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Abstract

x

We derive a sufficient statistics optimal income tax formula in a general model that incorporates
unemployment and endogenous wages, to study the shape of the tax and transfer system at the
bottom of the income distribution. Key sufficient statistics are the macro employment response to
taxation, the micro and macro participation response to taxation and the wage-moderating effect of
tax progressivity. We empirically implement the tax formula by estimating the micro and macro
elasticities using policy variation from the U.S. tax and transfer system. Our results suggest that
the optimal tax more closely resembles a Negative Income Tax than an Earned Income Tax Credit
relative to the case where unemployment and wage responses are not taken into account.
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A large literature has sought to characterize the optimal income tax when there is a desire for
redistribution (Mirrlees, 1971, Diamond, 1998, Saez, 2001). Many of the papers in this literature
typically assume that wages are exogenous and there is full employment. The objective of this
paper is to theoretically and empirically investigate the optimal income tax in the presence of
endogenous wages and involuntary unemployment.

On the theory side, we build on the discrete model of Saez (2002). Individuals choose an
“occupation” corresponding to a specific pre-tax income level (hereafter “wage”) and tax liability.
The model includes non-participation as an outside option and thus allows for selection into and
out of the labor force. Saez interprets non-participation as unemployment. According to this
definition, all unemployment is voluntary. We extend the model by introducing endogenous wages
and involuntary unemployment, where some participants fail in their search to find a job. Gross
wages and employment probabilities are assumed to be endogenous to the tax policy and this
endogeneity is captured by very flexible reduced-form functions. We do not impose any a priori
restrictions on these reduced-form functions and thus are able to capture a broad set of micro-
foundations of the labor market with general equilibrium effects. Therefore, we adopt a “sufficient
statistics” approach to characterizing the optimal tax policy (Chetty, 2009).

The first contribution of this paper is to derive a sufficient statistics optimal tax formula that is
valid in the presence of endogenous wages and (involuntary) unemployment. Our formula general-
izes the formula in Saez (2002) that includes both extensive and intensive labor supply responses.1

It is expressed in terms of social welfare weights, the income distribution, macroeconomic em-

ployment responses to taxation, and microeconomic and macroeconomic participation responses
to taxation.2 By “micro” responses, we refer to responses to taxation, holding wages and the
unemployment rate in all occupations constant. “Macro” responses, on the other hand, allow both
wages and conditional employment probabilities to adjust to a change in taxes.

There are two main differences between our optimal tax formula and the one of Saez (2002).
First, optimal tax formulas take into account the revenue effects of a tax reform. The revenue
effects include both the mechanical change in tax revenue holding constant employment, as well
as behavioral responses due to incentive effects. In Saez (2002), behavioral responses are captured
by labor supply responses which are the same as micro employment responses due to the full
employment and fixed wage assumptions. By contrast, in our model, labor supply responses are not
sufficient to characterize revenue effects, since taxes affect equilibrium wages and unemployment
through movements along the labor demand curve or search frictions. This drives a wedge between

1This is Equation (11) in the Appendix of Saez (2002), which corresponds to the general case.
2For ease of exposition, we hereafter refer to microeconomic as “micro” and macroeconomic as “macro”. Partici-

pation responses refer to changes in participations rates (i.e. the fraction of participants, employed or unemployed, in
a given population) to tax reforms while employment responses refer to changes in employment rates (i.e. the fraction
of employed in a given population) to tax reforms.
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labor supply and employment responses and as a result, behavioral responses are captured by
macro employment responses to taxation which are the sum of the direct labor supply effect plus
any indirect effects on employment operating through spillovers.

Second, optimal tax formulas take into account how taxation affects the social objective. In
Saez (2002), this is pinned down by the mechanical effect of taxes on consumption. This is for two
reasons. First, the analysis is partial equilibrium and taxes are assumed to only affect individual
taxpayers (as opposed to firms). Second, labor supply responses have only second-order effects
on the social objective due to the envelope theorem. Intuitively, labor supply responses due to a
small change in taxes have no first-order effect on individuals’ expected utility at an optimum; since
individual utility is unaffected, social welfare is unaffected. In our model, taxes additionally impact
wages and unemployment through spillover effects that operate in the market. These spillover
effects have a direct impact on expected utilities, beyond the mechanical consumption effect, as
they affect both gross wages (and hence consumption) and the probability of being employed.

We use a simple insight to characterize the social welfare effect in terms of sufficient statistics.
We note that a tax reform alters the expected utility of participating in one occupation relative to
non-participation. As a result, the magnitude of the participation response (in some occupation)
to a given tax reform is informative about the magnitude of the utility change (in that occupation)
generated by the tax reform. A tax cut that triggers a large increase in participation reveals that
individuals experienced a large increase in expected utility. We use this intuition to show that when
the social objective depends on individuals’ expected utilities, the mechanical social welfare effects
needs to be inflated by the (matrix) ratio between macro and micro participation responses. This is
because both the social objective and participation decisions depend on taxation only through the
effect of taxes on expected utility.

We then apply our formula to investigate whether the existence of unemployment and the en-
dogeneity of wages reinforces or lessens the desirability of an Earned Income Tax Credit policy (a
larger transfer to the working poor than to the non-employed, hereafter EITC) relative to a Negative
Income Tax policy (i.e. a larger transfer to the non-employed than to the working poor, hereafter
NIT).3 For this purpose, we consider two special cases of the general model.

The first special case we consider assumes that the tax liability in a given occupation does not
affect gross wages or conditional employment probabilities in other occupations. It also assumes
that labor supply responses are concentrated along the extensive margin so that individuals can
only participate in a single occupation or not participate at all. This is what we refer to as the

3The literature sometimes characterizes an EITC as a tax system featuring a negative marginal tax at the bottom, as
in Saez (2002). Jacquet et al. (2013) show that this is a very local result: with a continuous income model, employment
taxes feature a discontinuity at zero income and positive marginal tax rates at all income levels. Thus, we prefer to
designate a tax system as corresponding to an EITC when the employment tax is negative at the bottom. Note that
Hansen (2018) obtained both negative marginal and employment tax at the bottom.
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“no-cross effect” case. In this case, the optimal tax formula has a simple form that can be directly
compared to the optimal tax formula in the pure extensive margin models of Diamond (1980),
Saez (2002), Choné and Laroque (2005, 2011). In particular, an EITC is desirable whenever the
welfare weight on the working poor is larger than the ratio of the micro to the macro participation
elasticities, while the threshold is one with fixed wages and full employment.

The second special case we consider assumes that gross wages and conditional employment
probabilities in a given occupation depend on the tax liability in that occupation, the tax liabilities
in two adjacent occupations, and the welfare benefit. Participation in a given occupation depends
on expected utility in that occupation, along with the expected utilities in the two adjacent occu-
pations and the utility for non-participants. This generalizes the “mixed model” of Saez (2002)
with both intensive and extensive responses. There are key several differences that emerge. First,
macro intensive and extensive responses appear instead of micro responses. This is because be-
havioral responses are captured by macro effects. Second, the social welfare weights need to be
inflated to take into account that the macro effects of a tax reform on welfare differ from the micro
ones. Finally, there is a new term since a change in the marginal tax rate may affect employment
through a wage-moderating employment-enhancing effect of tax progressivity. This force tends to
increase optimal marginal tax rates as in models with search unemployment (see Hungerbühler et
al. (2006), Lehmann et al. (2011) and Hummel (2018)).

