do not explicitly model such borrowing, but it is important to note that one can augment
the model to allow the level of government debt or obligations, B, to affect the agents’ behavior, u; (xi,li, Gi, B). In this
case, non-budget neutral policies can increase B; but when considering the sum of two non-budget neutral policies that
sum to a budget neutral policy, one can ignore the impact of each individual policy on B, since on aggregate B remains
unchanged in any budget neutral policy experiment.
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Given a welfare estimate of an expenditure policy, M, Proposition (2) shows how one can

aV_PTa,z
add a welfare estimate of a tax policy, %Tlezo, in order to analyze the welfare impact of the budget-
vt
neutral policy, WT!QZO. The key requirement in equation (9) is straightforward: the expenditure policy

and the tax policy must sum to the total policy of interest.

Despite being straightforward, equation (9) is not innocuous. For example, it is violated by welfare
analyses of non-budget neutral policies that use marginal deadweight loss or marginal excess burden
to adjust for the welfare cost of raising revenue. As discussed in Appendix C, the standard (equivalent
variation) version of marginal deadweight loss corresponds to a budget-neutral policy, Prg., that
imposes a tax and returns the revenue lump-sum to the agent. Equation (9) shows that marginal
deadweight loss cannot be combined with a non-budget neutral (e.g. expenditure) policy to form a
budget-neutral comprehensive policy.?>

The motivation for creating a notion of the marginal cost of public funds (MCPF) is to provide
an adjustment to the welfare analysis of non-budget neutral policies. Hence, a particularly natural
definition of the MCPF is the welfare impact per dollar change in the government budget. To be
specific, let P denote a non-budget neutral policy. I define the marginal cost of public funds in units
of individual #’s income to be

avP
o [mIdile=oy,
MCPF) =" (11)
Jier i di
avt

which is the sum of the welfare impact on each individual, Tpr:O

7

individual 7.3 Then, given a budget neutral policy, P, that can be decomposed into two policies, Prq,

, normalized in units of dollars to

and Pg,),, the additivity condition implies

dW 4 - o

=5 =n (MCPF}, —MCPF, ) (12)
so that policy Pgg), provides a benefit of M CPFIEDEW per dollar of government revenue and a cost of
M C’PF};TGz per dollar of government revenue. Intuitively, whether the comprehensive policy increases
welfare depends on whether the expenditure policy has a greater benefit per unit of government
revenue than the cost imposed by the tax policy of raising the revenue. I illustrate this definition

using Example 1.

Example. (Example 1 Continued) Consider the welfare cost a policy Prq, (0) that raises 0 units of

35For equation (9) to hold, Pgep must be a budget-neutral expenditure policy financed using lump-sum taxation.
Intuitively, one would need to add a third policy that would impose a lump sum tax to raise the revenue spent on the
expenditure policy.

36Note that the 7 notation makes clear the units of income used in the definition; it is not the welfare impact on type
2. It is the welfare impact on all types measured in units of i’s income.
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revenue through a tax on labor supply, 7 (0).3" The marginal welfare impact of this policy is

QVPTax 7
S o= dl
00 |9 0 — _1 + T PTa:r ‘ _

A do (13)

dlp

. i lo=0 is the behavioral response to the

where the “—1” arises from the net negative transfer, and

tax policy that increases government revenue. Recall there is a single agent so that the MCPF does
not depend on the choice of income units, i. Moreover, % = —1 because the policy raises 0 units of

revenue. So, the MCPF of the tax policy is given by

ovPTax

55— lo=o0
MCPFp,, = 2
do

dlp,
-1 + 7 d’zax ’9:0

-1
leTaac |0_
dog %Y

= 1-7

Intuitively, the marginal cost of public funds is given by one plus the causal impact of the response to
taxation on the government’s budget constraint.

Now, let Py, (8) denote a policy that spends G (§) = G + 6 on additional roads. Then,

oV FEp ’ Ju di
6=0 0 Ppe
789)\ = <8g - cg> +1+7 dz 290 (14)
oz
d, since % =1
and, since 35 =1,
ou r
g dlpy,
MCPFp,,, = (gg — cg> +1+7 dzw lo=0
ox
ou
where (gfj — cg> is the net willingness to pay for the roads and “1” arises from the net positive transfer.
ow

dl
The last term, T Z’Z”’ 1s the impact of the behavioral response to the increased expenditure on roads

on the government’s budget. This term would be positive if roads increased labor supply; negative if it

caused people to take more vacations and reduce labor earnings.

3"For simplicity, I normalize the speed of the path so that Z—g =-1
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Combining equations (13) and (14),

8‘771’|670
Mf = MCPFp,, — MCPFp,,
ou >
679 leTaa: PEQCP
e —_— — C + T — =
0u ao =0t g
T
_ (5 dip
= @ — Cg + T% 0=0
oz
here 4|, is the joint effect of th dit d tazation poli lab ly. H % lo=o
where W“’:O 1s the joint effect of the expenditure and taxation policy on labor supply. Hence, e

is precisely equal to the total welfare impact given in equation (7).

The definition of the marginal cost of public funds in equation (11) has several features. First, it
is defined separately for any non-budget neutral policy, fz‘e 7 %di # 0. So, one can talk not only of
the MCPF of increased taxation but also the MCPF of reduced education spending or other potential
financing mechanisms.

Second, identifying heterogeneity in the MCPF across different policies is equivalent to identifying
welfare-improving budget neutral policies. Given two non-budget neutral policy paths, P! and P2,
there exists a welfare improvement for financing more of policy P! and less of P? if and only if
M C’PFI%'D1 > M CPFI%DZ (note this comparison does not depend on the choice of income units, %, as
long as the same units are used for the MCPF of P! and P?). This suggests analyses of expenditure
policies can simply report their MCPF as a measure of “cost-effectiveness” of the government spending,
as opposed to embedding external estimates of a MCPF from other studies. Intuitively, social welfare
is improved when resources are allocated from less cost-effective policies to more cost-effective policies.
This definition of the MCPF provides a formal and generic toolkit for making such comparisons.

Third, although previous literature has debated extensively about whether the MCPF should be
constructed using compensated or uncompensated elasticities, my definition in general does not rely
on either. It depends on the causal effect of the non-budget neutral policy in question.3®

Fourth, the definition of the MCPF requires the researcher to be clear about whose income is being
used to measure welfare, 7. One can easily move from ¢ to j’s income by multiplying by the ratio Z—j
But, one must be explicit about whose income units are being used for the construction of the MCPF,
a point previously made by Slemrod and Yitzhaki (1996, 2001) and Kaplow (2008). I return to this

issue in the analysis of redistribution in Section 4.