The second contribution of this paper is to numerically implement our optimal tax formula.
Following Saez (2002), we restrict ourselves to our extension of the “mixed model ”. We imple-
ment the formula in part by calibrating some of the sufficient statistics and in part by estimating
some of them. In particular, we focus on estimating the macro employment response to taxation
and the micro and macro participation response to taxation. In order to identify the micro effects
of taxation, we need a tax reform that holds wages and unemployment responses constant in a
labor market. In other words, we require variation in tax liabilities across individuals within the
same labor market. To identify macro responses to taxation, we require variation in tax liabili-
ties between labor markets. Our empirical strategy focuses on single individuals in the U.S. and
exploits policy variation in the tax-and-transfer system that operates over time, across states and
across households, which gives us three sources of policy variation. To estimate the micro par-
ticipation response, we rely on time and household variation by exploiting reforms to the federal
EITC that differentially affected single individuals depending on their number of children. The key
assumption is that spillover effects uniformly affect individuals, across different family structures
(e.g., different number of children), operating in the same labor market. Thus, our difference-in-
differences estimate will only reflect micro responses. For the macro employment and participation
response, we rely on policy variation across states and over time. Our identifying assumption is
that spillover effects to state-specific tax policy operate within states, but not across them. Thus,
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our difference-in-differences estimate will capture both micro responses and spillover effects. To
obtain both the micro and macro estimates, we isolate purely exogenous variation in tax liabilities
coming from policy reforms, following the simulated instrumental variables approach in Currie
and Gruber (1996) and Gruber and Saez (2002). Our instrumental variables (IV) estimates show
that the micro participation elasticity, for the full sample of single individuals, is 0.57. Our estimate
of the macro participation and employment elasticity is 0.48 and 0.42, respectively.

As an illustration, we use our empirical estimates to implement our sufficient statistics formula
and calibrate the optimal income tax. We demonstrate three key results. First, the ratio of macro to
micro participation responses has a large impact on the optimal tax policy: smaller macro responses
move the optimal schedule more towards an NIT-like tax schedule with a relatively larger lump sum
payment to the non-employed combined with higher employment tax rates and marginal taxes.
In particular, our empirical point estimates of the macro-micro participation ratio imply that the
optimal tax schedule features a lump sum payment that is around 17% higher than if this channel is
ignored. Second, the employment-enhancing effect of tax progressivity also has a large impact on
the optimal tax schedule the larger this effect, the larger the lump-sum payment, while at the same
time increasing the employment tax rates, as well as marginal tax rates at incomes levels where
employment taxes are positive. Third, we use our, albeit somewhat noisy, empirical estimates of
behavioral responses over the business cycle to show that during recessions, the optimal income
tax at the bottom shifts more towards an NIT-like structure with larger lump sum transfers and
higher marginal tax rates.

Our paper contributes to several strands of the literature. In the optimal tax literature, our paper
relates to Stiglitz (1982), Saez (2004), Rothschild and Scheuer (2013) and Sachs et al. (2016)
who solve for the optimal income tax with endogenous wages, but do not consider (involuntary)
unemployment. Hungerbühler et al. (2006) and Golosov et al. (2013) derive the optimal income
tax in models with search frictions and involuntary unemploymen, but with exogenous wages. We
show in the on-line appendix that these models are special cases of our model.

Our framework also highlights the relevance of the micro-macro “wedge” as a corrective device
in optimal tax models with spillovers. This insight was initially introduced in an Unemployment
Insurance (UI) context by Landais et al. (2018b,a) who derive a generalization of the “Baily (1978)-
Chetty (2006)” optimal UI formula when there are spillovers. We show in the on-line appendix
how their model can be obtained as a particular case of an extension of our model which includes
a tax on profits. While Landais et al. (2018b,a) focus on a dynamic model in a social insurance
setting, we consider the problem of redistribution in a static setting. Thus, our paper should best
be seen as being complementary to their paper.

On the empirical side, we contribute to the empirical literature that estimates micro and macro
behavioral responses to taxation. Chetty et al. (2011a,b), Chetty (2012) and Jäntti et al. (2015) have
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all tried to reconcile why taxation has a larger impact on employment at the macro (e.g., country)
level compared to micro labor supply responses estimated from quasi-experimental research de-
signs based on tax reforms. These studies use the terms “micro” and “macro” to correspond to the
source of variation used to estimate elasticities. Macro estimates are identified from cross-country
variation in tax rates whereas micro estimates are identified from quasi-experimental studies. Our
contribution to this literature is to use the same dataset and a consistent method to estimate both
the micro and macro elasticities for the U.S. We estimate the micro elasticity using micro data and
control for labor market fixed effects. For the macro elasticity, we pool the data to the market level
and control for year and state fixed effects and rely on within-state differences over time in the
tax-and-transfer system. Thus, differences between micro and macro estimates are less likely to be
confounded by differences in sample and/or methodology.

The rest of the paper proceeds as follows. Section I develops our theoretical model. Section II
contains details on Institutional background and describes our data and empirical results. Section
III considers the policy implications of our theoretical and empirical findings. The last section
concludes.

I The theoretical model
The size of the population is normalized to 1. There are I + 1 “occupations”, indexed by

i ∈ {0,1, ..., I}. An “occupation” in this model is best interpreted as a technical construct that is
distinct from the word’s conventional meaning. It can be viewed as a set of jobs that pay the same
wage. In the model, higher occupations require higher skills and thus higher wages. Occupation 0
corresponds to non-employment. We denote the gross wage in occupation i (equivalently pre-tax
earnings) by wi, the net wage (or consumption) by ci and the tax liability by Ti = wi− ci.4 The
timing of the model is as follows:

1. The government chooses the tax policy.

2. Each individual m chooses an occupation i ∈ {0, ..., I} to participate in. This is modeled
through heterogeneous search costs in each occupation.

3. For each occupation i ∈ {1, ..., I}, a fraction pi ∈ (0,1] of participants are employed, receive
gross wage wi, pay tax Ti and consume the after-tax wage ci = wi− Ti. The remaining
fraction 1− pi of participants are unemployed.

Unlike Saez (2002), we make a distinction among the non-employed individuals between
the unemployed who search for a job in a specific occupation and fail to find one and the non-

4The assumption of a finite number of occupations is made for tractability. A continuous wage distribution can be
approximated by infinitely increasing the number I of occupations.
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participants who choose not to search for a job. For each occupation i ∈ {1, ..., I}, ki denotes
the number of participants, pi ∈ (0,1] denotes the fraction of them who find a job and work,
hereafter the conditional employment probability, and hi = ki pi denotes the number of employed
workers. The number of unemployed individuals in occupation i is ki− hi = ki(1− pi) and the
unemployment rate is 1− pi. The number of non-participants is k0. The number of non-employed
is h0 = k0 +∑I

i=1 ki(1− pi).

We assume that all participants in occupation i face the same probability pi to be employed.
This “uniform rationing” assumption is made for tractability, just as the assumption that all em-
ployed in a given occupation are paid the same wage wi. All the non-employed, whether non-
participants or unemployed, receive the same welfare benefit denoted b. Therefore, the policy
choice of the government is represented by the vector t = (T1, ...,TI ,b).

The government faces the following budget constraint:

I

∑
i=1

Ti hi = bh0 +E ⇔
I

∑
i=1

(Ti + b)hi = b+E (1)

where E ≥ 0 is an exogenous amount of public expenditures. One more employed worker in
occupation i increases the government’s revenues by the amount Ti of tax liability she pays, plus
the amount of welfare benefit b she no longer receives, the sum of the two defining the employment

tax.5 The budget constraint states that the sum of employment tax liabilities Ti +b collected on all
employed workers in all occupations finances the public good plus a lump-sum rebate b over all
individuals.

In the on-line appendix, we consider several extensions of the model. First, we introduce a
continuous job search intensity and obtain the same optimal tax formula. Second, we consider an
extension of the model where unemployed in occupation i receive a benefit bi that may differ from
the welfare benefit z given to non-participants. We show that the generalized formula depends on
the same sufficient statistics. Finally, we consider an extension of the model with a partial tax on
profits and show that the wage response to taxation is an additional sufficient statistic that one must
account for in the optimal tax formiula.

I.1 Micro vs. Macro Responses

In the paper, we make a crucial distinction between macro and micro responses to taxes. On
the one hand, we define micro responses to a tax change in the hypothetical case where tax changes
do not affect gross wages w1, ...,wI or conditional employment probabilities p1, ..., pI . This is, for

5The literature interprets this term as the participation tax, which is not strictly correct whenever unemployment is
present.
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instance, the case for tax reforms frequently considered in the micro-econometric literature using
difference-in-difference identification strategies. For these research designs, indirect or spillover
effects of reforms typically affect wages and conditional employment probabilities in treatment
and control groups in a uniform way. As a result, these research designs typically identify the
micro or partial equilibrium effect of reforms.

On the other hand, macro responses to tax policy t are defined to encapsulate the general
equilibrium responses of wages and conditional employment probabilities to taxes. To describe
the latter, rather than specify micro-foundations, we use reduced-form functions denoted Wi(·),
Ci(·) and Pi(·). In occupation i, the gross wage is given by wi = Wi(t), the net wage is given by

ci = Ci(t)
def≡ Wi(t)−Ti and the conditional employment probability is given by pi = Pi(t). At

this general stage, we only assume that these functions are differentiable, that P(·) takes values
in (0,1] and that 0 < W1(t) < ... < WI(t) and b < C1(t) < ... < CI(t) for all tax policies t. The
two latter assumptions ensure that occupations indexed with a higher i correspond to occupations
with higher before-tax and after-tax earnings.6

I.2 Labor supply decisions

Let u(·) be the cardinal representation of the utility individuals derive from consumption. This
function is assumed to be increasing and weakly concave. Individual m faces in addition a utility
cost χi(m) for searching for a job in occupation i, with the normalization χ0(m) = 0. Heterogeneity
in χi(m) accounts for difference in the taste of work, but also for heterogeneity in skills. For
instance, if individual m does not have the required skill to work in occupation i, it becomes
extremely costly for her to apply to these jobs, in which case we consider that χi(m) = +∞.7

Individual m has a utility level equal to u(ci)−χi(m) if she finds a job in occupation i, u(b)−
χi(m) if she is unemployed in occupation i, and u(b) if she chooses not to search for a job. Let

Ui(t)
def≡ Pi(t)u (Ci(t))+ (1−Pi(t))u(b) (2)

denote the gross expected utility of searching for a job in occupation i, absent any participation
cost, as a function of the tax policy t, and let:

Ui
def≡ pi u(ci)+ (1− pi)u(b)

denote its realization at a particular point of the tax system. Let U0 = u(b) be the utility expected

6This assumption plays a similar role in our model to the single-crossing property in Mirrlees (1971)
7We can extend the model to a utility cost that is specific to employed individuals in each occupation. The only

consequence is notational.
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out of the labor force. Individual m expects Ui−χi(m) by searching for a job in occupation i. She
chooses to search in occupation i if and only if Ui−χi(m)>U j−χ j(m) for all j ∈ {0, ..., I}\{i}.
Provided that the distribution of participation costs (χ1, ..., χI) is smooth enough, one can write
the number ki of participants in each occupation as a function denoted ˆKi(·) of gross expected
utilities, so that:

ki = Ki(t)
def≡ ˆKi (U1(t), ...,UI(t),u(b)) (3)

In other words, the tax policy influences participation decisions only through the determination of
gross expected utilities. Therefore, to compute the micro and macro responses of participation to
taxation, one need first to compute the micro and macro responses of gross expected utilities to
taxation. The micro response of expected utility in occupation i to taxation in occupation j is given
by:

∂Ui

∂Tj

∣∣∣∣
Micro

= −pi u′(ci) 1i= j (4)

while the macro one is given by:

∂Ui

∂Tj
=

[
∂Ci

∂Tj
+

∂Pi

∂Tj

u(ci)−u(b)
pi u′(ci)

]
pi u′(ci) (5)

The micro and macro responses of expected utilities to taxation differ for two reasons. First,
for micro responses, unlike for macro ones, gross wages are held constant. Therefore, if i = j, the
tax change is passed through one for one to the worker and ∂Ci

∂Tj
= −1. If i 6= j, the tax reform

has no effect on before-tax and after-tax wages, so ∂Ci
∂Tj

= 0. Conversely, for macro responses,

tax adjustments may affect wages in a variety of ways so in general, ∂Ci
∂Tj
6= −1i= j. Second, at

the micro level, the conditional employment probabilities are unaffected by a change in taxes.
Conversely, at the macro level, responses of conditional employment probabilities have to be taken
into account. They may be due to changes in labor supply or due to changes in vacancy creation by

employers following gross wage responses. The matrix dU
dT

∣∣∣
Micro

of micro responses of expected

utilities is diagonal while the matrix dU
dT of macro responses may not be diagonal, in which case

the tax liability in one occupation affects expected utility in another occupation.8 We refer to the
off-diagonal elements of the matrix of macro responses as "cross effects" throughout.

Applying the chain rule to (3) and using matrix notations, the macro and micro participation

8For any function f of t = (T1, ...,TI ,b), we denote
df
dT

the square matrix of rank I whose term in row j and column

i is
∂ fi

∂Tj
for i, j ∈ {1, ..., I}. Symmetrically, the corresponding matrix of micro responses is denoted

df
dT

∣∣∣∣
Micro

. Finally,

we denote
d ˆK

dU
the square matrix of rank I whose term in row j and column i is

∂ ˆKi

∂U j
for i, j ∈ {1, ..., I}. In particular,

these matrices do not include partial derivatives with respect to b. "·" denotes the matrix product.
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responses to taxation are given by dK
dT = dU

dT · d ˆK
dU and dK

dT

∣∣∣
Micro

= dU
dT

∣∣∣
Micro
· d ˆK

dU . This lead us to
the following lemma:

Lemma 1. If matrix d ˆK
dU is invertible, the matrix ratio of macro to micro participation responses

is equal to the matrix ratio of macro to micro responses of gross expected utilities, i.e.:

dU

dT
·
(

dU

dT

∣∣∣∣
Micro

)−1

=
dK

dT
·
(

dK

dT

∣∣∣∣
Micro

)−1

(6)

The effect of a government policy on individual welfare is summarized by how that policy
affects her gross expected utility. Since participation responses depend only on expected utilities,
it follows that one may use the macro and micro participation responses to characterize how the
effects of a policy on welfare differ at the macro level compared to the micro one.