38This causal effect may be either a compensated response, an uncompensated response, or neither. For tax policies, if
agents expect the increased revenue to be returned through future transfers or publicly provided goods and then borrow
against these in capital markets (i.e. Ricardian equivalence holds), then the behavioral response may be similar to a
compensated response. In contrast, the uncompensated approach may describe behavior if people do not expect future
tax revenue or do not borrow against these future benefits. Indeed, whether or not the policy response is compensated or
uncompensated arguably depends the degree to which Ricardian equivalence holds and how people respond to government
debt. Of course, I do not explicitly model government debt. But, as eluded to in Footnote 34, comparisons of the values
of MCPF are implicitly constructing budget neutral policies (e.g. MC’PF};1 — MC’PF};Z is the welfare impact of taking
$1 along policy path P» and using it to increase spending along policy path P;). Hence, the combined policy is budget
neutral so that one need not isolate the particular impact of government debt on behavior and utility.
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Relation to Previous Literature Of course, this is not the first paper to propose a definition of
the marginal cost of public funds. There are many different conceptual definitions®?. Equation (10)
perhaps provides an explanation for why: there is an infinite number of ways to split a comprehensive
policy into a tax and expenditure policy. Each tax policy simply imposes a different requirement
on the expenditure policy and vice-versa. For example, one could use the marginal deadweight loss
as a measure of the marginal cost of public funds, as in the so-called Pigou-Harberger-Browning
tradition (Pigou (1947); Harberger (1964); Browning (1976, 1987)). But, then the expenditure policy
must finance the policy using lump-sum taxation (and one must incorporate the associated income
effects as discussed in footnote 35). Because expenditure policies rarely finance the expenditure with
lump-sum taxation, such a decomposition adds an empirical burden for identifying the welfare impact
of comprehensive policies. In contrast, my definition of the MCPF aligns the hypothetical policy
experiment with the actual policy experiment, so that welfare analysis depends solely on the policy
elasticities; a decomposition of causal effects into income and substitution effects are not required.

My definition of the MCPF is closely related to Slemrod and Yitzhaki (1996, 2001), who also define
a MCPF for tax policies as the per-dollar welfare impact of the tax change and generally interpret the
desired behavioral responses to be uncompensated elasticities. My definition of the MCPF has several
distinctions. Most importantly, it is applicable to any non-budget neutral policy, including hybrids of
tax and expenditure policies. This allows it to closely align with actual government policy proposals.
More technically, my construction of the MCPF shows that the desired behavioral responses are in
general neither compensated nor uncompensated responses; one instead needs the policy elasticities.
Hence, the MCPF can be estimated using the causal effects of actual non-budget neutral policy
changes.

Finally, at a more abstract level, my approach contrasts with the broader spirit of the MCPF
literature in that I do not attempt to define a single MCPF; rather, identifying heterogeneity in the
MCPF across policies is equivalent to identifying welfare improving policies, as shown in equation
(12). If there were a single MCPF for all policies, the marginal cost/benefit of government spending

on all policies would be the same.

4 Redistribution

I apply the framework to study the desirability of additional redistribution. To be more specific, I
consider the welfare impact of a policy that would increase the generosity of the earned income tax
credit (EITC) to poor single mothers financed by an increase in the top marginal income tax rate.
A benefit of applying the framework to the case of pure redistribution through taxation is that I do

not need to estimate the value of any changes to publicly provided goods. However, the desirability

39See the citations in Footnote 2 and Dahlby (2008) for a recent overview. Also, Fullerton (1991) provides evidence that
these definitions matter: he shows heterogeneity across three estimates of the marginal excess burden are rationalized
by the different conceptual definitions employed in each of the papers, not by different data usage or empirical methods.

40The EITC program program provides benefits to groups other than single mothers. However, most previous literature
has focused on the causal impact of expansions to the EITC program on single mothers. To align my policy with these
existing causal estimates, I consider an expansion of the program targeted solely to single mothers.
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of redistributing from rich to poor will depend on their relative social welfare weights. Because many
may disagree about such parameters, I will not solve directly for the social welfare impact of the
policy. Rather, I solve for the set of implicit social marginal utilities of income that rationalize the

status quo amount of redistribution as optimal, 2V

= 0. If one’s own social preferences are more
(less) redistributive than these implicit weights, then one would prefer a more (less) redistributive
policy. From a positive perspective, the approach will illustrate how much the current U.S. income

tax structure implicitly values money in the hands of the poor relative to the rich.

4.1 Setup

Let P () denote the policy where 6 dollars are raised from the rich through an increase in the top
marginal tax rate on ordinary income that are then transferred to poor single mothers through the
an increase in the size of the EITC*!. Let (f) denote the taxable income of individual i subject to
the standard income tax rate (i.e. I; excludes dividends) and let [ denote the threshold above with
this income is taxed at the top rate, 77" (9). It will be helpful to classify individuals, i, into two
(non-exhaustive) groups: ¢ € Rich, for whom l; (0) > I, where [ ~ $400K, and i € Poor, who are
low-income single mothers currently eligible for EITC benefits, generally [; (0) < $40K.

Importantly, I allow the social marginal utility of income to differ between rich and poor. However,
within the set of rich and poor, I make the simplifying assumption that the social marginal utilities
of income are the same. Let n7°°" denote the social marginal utility of income for a poor individual
and let %" denote the social marginal utility of income for a rich individual. Let Wp (0) denote the
social welfare under the policy P (#). Under these two simplifications, the desirability of redistribution

is characterized in the following proposition.

Proposition 3. dWP lo=o > 0 if and only if

dx;
nRich _ nPoor f (Z] f] ;:03 |9 o+ TZ] d9 |9 0) di (15)
Poor - 7_Rwh .
e Sicrion 5 lo=o (I = 1) di
Social Preference Leaks in Okun’s Bucket

for Add’l Redistribution

Proof. The proof is a straightforward application of Proposition 1, and is provided in Appendix A.3.
O

The LHS of equation (15) measures the marginal benefit to social welfare of transferring money
from rich to poor. The RHS of equation (15) is the fraction of the mechanical revenue raised by taxing

the rich that is lost due to behavioral responses.