Lastly, given our definitions of labor force participation and job-finding probabilities, employ-
ment is given by:

hi = Hi(t)
def≡ Ki(t) Pi(t) (7)

I.3 Social objective

Choosing a social objective is a difficult issue as it relies on subjective value judgments. In this
paper, we restrict the social objective to depend on the allocation only through the determination
of expected utilities, so that the social objective is a function Ω (U1, ...,UI ,u(b)) of gross expected
utilities, which is nondecreasing in each of its I + 1 argument. This is for instance the case of any
weighted utilitarian social objective of the form:

Ω(U1, ...,UI ,u(b)) =
∫

γ(m)

(
max

i
Ui−χi(m)

)
dµ(m)

where the weights γ(m) are type-dependent and where µ(·) is the distribution of individuals.

I.4 The optimal policy

The government chooses the tax policy t = (T1, ...,TI ,b)′ to maximize the social objective
Ω (U1, ...,UI ,u(b)) subject to the budget constraint (1). Let λ > 0 denote the Lagrange multi-
plier associated with the latter constraint. The Lagrangian of the government can be written using
reduced-forms of the macro effects of taxes, independently of the micro-foundations underlying
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these reduced-forms:

Λ(t)
def≡

I

∑
i=1

(Ti + b) Hi(t)−b−E +
1
λ

Ω (U1(t), ...,UI(t),u(b)) (8)

Following Saez (2002), we define the marginal social welfare weight of workers in occupation
i∈ {1, ..., I} as “the value (in terms of public funds) of giving an additional dollar to an individual in
occupation i". Because we defined micro responses as those occurring for unchanged wages wi and
employment probabilities pi, the mechanical increase in social welfare after a rise in consumption
in occupation i is equivalent to the micro effect on social objective of a cut in tax liability in
occupation i. We thus get:9

gi
def≡ − 1

λ hi

∂Ui

∂Ti

∣∣∣∣
Micro ∂ Ω

∂Ui
⇔ 1

λ
∂ Ω
∂Ui

= −
(

∂Ui

∂Ti

∣∣∣∣
Micro

)−1

gi hi (9)

The social weight gi represents the social value in monetary terms of transferring an additional
dollar to an individual working in occupation i ignoring the responses of wages and of the condi-
tional employment probabilities. It is non-negative according to (4). Absent these responses, the
government is indifferent between giving one more dollar to an individual employed in occupation
i and gi more dollars of public funds.

Using (9), the first-order condition with respect to the tax liability Tj in occupation j is:

0 = h j︸︷︷︸
Mechanical effect

+
I

∑
i=1

(Ti + b)
∂Hi

∂Tj︸ ︷︷ ︸
Behavioral effects

−
I

∑
i=1

∂Ui

∂Tj

(
∂Ui

∂Ti

∣∣∣∣
Micro

)−1

gi hi

︸ ︷︷ ︸
Social Welfare effects

(10)

A unit increase in tax liability triggers the following effects:

1. Mechanical effect: Absent any behavioral response, a unit increase in Tj increases the gov-
ernment’s resources by the mass h j of employed individuals in occupation j.

2. Behavioral effects: A unit increase in Tj induces a change ∂Hi/∂Tj in the level of em-
ployment in occupation i. This change incorporates general equilibrium (macro) responses.
For each additional worker in occupation i, the government increases its resources by the
employment tax Ti + b that is equal to the additional tax received Ti plus the benefit b that is
no longer paid.

3. Social welfare effects: A unit increase in Tj affects the expected utility in occupation i

by ∂Ui/∂Tj. Multiplying by the rate ∂ Ω
∂Ui

/λ at which each unit change in expected utility

9 See Saez and Stantcheva (2016) when the social objective is not welfarist.
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affects the social objective in monetary terms, we get that the social welfare effect of tax

Tj in occupation i is: ∂Ui
∂Tj

1
λ

∂ Ω
∂Ui

= −∂Ui
∂Tj

(
∂Ui
∂Ti

∣∣∣
Micro

)−1

gi hi. Note that because the social

welfare function depends on expected utility Ui, the labor supply responses only modify
the decisions of individuals that are initially indifferent between two occupations, and thus
only have second-order effects on the social welfare objective, by the envelope theorem
(Saez, 2001, 2002). Conversely, wage and unemployment responses are general equilibrium
(macro) responses induced by the market instead of being directly triggered by individual
choices. Thus, one must consider the macro responses of expected utility ∂Ui

∂Tj
instead of the

micro ones ∂Ui
∂Ti

∣∣∣
Micro

. As the social weights are defined in terms of the micro effects of a tax
change on the social objective, the usual social welfare terms gi hi have to be inflated by the
ratio between the macro and the micro responses of expected utility to taxation.

We now restate our optimal tax formula in terms of sufficient statistics. For this purpose, it is
convenient to use matrix notation. Let h = (h1, ...,hI)′ denote the vector of employment levels,
let g h = (g1h1, ...,gIhI)′ denote the vector of welfare weights times employment levels and let
(T+b) = (T1 + b, ...,TI + b)′ denote the vector of employment taxes. We get:

Proposition 1. If d ˆK
dU is invertible, the optimal tax system for occupations i = {1, ..., I} solves:

0 = h+
dH

dT
· (T+b)− dK

dT
·
(

dK

dT

∣∣∣∣
Micro

)−1

· (g h) (11)

Proof: Equation (10) can be rewritten in matrix notations:

0 = h+
dH

dT
· (T+b)− dU

dT
·
(

dU

dT

∣∣∣∣
Micro

)−1

· (g h) (12)

Using Equation (6) in Lemma 1 leads to (11). �

Due to the presence of wage and unemployment responses, our optimal tax formula differs
from Equation (11) in Saez (2002) in two important ways. First, the behavioral effects depend on
the macro responses of employment, not the micro labor supply responses. Second, as the wel-
fare weights are computed from the micro effects of a tax reform on the social objective, while
the macro responses are relevant to characterize the optimal tax, one needs a correcting proce-
dure, which consists in multiplying the (vector of) welfare weights times employment levels by
the (matrix) ratio of macro to micro responses of expected utilities, as in Equation (12). From (5),
estimating this ratio requires estimating the macro responses of wages to taxation, which is espe-
cially difficult to identify in practice. However, as participation decisions depends on taxation only
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through expected utilities, according to Lemma 1, the matrix ratio of macro over micro responses
of expected utility to taxation coincides with the matrix ratio of macro over micro participation
responses, which can be identified more easily, as will be illustrated in the empirical Section II.10

I.5 The no-cross effect case

We now specialize our model in order to compare our results to the pure extensive model
in Saez (2002). For this purpose, we consider the “no-cross effect" case where: ∂Wi/∂Tj =

∂Ci/∂Tj = ∂Pi/∂Tj = ∂K̂i/∂U j = 0 for i 6= j and i 6= 0. This means that labor demand only
responds to tax liabilities in the occupation, but not in other occupations. It also implies that
labor supply responses are concentrated along the extensive margin. In other words, individuals
can move from non-employment to work (or vice-versa) in a single occupation, but cannot move
between occupations in response to a tax change. The no-cross effect assumption implies from (5)
that ∂Ui/∂Tj = 0, thereby: ∂Ki/∂Tj = ∂Hi/∂Tj = 0 for i 6= j, i.e. that the wage, the conditional
employment probability, the employment level and the participation level in one occupation only
depend on the welfare benefit b and on the tax liability in the same occupation, and not on tax
liabilities in the other occupations. Therefore, the matrices of behavioral responses in (11) are all
diagonal under the no cross-effect assumption.