“IMore specifically, the precise EITC policy expansion I consider is an increase in the maximum benefit level in a
manner that maintains current income eligibility thresholds and tax schedule kink points (but raises the phase-in and
phase-out rates in order to reach the new maximum benefit). However, the results from Chetty et al. (2013) suggest the
phase-out slope of the EITC has only a minor impact on labor supply (most of the response is from individuals below
the EITC maximum benefit level choosing to increase their labor supply). This suggests the causal impacts (policy
elasticities) would not be too sensitive to the precise design of the phase-out of the program.
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The intuition in equation (15) is Okun’s classic leaky bucket experiment (Okun (1975)): one’s
preference for redistribution can be stated as how much resources one is willing to lose in order to take
from the rich and give to the poor. Equation (15) is also a generalization of the standard Baily-Chetty
formula for the optimal amount of social insurance (Baily (1978); Chetty (2006)). At the optimum,
the value of transferring money from rich to poor (given by the difference in social marginal utilities)
is equated to its cost (given by Okun’s bucket).

Equation (15) differs from approaches in previous literature studying optimal taxation with hetero-
geneous agents. These approaches generally use Hamiltonian-based methods introduced by Mirrlees
(1971) and pioneered empirically by Saez (2001). Although the first order conditions of the Hamil-
tonian provide insight into the optimal slope of the tax schedule, the optimal level of the schedule
is identified from the transversality condition (i.e. budget constraint). Hence, the optimal level of
redistribution to the poor depends on an integral of all elasticities across the income distribution,
evaluated at their optimized levels (Piketty and Saez (2012)). Such an integral is difficult to estimate
in practice, and hence studies of optimal taxation often only comment on tax rates, not the level of
redistribution (Piketty and Saez (2012)). In contrast, Equation (15) does not provide information
about the optimality of the entire tax structure. However, it does yield a fairly simple formula that
characterizes whether the level of benefits to the poor should be increased through the particular

redistributive policy in question.

4.2 Empirical implementation: A MCPF Approach

The leaks in Okun’s bucket in equation (15) depend on the policy elasticities for a policy that simul-
taneously increases EITC benefits and raises the top marginal income tax rate on ordinary income.
In practice, the causal effects studied in the literature tend to focus on each policy independently.
Therefore, I use the additivity condition to write the comprehensive policy as the sum of two policies:
an increase in EITC generosity by $1, PFITC | that is financed out of government revenue; and a
raising of the top marginal income tax rate, P7% that is used to increase government revenue by $1.

Both of these non-budget neutral policies induce a marginal cost of public funds. To raise $1 in

tax revenue from taxes on the rich, one imposes a welfare loss on the rich given by

BVR%Ch‘
Iggax |9=0
Rich  __ Aftich
MCPFEh = e
LGI do d

which does not depend on social marginal utilities of income because we’ve assumed these are constant
amongst the rich. Similarly, to raise $1 in tax revenue through a reduction in EITC benefits, one

imposes a welfare loss on the poor given by

BVPOO’I‘

pEITC
— 55— lo=0
Poor _ APoor
MCPFEgfe = —202
fiGI do
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which again does not depend on social marginal utilities of income because we have assumed these are
constant amongst the poor.
Rich .
Using equation (12) and the ratio of social marginal utilities of income, ZPW, to translate MCPF g}i’;

into units of income to the poor, the welfare impact of additional redistribution is given by

dWp

~plo=0 = T MCPFL . — " MCPFH,

which yields the following Corollary to Proposition (3).

Corollary 1. 22 (,_, > 0 if and only if

Rich )
MCPFEe — %MC‘PF}%‘;’; >0 (16)
Whether additional redistribution is desirable depends on whether the marginal value of the ex-
penditure, given by MCPF;‘E’%C, is greater than the cost, given by MC’PFJIE%Z};. Since the MCPF of
the tax increase on the rich is defined as the willingness to pay out of income of the rich, one needs to
multiply the social marginal utility of income of the poor, %, so that the tax policy is evaluated in

units of income to the poor. I consider the calculation of M CPFII:,%%(;@ and M CPFII:,J 2% in turn.

4.2.1 Tax Increase on Rich

There is a large literature estimating the causal effect of changes to the top marginal income tax rate
(see Saez et al. (2012) for a recent review). To construct an estimate of the impact of the behavioral
response to such tax rate increases on the government’s budget, I make several assumptions that are
common in this empirical literature. First, I assume that the policy has no spillover effects, so that
the response to the top marginal income tax rate is zero amongst those whose earnings are below
[. This is commonly assumed in existing literature (e.g. Feldstein (1999)), as lower income groups
are used as controls for macroeconomic effects argued to be unrelated to the tax policy. Of course,
this assumption could be relaxed if one had an estimate of the causal effect of the policy on taxable
behavior of those earning below the top income tax threshold.

Second, I assume that the rich have no income shifting across tax bases with different nonzero
tax rates. This rules out the program having an impact on capital gains, for example. Again, this
assumption could be relaxed with additional empirical work estimating the causal effect of raising the
top income tax rate on tax revenue from capital gains.

With these assumptions, the MCPF of raising revenue from the rich through an increase in the

top marginal tax rate is given by
1

147

where r is the fraction of mechanical ordinary income tax revenue lost from behavioral responses to

MCPFfh =
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the tax increase,
dif e

[ i .
Jic rien Ti —ig— lo=0di

d#laz T N L
Rich ar __
fiERiCh o ’9=0 (lz l> di

r =

~ iTax
Here, I; is the taxable ordinary income of the rich and dlji—@\g:o is the response of taxable ordinary

income to a policy that raises the top marginal tax rate and uses the finances to raise government
revenue.*? Note 7 < 0 if behavioral responses lower tax revenue.

There is a large literature focused on estimating r by studying the impact of changes in the top
marginal income tax rate, such as the Omnibus Budget Reconciliation Act of 1993 (a.k.a. the Clinton
tax increases). Although this literature estimates r using causal effects of changes to top marginal tax
rates, there is often a goal of attempting to subsequently decompose these behavioral responses into
income and substitution effects. Indeed, the parameter r is sometimes referred to as the “marginal
excess burden” of the income tax (Saez et al. (2012); Feldstein (1999)). However, r is only a measure
of the marginal excess burden if the individuals taxed are compensated for the impact of the policy

diZe=
change, so that ——[¢—¢ is a compensated response (Mas-Colell et al. (1995)). In contrast, for my

analysis I prefer the value of r corresponding to the causal effect of the policy that changes the top
marginal tax rate. Hence, the estimates of r in previous literature, derived from causal effects of policies
that vary the top marginal income tax rate, are arguably better suited for my welfare framework than
for estimating the marginal excess burden.*3

Saez et al. (2012) note that there is a wide range of estimates of the taxable income elasticity
estimated as causal effects from tax policies, but they suggest a measure of 0.5 as relatively middle-
of-the-road. Given their estimates of the income distribution, this implies that 50% of the mechanical
revenue is lost due to behavioral responses, r = —0.5. Put differently, this suggests the marginal cost
of raising $1 in government revenue from an increase in marginal income tax rates on the rich imposes
a $2 welfare loss on those subjected to the tax increase., so that MCPF Ilf%ff; = 2.