Let the micro participation elasticity be defined as πm
j

def≡ −c j−b
k j

∂K j
∂Tj

∣∣∣
Micro

, the macro partici-

pation elasticity as π j
def≡ ≡− c j−b

k j

∂K j
∂Tj

and the macro employment elasticity as η j
def≡ −c j−b

h j

∂H j
∂Tj

.

From (7), the macro employment response η j verifies η j =
c j−b

p j

∂P j
∂Tj

+π j. It includes conditional

employment responses c j−b
p j

∂P j
∂Tj

in addition to the macro participation responses π j. Equation (11)
then simplifies to:

Proposition 2. The optimal tax in occupation j in the no-cross effects case is:

Tj + b
c j−b

=

1− π j

πm
j

g j

η j
(13)

The no-cross effect environment is the simplest one to understand how the introduction of un-
employment and wage responses modifies the optimal tax formula. In the pure extensive case with-
out unemployment, Diamond (1980), Saez (2002) and Choné and Laroque (2005, 2011) showed
that the optimal tax formula takes the form of an inversed elasticity rule Tj+b

c j−b =
1−g j

η j
. There are

two key differences between the latter equation and Equation (13). First, the denominator in (13)

10We derive the optimal condition for the benefit level in Appendix A.1. We also show there that when income
effects are assumed away, welfare weights sum to 1, i.e. ∑I

i=0 gihi = 1.
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corresponds to the macro employment elasticity. Second, Equation (13) inflates the social marginal
welfare weight by the ratio of the macro to micro participation elasticity. As explained in Lemma
1, this is to account for the macro effects of taxation on the social objective, since the welfare
weights are defined in terms of the micro expected utility responses. To understand why, consider
a decrease in tax liability Tj in the no-cross effects case. This triggers a positive direct impact on
social welfare g jh j, which is the only one at the micro level. Moreover, this decrease in tax liabil-
ity typically induces a decrease in the gross wage when ∂W j

∂Tj
> 0, so the wage response attenuates

the direct impact on social welfare. Finally, the decrease in tax liability also typically triggers a
rise in job creation, whenever ∂P j

∂Tj
< 0, so the response of the conditional employment probability

reinforces the direct impact on social welfare. The macro response of participation to taxation is
therefore larger (smaller) than the micro one if the impact of the conditional employment response
dominates (is dominated by) the impact of the wage response. Proposition 2 implies:

Corollary 1. In the no-cross effect case, the optimal employment tax for the working poor is

negative whenever g1 >
πm

1
π1

.

According to (13), a negative employment tax (EITC) becomes optimal whenever the social
welfare weight is higher than the ratio of the micro over the macro participation elasticity, instead
of one without unemployment and wage responses.

In principle, the macro participation elasticity can be either larger or lower than the micro
participation elasticity. In the on-line appendix, we consider a search-and-matching model where
for each occupation, unemployment arises because of matching frictions along (Mortensen and
Pissarides, 1999), wages are set by proportional bargaining, the production function is linear and
workers are risk neutral. This model is a structural version of our no-cross effect environment.11

In such a model, a rise in tax liability is shared between the worker and the firm, so the after-
tax wage decreases while the pre-tax wage increases. The latter reduction in turn induces firms
to post less vacancies, which depresses labor demand and increases unemployment. The rise in
pre-tax income tends to attenuate the effect of the tax increase on workers’ consumption and leads
to lower responses of expected utility at the macro level compared to the micro one. Conversely,
the decrease in the employment probability tends to lead to lower responses of expected utility
at the macro level compared to the micro one. We show that the micro and macro participation
responses are equal under the Hosios (1990) condition where the workers bargaining power is
equal to the elasticity of the matching function with respect to unemployment. Moreover, if the

11Under proportional bargaining (e.g. Jacquet et al. (2014)), the firm and the worker get a share of the surplus
that does not depend on marginal tax rate, which is no longer the case under monopoly union (Hersoug, 1984),
Nash bargaining (Pissarides, 1985, Lockwood and Manning, 1993, Hungerbühler et al., 2006) or competitive search
models Lehmann et al. (2011) where a compensated increase in the marginal tax rate induces workers to concede wage
moderation for higher employment.
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worker’s bargaining power is instead lower (larger) than the elasticity of the matching function the
macro response is lower (larger) then micro one.

Estimating the ratio of the macro to micro participation elasticity is therefore sufficient to con-
clude whether unemployment and wages responses makes the EITC more or less optimal in the
case where there are no cross effects.

I.6 The case with intensive and extensive responses

In this Section, we extend the optimal tax formula of Saez (2002, Equation (8)) with both
intensive and extensive margins for the presence of wage and unemployment responses to taxation.
For this purpose, we assume that wages Wi(·) and employment probabilities Pi(·) in a given
occupation depends only on the tax liability Ti in that occupation, on tax liabilities in the two
adjacent occupations Ti+1 and Ti−1 and on welfare benefit b. Moreover, participation in given
occupation K̂i(·) depends only on expected utility Ui in that occupation, on expected utilities in the
two adjacent occupations Ui+1 and Ui−1 and on utility out of the labor force U0 = u(b). Combining
with Equations (2), (3) and (7), employment Hi(·) in a given occupation therefore depends only
on the tax liability Ti in that occupation, on tax liabilities in the two adjacent occupations Ti+1 and
Ti−1 and on the welfare benefit b. We can therefore re-express employment in a given occupation
as a function

Hi(t) ≡ H̃i(Ti,Ti+1−Ti,Ti−Ti−1,b) (14a)

of the tax liability Ti in that occupation, the two marginal tax rates Ti+1−Ti and Ti−Ti−1 and the
welfare benefit b. Let

ζi
def≡ −ci− ci−1

hi

∂H̃i

∂ (Ti−Ti−1)
(14b)

define the macro behavioral elasticity that captures intensive responses and - following Saez (2002)
- is called the mobility elasticity. This can be related to the standard intensive elasticity of earnings
with respect to marginal tax rates. In the competitive model of Saez (2002), this intensive margin
elasticity is only due to individuals deciding to work in occupation i− 1 instead of working in
occupation i when the marginal tax rate Ti−Ti−1 increases, which implies ∂H̃i−1

∂ (Ti−Ti−1)
+ ∂H̃i

∂ (Ti−Ti−1)
=

0. Conversely, in models with wage and unemployment responses to taxation, a change in the
marginal tax rate may trigger additional effects. For instance, a compensated increase in the
marginal tax rate induces a wage moderation in many models of the labor market: it induces a
substitution of employment for wage in monopoly union models (Hersoug, 1984) or in competi-
tive search equilibrium models (Lehmann et al., 2011); it induces a substitution of profits for wage
in wage bargaining models (Lockwood and Manning, 1993) or in search and matching models
with Nash bargaining (Pissarides, 1985, 1998) or in efficiency wage models (Pisauro, 1991). Such
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wage moderating effects may in turn induce firms to hire more workers, thereby generating an
“employment-enhancing effect of tax progressivity". We therefore introduce the following suffi-
cient statistic to capture this effect:

µi
def≡ ci− ci−1

hi

(
∂H̃i−1

∂ (Ti−Ti−1)
+

∂H̃i

∂ (Ti−Ti−1)

)
(14c)

which captures how much total employment in occupation i and i− 1 change in response to a
change in the marginal tax rate. Finally, changes in tax liabilities which are not associated with a
change in marginal tax rates generate employment effects that are captured by:

ηi
def≡ −ci−b

hi

∂H̃i

∂Ti
(14d)

Note that ηi captures both extensive responses and income responses.