There is of course considerable disagreement about the response to changes in the top marginal tax
rate. Indeed, precise identification of the responses of top earners to taxation is a difficult empirical
exercise. As a result, I will also consider the range of plausible values of —r from 20-70%, as suggested
by Giertz (2009).

42To see this, note that

oy Rich

plaz | drRich A L
0=0 L — PR
0;)1%7 fieRich do lo=o (li — 1) di

aiPter g diTax dzTaw diTaw
. 1 : 12 ; x ij 1 ij ;
iAo Jicrien T i lo=0di + Ji > T le=0 + T —g5—le=o0 | di

1
1+r

430f course, by taking estimates of r derived from previous literature, I am assuming that the policy elasticities of
the top tax rate change today would be similar to the response to historical policy changes. If one knew how specific
economic factors might change these policy elasticities relative to historical experience, one could adjust the causal
estimates accordingly.
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4.2.2 EITC Expansion

There is also a large literature estimating the causal effects of EITC expansions, especially impacts on
single mothers. To conform existing causal estimates into an estimate of MCPF II; °or ' T make several
assumptions commonly made in the empirical literature. First, I assume the policy has no effect
on groups ineligible for the expansion. This assumes no response amongst (1) individuals above the
income eligibility threshold and (2) low-income women choosing to become single mothers to become
EITC eligible. Support for (1) is found in Chetty et al. (2013) who find minimal effects of behavioral
responses in the so-called “phase-out” region of earnings above the refund-maximizing earnings level.
Support for (2) is found in Hotz and Scholz (2003) who summarize the empirical literature as finding
little or no effects on marriage and family formation.?* Both of these assumptions could easily be
relaxed with precise estimates of the impact of the behavioral responses of these groups to EITC
expansions on its budgetary cost.

For EITC eligibles, I assume that the only behavioral impact of the program that affects tax
revenue is through ordinary taxable (labor) income. Although capital income is less of an issue for
EITC recipients, this assumption also rules out fiscal externalities of the EITC expansion on other
social program take-up, such as SSDI or food stamps. To the extent to which an EITC expansion
crowds out take-up other government services, my analysis will underestimate the social desirability
of increasing funding of the EITC.

With these assumptions, one obtains an expression analogous to the tax policy:

1

MCPF}];E%C - m

where p is the fraction of the mechanical revenue distributed that is increased due to behavioral

distortions,

| diEITC
)

LEPoor Ti T do

dTEITC d+EITC

p =
fz’EPoor <ld€|9=0 + ijdg |9:0li> di

o—0di

There is a large literature focused on estimating the causal effects of EITC expansions on taxable
behavior, such as labor supply. These causal effects provide estimates of the policy elasticities necessary
for computing p. The effects documented in previous literature consist of both intensive and extensive

. . . [BITC . . R
labor supply responses. With extensive margin responses, —;— may not exist for all 4, as individuals

make discrete jumps in their choice of labor supply. However, this is easily accommodated into the
model. To see this, normalize the index of the Poor to be the unit interval, i € Poor = [0,1]. Then,
order the index of the poor population such that I; (#) > 0 implies l}- (0) > 0for j < iandall € (—¢,e).
With this ordering, there exists a threshold, i“£'7" (), such that i < i*#'" () indicates that 4 is in the

labor force and i > %" () indicates that 4 is not in the labor force. Hence, i*F'F (6) is the fraction of

44A further defense of this assumption is found in the EITC papers using single women without children as a control
group (e.g. Eissa and Liebman (1996); Chetty et al. (2013)).
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the poor single mothers that are in the labor force. With this notation, the impact of the behavioral

response to the policy by the poor on the government’s budget is given by:

JIEITC . diLFP JIEITC .
—/P 7! ld@ lo=odi = (TilLFP(O)liLFP(O)) 7 |90—/ 7! ld@ lo—odi (17)
1€ Poor 1<%

Extensive Margin Intensive Margin

where TZ.lL Fp (o)liLFP(o) is the average taxable income (or loss) generated by the marginal type entering

the labor force and di;gp is the marginal rate at which the policy induces labor force entry. The cost

resulting from extensive margin responses is given by the impact of the program on the labor force
participation rate, multiplied by the size of the average subsidy to those entering the labor force.??

There is a large literature analyzing the impact of the EITC expansion on labor force participation
of single mothers, beginning with Eissa and Liebman (1996). These approaches generally estimate
the causal effect of EITC receipt on behavior using various expansions in the generosity of the EITC
program. Hotz and Scholz (2003) summarize this literature and find consistency across methodologies
in estimates of the elasticity of the labor force participation rate of single mothers, 7, rate with respect
to the average after-tax wage, F [(1 — Tf) l[}, with estimates ranging from 0.69-1.16.

I translate this elasticity into equation (17) by normalizing 6 to parameterize an additional unit of

the mechanical subsidy*® and writing:

LFP 7l l;
(e @lirer ) %“’ZO B ((1< LTZZ)(O)L)FZ(LOF)I)D((D) EEF[‘@_EZ)Z%]

where GZIE 5 l)l] is the elasticity of the labor force participation rate with respect to the after tax
T

E Tsll%
wage rate and El[zl%l] is the size of the subsidy as a fraction of after tax income for the marginal
—)i:

labor force entrant. For the elasticity of labor force participation, I choose an estimate of 0.9, equal

E Hzﬂ

to the midpoint of existing estimates (Hotz and Scholz (2003)). For W, one desires the after

tax wages and subsidies for marginal entrants into the labor force. While such parameters could be
identified using the same identification strategies previous papers have used to estimate the labor
supply impact of the EITC, to my knowledge no such estimates of the marginal wages and subsidies
exist. However, Eissa and Hoynes (2011) report that the average recipient obtains a subsidy equal to
9.2% of gross income in the 2004 SOI; Athreya et al. (2010) report the average recipient obtains a
subsidy equal to 11.7% of gross income in the 2008 CPS. I therefore take the approximate midpoint
of 11%.