Proposition 3. When employment responses verify (14a), the optimal tax has to verify:

Ti−Ti−1

ci− ci−1
=

µi

ζi

Ti−1 + b
ci− ci−1

+
1

ζi hi

I

∑
j=i

(
1− ĝ j−

Tj + b
c j−b

η j

)
h j (15)

where the inflated welfare weights ĝ1, ...ĝI are defined by the matrix identity:

(ĝ1 h1, ...ĝI hI)
T =

dK

dT
·
(

dK

dT

∣∣∣∣
Micro

)−1

· (g h) (16)

To understand the economics behind the optimal tax formula (15) let us consider a small in-
crease12 dT in tax liabilities in occupations j = i, i+ 1, ..., I. We thus have: dT = dTi = dTi+1 =

... = dTI . This tax change raises [hi + hi+1 + ...hI ]dT additional taxes through the mechanical ef-
fect which are valued [(1− ĝi)hi +(1− ĝi+1)hi+1 + ...+(1− ĝI)hI ]dT by the government.13 The
change in tax liabilities in occupations j = i, i+1, ..., I also induces extensive and income responses
that change the level of employment in occupations j = i, i+1, ..., I by dh j = (η jh j/(c j−b))dT .
These responses in turn modify the government’s revenue by (Tj +b)dh j =

Tj+b
c j−b η jh j. Finally, the

marginal tax rate between occupation i−1 and i increases. This induces behavioral responses that
can be decomposed in two terms. First, as in Saez (2002), a flow (ζi/(ci− ci−1))hi of workers
switch from occupation i to occupation i− 1, which reduces government revenue by Ti−Ti−1

ci−ci−1
ζihi.

Moreover, some additional jobs in occupation i− 1 may be created through the employment en-

12The case dT < 0 where tax liabilities are decreased is obviously symmetric.
13See Appendix A.2 for a formal proof of why inflated welfare weights ĝi show up instead of usual welfare weights

gi.
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hancing effect, which implies a change in tax revenue equal to Ti−1+b
ci−ci−1

µihi.

There are three differences between our optimal tax formula (15) and the optimal tax formula of
Saez (2002, Equation (8)) with both intensive and extensive responses. First, instead of the micro
intensive and extensive elasticities, it is the macro mobility elasticity ζi and the macro tax liability
elasticity ηi that show up in (15). This is because behavioral responses are not only generated by
micro responses. Moreover, we do not rule out income effects. Second, the welfare weights need
to be adjusted to take into account that the macro effects of a tax reform on welfare differ from the
micro ones. This is the reason why it is the inflated welfare weights ĝi that show up and not the
usual welfare weights gi. Last, a change in the marginal tax rate may not only generate a flow of
employment between two consecutive occupations, but may also increase the overall employment
level, for instance through a wage moderating - employment enhancing effect. In that case, one gets
that µi > 0. Moreover, if the optimal employment tax Ti+b is positive, this employment-enhancing
effect of tax progressivity is an additional force that tends to increase optimal marginal tax rates
as in optimal tax models with search unemployment of Hungerbühler et al. (2006), Lehmann et al.
(2011) and Hummel (2018).

II Estimating Sufficient Statistics
Our optimal tax formula (15) shows that the macro employment response to taxes, and the

micro and macro participation responses are among the set of sufficient statistics. While a large
number of studies have estimated micro responses, few have estimated macro responses and many
do not distinguish between participation and employment responses. Our objective in this section
is to estimate micro and macro extensive-margin responses for both employment and participation
using a consistent methodology for the U.S. population.

We take a local labor market approach and define a geographic labor market by location (state),
education and time (year-month). To identify macro responses, it is necessary to have exogenous
variation in tax liabilities at the level of the local labor market. For micro estimates, we need
exogenous variation between individuals within a given labor market.

II.1 Data

Current Population Survey (CPS)

We follow the large empirical literature on the effects of the Earned Income Tax Credit (EITC)
and welfare reform in the U.S. and focus on low-income, single individuals throughout the last
three decades. As a consequence of the gradual expansion of the EITC and the 1990’s welfare
reform, this group experienced substantial changes in participation and marginal tax rates differ-
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entially by number of children, within and across states.

Our analysis is based on data from the monthly outgoing rotation group (ORG) and the March
annual data of the Current Population Survey (CPS). The March annual data spans the time period
1984-2011, while the ORG data (from IPUMS) spans 1994-2010. As our analysis sample, we
select all single individuals age 18 to 55 who are not in the military or enrolled full time in school
or college. Since there is insufficient tax variation for higher income individuals over our sample
period, and since lower income individuals are more likely to be on the margin of the labor force,
we further restrict the sample to individuals with education less than a bachelors degree. Our theory
distinguishes between individuals who choose to participate in the labor force (and are employed
or unemployed) and those individuals who are actually employed. We measure these labor market
states using the standard International Labor Office (ILO) criteria. A person is classified as being
in the labor force if she is either employed or unemployed (i.e., actively looking for a job during
the reference week and was available for work) and employed if she has been working during the
reference week (or been temporarily absent from a job).14

Panel A of Table 1 shows descriptive statistics for the demographic characteristics of single
individuals in the March CPS for the full sample (Column 1) and broken down by educational
attainment groups (Columns 2-4), pooling all years from 1984 to 2011.15 The age range is pretty
similar across the three education groups - less than high school, high school, and some college -
but there are large differences in the distribution of number of children, with lower educated single
individuals being more likely to be parents. This is likely due to our sample restriction to singles
since higher educated parents are more likely to be married. Additionally, low educated individuals
are more likely to be black or Hispanic than high educated ones. Panel B displays labor market
variables by educational attainment. Lower educated individuals are much less likely to be in the
labor force than higher educated ones and also experience higher unemployment rates.

Tax and Transfer Calculator

In order to estimate the employment and participation effects of taxes and transfers it is neces-
sary to compute the budget sets that individuals face. For this purpose, we developed a calculator
that computes taxes and transfers at (nominal) income levels for single individuals, depending on
the number of children, state and year. We assume that an individual is filing as the head of the
household and is claiming his/her children as dependents. To compute taxes (covering federal and
state income taxes, including tax credits, as well as FICA liability), we rely on the NBER TAXSIM
software. We assign taxes based on state of residence, as reported in the CPS, as well as number of

14For complete details on sample construction and variable definitions, please see the on-line appendix.
15We do not include the CPS ORG in this table since it spans different years, but when we compare sample means

for the March CPS and ORG for the same period they are extremely close.
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children, year, and income.16 To compute transfers, in particular Aid to Families with Dependent
Children (AFDC), Temporary Assistance for Needy Families (TANF) and Supplemental Nutrition
Assistance Program (SNAP), we construct a benefit calculator based on rules published in the Wel-
fare Rules Database, managed by the Urban Institute. This allows us to compute the benefits an
individual is eligible for, as a function of number of children, state of residence, year and income.
The shift from AFDC to TANF introduced a number of additional work and eligibility require-
ments for welfare recipients. For example, federal rules require a minimum number of TANF
recipients to be employed and the lifetime duration of receiving TANF benefits is limited to a total
of 5 years.17 Rather than incorporate all of these policies explicitly into our empirical framework,
we multiply benefits by gender specific recipiency rates constructed from the Survey of Income
and Program Participation (SIPP). The new eligibility requirements are reflected in lower observed
recipiency rates in our sample post-welfare reform.