4>Because my model assumed individuals face linear tax rates, the distinction between the average and marginal tax
rate is not readily provided, but it is straightforward to verify that the fiscal externality imposed by those entering the
labor force is given by the size of the subsidy they receive by entering the labor force, not by the marginal tax or subsidy
they face if they were to provide an additional unit of labor supply.

HEIT ~EITC
dT c dTij

46This normalizes fiepoor ( L le=0 + —5 |e=oli) di=1
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These calculations suggest the extensive margin impact on the government budget is given by:

di 0.11
E [ fls} R
7% e 11011

Extensive Margin

* 0.9 =0.09

so that the EITC is 9% more costly to the government because of extensive margin labor supply
responses. Taking elasticity estimates in the 0.69-1.12 range reported by Hotz and Scholz (2003),
yields estimates of the extensive margin impact ranging from 0.07 to 0.11. Hence, if one assumed only
extensive margin responses were operating, the policy elasticity would be p = 0.09, ranging between
0.07 and 0.11.

Until recently, there was little evidence that the EITC had intensive margin impacts on labor sup-
ply. However, the recent paper by Chetty et al. (2013) exploits the geographic variation in knowledge
about the marginal incentives induced by the EITC, as proxied by the local fraction of self-employed
that bunch at the subsidy-maximizing kink rate. Using the universe of tax return data from EITC
recipients, their estimates suggest that the behavioral responses induced by knowledge about the
marginal incentives provided by the EITC increase refunds by approximately 5% relative to what they
would be in the absence of behavioral responses, with most of these responses due to intensive margin
adjustments.

If knowledge of the average subsidy of the EITC generates extensive margin responses and knowl-
edge of the kink schedule (as proxied by the presence of self-employed bunchers) generates intensive
margin responses, then the results of Chetty et al. (2013) should be added together with the extensive
margin responses found in previous literature to arrive at the total impact of an EITC expansion. This
yields an estimate of p = 0.09+0.05 = 14% with a range of 0.12-0.16 taking the range of extensive mar-
gin labor supply responses. However, this is potentially an overestimate of the net effect of behavioral
responses because some of the responses found inChetty et al. (2013) is along the extensive margin
responses. Therefore, I also consider the case that the 0.05 figure in Chetty et al. (2013) captures all
of the EITC response (so that p = 0.05). This arguably provides a lower bound of the impact of the
policy. For an upper bound, I consider the upper range of extensive margin response can be added to
Chetty et al. (2013), so that p = 0.11 + 0.05 = 16%.

The estimate of p = 14% suggests that raising $1 in general government revenue through a reduction
in EITC spending would only require a reduction in benefits of 1/1.14=$0.88. Hence, the marginal
cost of raising public funds from poor single mothers through a reduction in their EITC benefits is
MCPF }jg%c = 0.88. Put differently, the causal estimates from previous literature suggest that the
government could lower EITC benefits mechanically by $0.88 to obtain an extra $1 because of the

reduction in behavioral distortions.
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Combining EITC and Tax Policy Combining the midpoint estimates suggests additional redis-

tribution is desirable iff

Rich

0.88 — 2

Poor —

or
nRich S 0.447713007"

Additional redistribution is desirable if and only if one prefers $0.44 in the pocket of an EITC recipient
relative to $1 in the pocket of an individual subject to the top marginal tax rate (i.e. with income
above ~$400K)

Table 1 shows how the welfare analysis varies with different assumptions about r and p. Taking
estimates from the range of previous literature (—r € [0.2,0.7] as suggested by Giertz (2009) and the

nch

fraction of EITC revenue lost due to responses of 5-16%) yields a range of np—oot € [0.26,0.76]. Hence, at
the upper range of the elasticity estimates, the results suggest roughly 75% of the mechanical revenue
gain would be lost due to included behavioral distortions, so that redistribution is desirable only if
one prefers $0.26 in the pocket of an EITC recipient relative to $1 in the pocket of someone subject to
the top marginal tax rate. On the other end of existing estimates, redistribution is desirable as long
as one prefers providing $0.76 to an EITC beneficiary over an additional $1 to someone subject to the

top marginal tax rate.

Table 1: MCPF_Poor / MCPF_Rich
r
0.00 -0.20 -0.50 -0.80 -1.00

b MCPF 1.00 125 2.00 500 N/A
0.00  1.00 1.00 080 050 020 0.00
0.05  0.95 095 076 048 0.19  0.00
0.14  0.88 0.88 070 044 0.18 0.00
016  0.86 0.86 069 043 0.17 0.0

Individual vs. social marginal utility of income Whether one wishes to redistribute at these
costs is ultimately a matter of social preference. Okun suggested 60% leakage (Okun (1975)) was
tolerable to himself, which implies he values $0.40 in the hands of the poor equally with $1 in the
hands of the rich.

Many may regard a 56% marginal reduction in economic activity to be too high a cost to pay
for additional redistribution. But it is also perhaps helpful to compare this to standard measures
of within-person preferences towards lotteries over income. In particular, suppose individuals have

CRRA utility over consumption with coefficient of relative risk aversion, o. Then, the social marginal
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utilities of income can be written as

nRich B ¢Ri6hul (cRich) B ¢Rich CPoor g
nPoor - wPoorul (CPOOT‘) - wPoor cRich

where 7" and 17" are the relative planner weights on marginal utilities.

Assuming the rich consume at least 5 times that of the poor, and assuming ¢ > 1, one can derive
the bound: (%)U > 20%. Hence, a utilitarian planner for which Rt — 4Poor should be willing
to lose at least 80% of the mechanical revenue in order to redistribute from rich to poor. Thus, even
if redistribution would entail a loss of 75% of the mechanical revenue, a utilitarian planner should
prefer additional redistribution. Put differently, under the additional assumption of CRRA utility
with o > 1, the range of existing policy elasticities suggest the implicit social welfare weights that

rationalize the status quo policy are regressive: pfich > qFoor

5 Conclusion

This paper provides a general framework for evaluating the marginal welfare impact of government
policy changes. The results show the causal effect of the policy in question on behavior that affects
the government budget are the key behavioral responses required for welfare analysis. Because these
responses vary with the policy in question, they are in general neither Hicksian nor Marshallian price
elasticities; I term them policy elasticities.