We use our tax and transfer calculator to compute the incentive to work. Since we focus solely
on the extensive margin in our analysis, we capture work incentives using just two measures, the
transfer an individual receives when she has zero income and the tax and transfer level at the
earnings level an individual obtains when working. A key difficulty is that earnings, and hence
tax liabilities, are unobserved for non-employed individuals. Moreover, earnings for employed
workers may be endogenous to the tax system. We proceed using two approaches. First, we impute
an individual’s tax liability following the approach taken in Eissa and Hoynes (2004) and Gelber
and Mitchell (2012). We run separate regressions for each education group and year of log annual
earnings for individuals on state fixed effects and control variables.18 The control variables include
a quadratic function of age, dummy variables for black and hispanic, and a categorical variable
describing geographic location (i.e., urban versus rural). For each individual in our sample (both
the non-employed and employed), we construct predicted earnings using the regression coefficients
estimated from our model. This is for the purpose of obtaining a consistent specification.19 We

16For an individual who resides and works in different states, the following rules apply. Generally an individual is
required to pay income tax to his or her state of residence first. Then they must file as a non-resident in the state where
they work, but get to take the amount of tax paid to the state of residence as a tax credit, and only pay the difference.
If the amount of tax paid to the state of residence is greater than the tax bill for the work state, the individual doesn’t
pay anything to the work state, but still has to file. We don’t take this into account in computing tax liabilities.

17In general, a state must have 50 percent of its single parent households and 90 percent of its dual parent households
engaged in work-related activities (these include not only work but searching for work or training courses) for a
minimum number of hours per week (30 hours per week or 20 hours if there is a young child). The 50 percent and
90 percent are calculated from a pool of "work-eligible individuals" which does not include single parents of children
under the age of 1. States can obtain credits against the 50 and 90 percent rates for overall caseload reduction.

18For this exercise, we use earnings from the March CPS. To deal with misreporting we also drop observations
where the implied hourly wage is less than one dollar or greater than one hundred dollars.

19As an alternative, we tried performing a Heckman selection correction to control for self-selection using the
number of children and the presence of young children in the selection equation. However, we found that the pattern
of results were not very well behaved. In particular, predicted earnings for high school dropouts seemed too high
and earnings for higher education levels seemed unrealistically low relative to the raw differences earnings across
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then use predicted earnings to impute an individual’s tax liability using TAXSIM and the benefit
calculator described above. In the on-line appendix, we present OLS regressions of participation
and employment using this imputed tax liability.

One problem with this approach is that the demographic distribution itself, and therefore the
imputed tax liabilities, might be endogenous to tax policy. For instance, more generous transfers to
singles with kids, but not to individuals without children, may boost fertility and impact earnings.
To address this concern, we also rely on a simulated instrument approach based on Currie and
Gruber (1996).20 This approach isolates policy variation in tax liabilities since it uses a fixed
income and demographic distribution during the sample period.

Panel C of Table 1 shows the mean imputed real earnings for each education group averaged
over the years and the corresponding tax and transfer levels depending on the number of children in
the household. All numbers are reported in real 2010 U.S. dollars (USD). For high school dropouts,
taxes (transfers) are strongly decreasing (increasing) in the number of children. This partly reflects
the EITC which reduces tax liabilities according to the number of children in the household. The
welfare benefit for households with no children is driven entirely by SNAP since these households
are ineligible for AFDC/TANF. For bachelor degree holders (not shown), the range is very small
and close to 0 since most are ineligible for these mean-tested benefits. Importantly, the reported
welfare benefits do not incorporate recipiency rates which are much less than 100 percent during
our sample period. The last four rows report recipiency rates, as estimated in the SIPP. Each
individual in the CPS is assigned a recipiency rate that we calculate from the SIPP based on gender,
education, income and year for individuals in the eligible income range. The table reports the
average of the assigned recipiency rates separately for AFDC/TANF and food stamps, and also
pre- and post-1996. We see that for high school dropouts, recipiency rates are roughly 50 percent
for AFDC/TANF but fall to 20 percent post-1996. For food stamps, recipiency rates are much
more comparable pre- and post-1996 and equal to roughly 40 percent.21 These recipiency rates
decrease with education which reflects diminishing eligibility as earnings increase.

II.2 Empirical Method

Let i denote households, e denote education level, n denote the number of children in the
household, s denote state of residence and t denote time. Our econometric specification to estimate
the micro participation response is given by:

education groups. This is likely due to the lack of a convincing instrument for working.
20Gruber and Saez (2002) use this approach to estimate taxable income elasticities; however, we are not aware of

any papers that use this approach to estimate extensive margin labor supply responses.
21For AFDC/TANF, we calculate recipiency rates based on sample of single parents since singles with no children

are not eligible for these programs.
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ki,e,n,s,t = Te,n,s,tβ + δe,s,t + δe,n +Xi,e,n,s,tλ + εi,e,n,s,t (17)

The employment tax liability is defined as Te,n,s,t and it is the tax liability at an income level
plus the transfers at 0 income. Implicit in this definition is the assumption that there are no income
effects.22 The term δe,s,t denotes labor market fixed effects interacted with education groups (one
FE for each state-by-year-by-month-by-education cell), δn,e are number of children-by-education
group fixed effects, Xi,e,n,s,t are controls (demographic variables such as age, age-squared, race, and
ethnicity all interacted with education groups).23 The coefficient β captures the micro participation
effect.

Next, to estimate macro participation responses, we aggregate the data to state-year-education
averages to get:

ke,s,t = Te,s,tγ + δe,s + δe,t +Xe,s,tλ + εe,s,t (18)

Here, Te,s,t is the macro employment tax, δe,s and δe,t are education-by-state and education-by
year fixed effects, respectively and Xe,s,t is a vector of controls, including region-specific linear time
trends, demographic characteristics (cell averages of the micro controls) interacted with education.
The macro effect, γ is defined as the change in individual participation probabilities if the tax
liabilities for all individuals in a labor market increase by one dollar. Finally, to estimate macro
employment responses, we simply replace participation k with employment h.

In our model, the behavioral responses are measured in terms of the number of individuals
employed in and participating in the labor market. However, for an empirical specification that
uses variation across individuals and labor markets, it makes little sense to use levels and assume
constant effects (across labor markets). Instead, we will estimate the effect of taxes on employment
and participation rates. Estimating the marginal effects of taxes on employment and participation
rates furthermore has the important advantage that the estimates are easier to interpret and compare
to the prior literature.

Identification

To identify the parameter β , we require that the micro tax liability Te,n,s,t is exogenous, condi-
tional on labor market and education-by-number of children fixed effects and observables. Simi-
larly, our identifying assumption for γ is that the macro tax liability Te,s,t is exogenous, conditional
on education-by-state and education-by-year fixed effects and observables. Thus, two independent

22We tested whether the condition ∂Ki
∂Ti

= ∂Ki
∂b holds and found that the difference was very small and statistically

insignificant. We therefore only report results under the no income effect assumption.
23Moffit (1998) argues that the literature features very heterogeneous marriage and fertility responses to taxes and

transfers across studies, with a large number of studies finding no effect. As a result, he concludes that much more
research remains to be done.
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sources of exogenous variation in tax liabilities are needed. For the micro response β , we require
variation in tax liabilities across individuals within the same labor market. For the macro response
γ , we require variation in average tax liabilities between labor markets.