My results suggest estimates of causal impact of policies can readily be translated into a general
welfare framework. In particular, I hope the framework is useful for those employing the rise in
reduced-form methods for evaluating changes to government policies which generally do not have the
modeling structure provided by structural methods (which readily yield welfare statements). Indeed,
translating the growing literature that uses reduced-form methods to estimate the causal effects of
government policies and using them to derive their implicit MCPF would seem particularly promising.
It has the potential for the creation of a new volume of estimates of the MCPF for different policies

and a more comprehensive analysis of the desirability of potential government policy changes.
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Online Appendix: Not for Publication

A Appendix: Proofs
A.1 Proof of Proposition 1

dv;
I first characterize @fzo. Taking the total derivative of V; with respect to 0, I have

~ Al ~Ax 7 A ~ ~ N N
@_dVi( i,Ti,ﬂ',yi,Gi) _VidT; s avidc; X ov 7 iavi drl;

a0 0 S a0 229G, do 2= 9rt ap o db
j=1 j=1 ¥ j=1 ]

Applying the envelope theorem from the agent’s maximization problem and evaluating at 6 = 0 implies

oV
= —Ti\i
or’ i
oV
o —lijA;
Tii
oV
oT;
8‘/; . 8uz
0G; 090G,
Replacing terms, I have
TR (- O SR T s Zl
R T i w2l

Now, I use equation 5 to replace the total transfers, %, with the net government budgetary position,

de , which yields

~ Ja Ou; A - A7z Jr, Al

dv; G, o\ dGi dt; d drt.

Y R e YL

dg =0 =" ;<A CJ) a9 "o " ag TR Z””de ;”de
Finally, note that equation 6 shows I can replace the difference between the total revenue impact,
d% [R (ﬂx, Xi, Til, il)} , and the mechanical revenue effect, Zjﬁl Tij de L 4 Zle lu de , with the behav-

ioral impact of the policy on the government budget constraint, yielding

JG 8“1’ A ~ Jx Jr, o
dV; 3G, dG;; dt; 2 dZ; dl;
— gm0 = by i G Y -t j 1 %ij
a0 lo=0 Z ( i CJ) 40 + a0 + Z "5 10 Z "5 0

J=1

Now, I show that dg | is equal to the marginal equivalent variation and marginal compensating

35



variation. Recall that EV; (0) solves
‘/’; <Ti17T;<7E7 Givyi + E‘/:L (9)> = V; (6)

Thus, differentiating with respect to € and evaluating at 6 = 0 yields

OV; d[EVi], __gg
dy;  do =0 qp ="

or

Similarly, recall C'V; (0) solves
Vi (7 (0) .7 (0) . T3 (60) . G (0) i = CVi (0)) = Vi (0)
Differentiating with respect to # and evaluating at § = 0 yields

dVi, _d[CVi]‘ Vi
dp 100 o "=y,

=0

or

dv;
so that f\:‘z is equal to the marginal equivalent variation and marginal compensating variation of the

program.

A.2 MCPF with Hicksian Elasticities

Given the prominence of the Hicksian elasticity and role of MDWL in previous theoretical and empirical
literature, it is perhaps helpful to explain when it could be used as a measure of the marginal cost of
public funds. Let Prq, () denote a policy that increases the tax rate and returns money lump-sum
in a manner such that utility is held constant. Clearly, dv;% = 0 by construction. However, the tax
policy is not budget neutral; the government runs a marginal deficit because of the lump-sum transfers

needed to hold the agent’s utility constant. The deficit is equal to:

dfPTaz _ _TdZPTaz |
o dg ="

jpTaz Lo .. . .
where & 77— is the hicksian response to raising 1 unit of revenue through labor taxation.

In order for the additivity condition to hold, the corresponding expenditure policy must use lump-

sum taxation to finance not only the roads but also the budget deficit induced by the tax policy.
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Hence, Py, (6) must raise a surplus,

thPEzp dZPTaz
=T

db df

and provide one unit of roads, Cfi—g = 1. Thus, the welfare impact of the expenditure policy (which

equals the welfare impact of the combined policy) is given by

oV PExp ou P P
50 ‘920 G dl Tax dl Exp
- oG 18
3 (gg cg> + 7 70 +7 70 (18)

P, T . . . . . .
where % d]; ¥ is the behavioral response to a policy that simultaneously increases government spending

on public goods and raises more revenue than the cost of the public goods via lump-sum taxation.
Therefore, one can use MDWL (CV) as a measure of the welfare cost of distortionary taxation; but
one must then be able to estimate the impact of an expenditure policy that not only finances the
public goods, but also imposes a lump-sum tax of a greater amount than the cost of the public goods.
Intuitively, the behavioral response required from the expenditure policy simultaneously adds back in
the income effects from lump-sum taxation and effects from the road expenditure.

Equations (??) and (18) present two different potential approaches to estimating the welfare impact
of the same policy. If one knew the Hicksian elasticity or the MDWL, one could attempt to identify
the corresponding expenditure policy. But, since most expenditure policies are not financed out of
lump-sum taxation, it is arguably more natural to define the marginal costs of public funds as the

welfare costs of policies that raise government revenue.

A.3 Proof of Okun’s Leaky Bucket Formula

The marginal welfare impact of the policy on a rich individual, 4, is given by

Rich A - >
T dfin i” dii; +i71 di;
Ak =g AN

d Rich , R
-
0

where the second line follows from the fact that the net revenue taken from the rich excludes what
was lost from their behavioral response. Hence the welfare impact on the rich is purely the mechanical
impact of the tax change on their income.

To simplify the analysis, I assume that the marginal social utility of income is equated among the
rich and given by nf¥". Hence, the aggregate welfare impact of raising this revenue from the rich is

given by
dV-RiCh

Rich do Rich drftich o
nw/ di = — / (L—l)di
icRich Al icRich 0 ’
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For the poor single mothers, the marginal welfare increase is given by

dV~POOT ~ J . J ~

— dtfom _ ZX - dz;; n ZL T;Adlij

NPoor—dp 7 df Y db
v J J

Again, to simplify the analysis, I assume that the social marginal utility of income is constant amongst

EITC recipients. With this assumption, the aggregate welfare impact on the poor is given by

vaoor N J J
dtroor X L dT; L di;

Poor Poor [ 1j l ij .

n / —|di =n . — + di

i€ Poor ( )\POO ) fzePoor df ZJ: g do ; Zj do

Now, budget neutrality implies that the net transfer to the poor is given by the mechanical revenue

raised minus the behavioral responses from all non-poor types:

diPoor drRich A
Lo—di = li—1)di g Wij 1 @ig | g
/féPom" a /z'eRz'ch df ( ) o /z’QPoor ;T” a i |

so that the welfare impact on the poor is given by

vaoor

dr Rich B ds dl.
Poor db . Poor . - ij 1 ij .
L /iePOOT<AZPOOT) i=1 /iemch i i~ zj: Gg T | di

Combining, the impact of the policy on social welfare is given by

aw drFich doi;  dlj; . drRieh .
- oor L —1)di— x %] el dil — RlCh/ lZ_l di
a " /ie ricnd0 ( ) ’ / ZJ: Titgg i | T e d0 ( ) '

So that the policy increases social welfare if and only if

. l'dxm l dlzg
nchh f (ZJ ng a0 ] a0 di

~ . Poor drRich (3 .
7 Jicrien “an (li - l) di

Leaks in Okun’s Bucket

B Appendix: Externalities (and Internalities)

The analysis assumes individuals maximize their welfare without imposing any externalities on others
or internalities on themselves. While researchers may debate the extent of externalities or internalities,
my result that the causal response to the policy is required for policy analysis readily extends to a

world with internalities and externalities.

38



To see this, now suppose that the agents’ utility function is given by
u; (Xi, i, Gi, ;)

where the externality imposed on agent i, F;, is produced in response to the consumption choices of

all agents in the economy,
E; = f{ (x)

where x = {x;}, is the vector of all consumption decisions made by the agent (one could generalize
this easily to incorporate [). I assume that there is no market for F; and that agents do not take FE;
into account when conducting their optimization. Note that I allow E; to interact arbitrarily with
the utility function, but I assume it is taken as given in the agents’ maximization problem. Thus,
E; could represent a classical externality (e.g. pollution) or a behavioral “internality”. An internality
could be welfare costs of smoking that are not incorporated into their maximization program, or could
incorporate “optimization frictions” of the form used by Chetty (2009a) where taxpayers over-estimate
the costs of tax sheltering so that the marginal utility of tax sheltered income is not equal to the
marginal utility of taxable income.
The value function is now given by

‘/Z' (Tila chaTivyh Gia E’L) = mnaxu; (X, 1, Gi, Ez)

X7

JX JL
st Y (475 oy <Y (1 —~ T}j> Lij +Ti +yi
i=1 j=1

Given each agent’s solution to this program, xj, I construct F; = fiE (x) and x is the vector of solutions
to each agents optimization program.

All other definitions from Section 2 are maintained. In particular, policy paths are defined as in
equation 4.47 Proposition 2 presents the characterization of the marginal welfare impact of a policy

evaluated at 8 = 0.

Proposition 4. The welfare impact of the marginal policy change to type i is given by

dV; J Ou; A ~ J N J ~ Ou; N
a0 |9=0 _ ZG: 616 _ CG dGij + % + ZX: Tix- dCEi]‘ + ZL: Tl-l-dlij i OF; dEZ'
A ; Ai J do do —~ ' df —~ " dp A df
Jj=1 ~~ J J ~——
I t Ext lit
Public Spending / Transfer Impact on Gout mpact on Externality

Market Failure

4"Note that I do not allow the government to directly affect the level of E. This would be duplicating the role of
publicly provided goods, as I could specify G to be provision of goods which mitigate the externality (either directly or
through their effect on agents’ choices of ).
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where

dE; _ T3 OfF diy;
db ; 8952-]- db
1s the net marginal impact of the policy on the externality experienced by type i.

Proof. Taking the total derivative of V; with respect to 8, I have

Al ax ALF . R . . R
dv; (Ti,Ti ,Ti,yz‘,Gi,E¢> Vi dT; s ov: G X ov: dr JZL av; dil; oV dE;

- . . x l .
do OT, df " <0Gy db ' < Orf db ' < or; 6 ' OE; df

Applying the envelope theorem from the agent’s maximization problem and evaluating at # = 0 implies

oV;
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3Gij 3Gij
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OE; 0K,
Replacing terms, I have
~ Ja _Ou; A Jx ~x Jr Al r
av; dt; 5 Gy dr dl;  ou; dE;
CACTI Y ISR P A el i i
dp = o "N ;””ﬂ o ; a0 " 9E, b

Now I use equation 5 to replace the total transfers, %, with the net government budgetary position,

d@ , which yields

dvi Jo [ ou dCy di; Ao . Al Jn dl ou, dE;
om0 = A ;(A;—ng) ot g R (AR - Z‘T”d ‘]le“de”aEi do

Finally, note that equation 6 shows I can replace the difference between the total revenue impact,
d% [R <7A'ix,5<i, Ti17ii):| and the mechanical revenue effect, Zj 1 x” d@ AR Z] 1 i dZ)J , with the behav-

ioral impact of the policy on the government budget constraint, yielding

Ja Ou; JL 2
dv i dG. dt dl; Ou; dE;
R PR /\i iy C ij l i ! !
a0 ’0—0 ;:1: ( i ¢ ) ” d@ ; & do + oF; dob

And, note that I can expand df;i by taking a total derivative of F; = fiE (x) across all goods and
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types, yielding

dE; 5 X ofF diy;
de - p 8.%'1']' db

Jj=1

which concludes the proof. O

With externalities, I must know the net causal effect of behavioral response to the policy on the

externality, dc%' = (ij g%ij dgéj ), along with the the marginal willingness to pay for the externality,
Ou;
IE;

vl Therefore, the welfare loss from a behavioral response that reduces government revenue may be
counteracted by the welfare gain from any reduction on the externality imposed on other individuals.
Thus, financing government revenue using so-called “green taxes” that also reduce externalities may
deliver higher government welfare than policies whose financing schemes do not reduce externalities.*8
This is the so-called “double-dividend” highlighted in previous literature (Bovenberg and de Mooji
(1994); Goulder (1995); Parry (1995)). My results show that even in this world, the causal effect of
the policy on behavior, i.e. the policy elasticity, continue to be the behavioral elasticities that are

relevant for estimating welfare impact of the policy.

C Appendix: Relation to the Hicksian (Compensated) Elasticity

As discussed in the introduction, previous literature has highlighted the role of Hicksian (compensated)
elasticities in the welfare evaluation of government policy. This appendix outlines the two classic cases
where the Hicksian elasticity arises: (1) optimal commodity taxation and the “inverse elasticity” rule

and (2) marginal deadweight loss from distortionary taxation.

C.1 Optimal Commodity Taxation and the “Inverse Elasticity” Rule

Ramsey (1927) proposes the question of how commodities should be taxed in order to raise a fixed
government expenditure, R > 0. Diamond and Mirrlees (1971) provide a formal modeling of this
environment and show that, at the optimum, the tax-weighted Hicksian price derivatives for each
good are equated. Here, I illustrate this result.
Assume there is a representative agent and drop 7 subscripts. A necessary conditions for tax policy
to be at an optimum is given by R
dV
d—gp =0
for all feasible policy paths, P. With a representative agent, the optimal tax would be lump-sum of size
R. However, the optimal commodity tax program proposed by Ramsey (1927) makes the assumption
that the government cannot conduct lump-sum taxation. Hence, the only feasible policies are those

that raise and lower tax rates in a manner that preserves the budget constraint.

48 As is well-known (e.g. Salanie (2003)), if taxes are initially near their optimal levels, then at the margin it is not
clear that an additional green tax will be any more desirable than a tax on any other good.
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Consider a policy, P (), that lowers the tax on good 1 and raises the tax on good 2. The optimality

condition is given by

Z et dx’“ - (19)

Equation (19) suggests more responsive goods should be taxed at lower rates, thereby nesting the
standard “inverse elasticity” argument (higher < ﬂ should be associated with lower 7). The optimal
tax attempts to replicate lump-sum taxes by taxmg relatively inelastic goods.

Diamond and Mirrlees (1971) further note that, because dc‘l/ep = 0 at the optimum, one can expand

the behavioral change using the Hicksian demands, :ck,

dog _ Oxpdn | Oy dro
do  Or db Oty do

h
where, in general, there would be the additional term, %%, but this vanishes at the optimum.

Hence, that the optimality condition is given by
—— 20
Z’“an do Z’“am do (20)

so that the tax-weighted Hicksian responses are equated across the tax rates — precisely the classic
result in Diamond and Mirrlees (1971) (see equation 38).49

However, note that one never relied on compensated elasticities to test the optimality condition
in equation (19). Compensated elasticities arise only because of the assumption that policy is at the
optimum. One could consider any budget-neutral policy that simultaneously adjusts two commodity
taxes and test equation (19) directly. Conditional on knowing the causal effects of such a policy,
one would not need to know whether income or substitution effects drive the behavioral response to

commodity taxes. The policy elasticities would be sufficient.

C.2 Tax Distortions and Marginal Deadweight Loss

It is also well known that compensated elasticities measure the marginal excess burden (MEB) or
deadweight loss (MDWL) of the tax system. To illustrate this, again focus on one representative
agent and drop 4 subscripts. Assume there is just one good, Jx = 1, and one type of labor supply,
Jr = 1. Let 7 denote the marginal tax on labor supply. Let P () denote a policy which increases
the tax rate 7 (0) = 7 + 6. Assume the policy does not change publicly provided goods. Thus, the

49Under the additional assumption that compensated cross-price elasticities are zero, one arrives at the classic inverse
elasticity rule:

83:? dry
E _ 0Ty df
T1 DIQ’ dro
Oty db

so that optimal tax rates are inversely proportional to their compensated (Hicksian) demands.
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marginal welfare impact of the tax increase is given by

SA dt dl
20 _ B B
A lo=o0 do lo=0 TdG lo=0

where for now I refrain from specifying the impact on net transfers, g—g|9:0.
Previous literature defines two measures of MDWL: a “compensated variation” (CV) and equivalent
variation (EV) measure (see Mas-Colell et al. (1995) or Dahlby (2008) for a discussion). I discuss each

of these in turn.

CV Measure of DWL The compensating variation (CV) measure of deadweight loss is the in-
creased revenue a government could obtain switching from the distortionary taxation to lump-sum

taxation while holding the agent’s utility constant. Thus, marginal CV is the value of j—g|9:0 that
v
solves the equation 2 /‘\9:0 =0, or

MDW Loy = %M:o = —T%\ezo
Because utility is held constant in this policy experiment, %]9:0 is precisely the compensated (Hick-
sian) response to the policy. Thus, the Hicksian elasticity captures the additional revenue a government
could collect from agents if they switched from distortionary to lump-sum taxation but held utilities
constant.%"

While the CV measure of DWL provides a measure of the welfare cost of distortionary taxation,
the hypothetical policy experiment is left incomplete: it does not specify how the additional revenue
is spent by the government. Since this spending would affect utilities and behavior, it would need to
be incorporated into a welfare analysis of an actual policy aimed at reducing the distortionary burden
of taxation.?! Welfare analysis of such a policy would no longer require the Hicksian elasticity; rather,

it would require the causal effect of that particular policy — i.e. the policy elasticity.

EV Measure of DWL The second measure of deadweight loss proposed in the literature is the
equivalent variation (EV) measure of deadweight loss. This is the agent’s willingness to pay for
switching from distortionary taxation to individual-specific lump-sum taxation in a manner that holds

the government’s budget constraint constant. So, the EV measure of marginal deadweight loss is the

value of —%)\%20 when the marginal revenue from the tax is returned lump-sum, so that %\9:0 = 0.
Hence, A
%b:o _ —Tﬂ\e—o
A do
50This interpretation of the CV measure of DWL and the Hicksian elasticity is well-known (e.g. Auerbach (1985)).

51This criticism of the CV measure of DWL is related to the point raised by Kaplow (2008) that a policy experiment
should completely specify all features of the policy.

MDWLgy = —
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Here, j—g|9:0 is not the Hicksian elasticity. Rather, it is the behavioral response to a policy which
increases marginal taxes, 7, and returns the revenue to the agent through lump-sum transfers. Because
of the distortions, the lump-sum transfers are insufficient to hold the agents’ utility constant.’? Thus,
j—g|9:0 is a type of compensated elasticity (the tax revenue is returned to the agent), but it is not a
“fully” compensated (Hicksian) elasticity.

In contrast to the CV measure of deadweight loss, the EV measure does correspond to a budget-
neutral policy experiment. However, the corresponding policy assumes that the revenue is returned to
precisely the same agent from whom it is taxed. To the extent to which distortionary taxation arises
because of the in-feasibility of individual-specific lump-sum transfers (Mirrlees (1971)), this policy is
not only unlikely to be observed in practice, but is infeasible given the information constraints imposed
on the government. In sum, the results suggest the Hicksian elasticity is not particularly useful for

marginal welfare analysis.

521t is straightforward to show that

v 191"
Salo=o T 5
T 1 _ 10l
A 1—7 T

where % is the slope of the Hicksian demand function and % is the (Marshallian) income effect.
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