As described above, our strategy is to generate such variation using a simulated instrument
approach. The policy variation in the micro tax liability is illustrated in Figure 1a). This figure
plots the average value of the micro simulated tax liability, by year and number of children, relative
to the value in 1984, for high school dropouts. One can see that there is substantial variation in
taxes over time and this variation is very different across the number of children. Much of this
is driven in large part by the EITC. In particular, the TRA86 reform can be clearly seen in 1986-
1987, but is quite small relative to the expansions in the 1990s, which also introduced differential
EITC levels for parents with one or two children. Finally in 2009, the EITC was expanded for
parents with 3 children, as can be seen in the figure, and income taxes were cut for all family types.
The identification strategy is similar to the one used by Eissa and Liebman (1996), Meyer and
Rosenbaum (2001) and Gelber and Mitchell (2012).

The policy variation for the macro tax liability comes mainly from changes in state income
taxes; in particular, the state-level EITCs and welfare benefits, which vary across states and over
time. The large expansions of the federal EITC, that much of the literature has relied on, are not
useful, since the change affected all states simultaneously and thus would be collinear with time
trends. We illustrate this variation by plotting the macro simulated tax liability for high school
dropouts for the largest 12 states in Figure 1b).

A potential concern with our identification strategy is that individuals might move to avoid
taxes and/or receive higher benefits. However, several papers (e.g. Meyer, 2000, Kennan and
Walker, 2010) suggest that this response is at best modest, particularly for the sample of low
income individuals that are the focus of this study. Thus, while migration responses might be
important in other contexts, we do not believe that our estimates will be confounded by them.

II.3 Empirical Results

For all of our empirical results, we report Instrumental Variables (IV) estimates from a Two-
Stage Least Squares (2SLS) regression. Reported standard errors in all regressions are clustered
on the state level. The notes of the tables contain exact details about the regression specification.
All of the OLS results can be found in the on-line appendix. Note that in interpreting these results
that the tax liabilities are in units of $1000.

The top panel of Table 2 shows the IV estimates for the micro participation (Column 1) and
employment (Column 2) responses to taxes and transfers based on equation (17) above. The results
indicate a clear negative and statistically significant participation effect of taxes, consistent with the
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prior literature. We find that a $1000 increase in taxes leads to a 3.1 percentage point reduction in
the participation probability which translates to an elasticity of −0.57.24 We also see fairly similar
micro responses for employment.25

Our elasticity estimates are well within the range of elasticities that is reported in the litera-
ture.26 This is not that surprising since we use similar variation in taxes as the previous literature;
in particular, variation driven by the EITC. One notable difference is that past studies typically
control for state and year fixed effects, but not their interaction. This yields estimates that con-
found micro and macro responses (See Rothstein (2010) for a discussion of this). Nevertheless,
most of the tax variation in these papers would also have come from across group variation within
labor markets.

The macro participation and employment IV estimates are displayed in the second panel of
Table 2. These correspond to empirical estimates from a macro-level (education-state-year cells)
2SLS regression of participation and employment rates on market-level tax liabilities, controlling
for education-by-state and education-by-year fixed effects and percent black, percent Hispanic, av-
erage age, average age-squared, average number of children and their interactions with education
and region-specific time trends. Since the number of observations is much smaller and since there
is less variation in tax liabilities across labor markets, the coefficients are estimated less precisely.
Nevertheless, there is some suggestive evidence that the macro participation and employment re-
sponses are smaller than the micro ones. We show in the online appendix (Proposition A.2) that
such a finding is consistent with a matching model where the bargaining power is lower than the
one prescribed by the Hosios condition.

Our results on micro and macro responses to taxation are generally consistent with the meta
analysis conducted in Chetty et al. (2012) who report slightly larger estimates of the extensive
steady-state elasticities based on micro evidence than macro evidence. It is worth noting that the
macro-based studies cited in Chetty et al. (2012) are based on cross-country evidence that typically
comes from a limited number of OECD countries. Nevertheless, it is reassuring to note that our
results are similar, based on a panel data approach across all states, over time, in the U.S.

A concern with our macro estimates, which are identified by state-year variation in tax liabili-
ties, is that they may be confounded by policy endogeneity. In particular, states may endogenously

24Following the theory, we take the marginal effect and multiply it by the ratio of the income gain from employment
over the participation rate. These numbers are all reported in Table 2.

25The Online Appendix reports the OLS regression results. We see that the OLS participation responses are at-
tenuated relative to our IV estimates. For the full sample, the micro participation elasticity is 0.09 and the macro
participation elasticity is −0.8. The micro and macro employment responses are of a similar magnitude. This high-
lights the importance of instrumenting for the micro and macro tax liabilities. In general the OLS results are not very
informative, for example there is a strong reverse causality issue where high participation rates will be associated with
lower earnings (due to selection) and higher employment taxes. Isolating variation coming from tax policy changes is
crucial in order to obtain meaningful results.

26Eissa et al. (2008) report a range of (−0.35,−1.7) with a central elasticity of −0.7.
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set taxes and welfare benefits based on prevailing local economic conditions. Our baseline esti-
mates control for region-specific time trends which should partially address this issue. To further
explore the robustness of our estimates, we consider several alternative specifications and report
the results in Table 3. Table 3 provides a series of robustness tests. The first column reports our
baseline estimates for comparison. In columns 2-4 we drop the region-specific time trends from
the regressions and include alternative controls for pre-trends. Since the micro participation re-
gressions control for year-by-state fixed effects, these are not affected (Panel A), but Panel B and
C show that the macro responses are very robust to controlling for division-by-year fixed effects,
region-by-year fixed effects and no controls for pre-trends. In column 5 we present our results
dropping state taxes (state EITC and state income taxes) from our imputed tax liability and instru-
ment, as those may be endogenous, as Hoynes and Patel (2015) have argued. While this slightly
reduces the precision of our macro estimates, the results are qualitatively similar. Finally, column 6
controls for the state unemployment rate interacted with education as a proxy for the state specific
economic environment and shows a very similar pattern. Overall, the robustness of our estimates
suggest that policy endogeneity is not of first-order importance in our setting.27

Finally, Table 4 considers behavioral responses over the business cycle. In particular, this
allows us to test whether spillovers are larger in recessions, as some recent research has found. We
rely on several proxies for the business cycle: the 6-month change in the unemployment rate, the
state unemployment rate and an indicator for whether the unemployment rate exceeds 9 percent.
Across all specifications, we see that micro and macro participation and employment responses
tend to be lower when the unemployment rate is relatively high. This is consistent with results
in Schmieder et al. (2012) and Kroft and Notowidigdo (2016). There is also some suggestive
evidence that the micro-macro participation gap increases in weak labor markets; for instance, for
the 6-month change in unemployment specification, the gap is roughly 0.01 in weak labor markets
but only 0.002 in strong labor markets. We emphasize however, that lack of precision limits any
strong conclusion about how the gap varies over the cycle.

Overall, these results suggest that while micro labor supply responses are sizeable and in line
with what the literature has found before, they may not always be good approximations for the
macro employment responses. In particular our evidence broadly suggests that macro responses
tend to be lower than micro responses. Although this is some of the first evidence on the gap
between micro and macro elasticities, it is however worth noting that our macro estimates are less
precisely estimated than our micro ones. Such discrepancy can easily been explained by the limited

27In column 7 we show our results when we calculate tax liabilities assuming that all individuals who would be
eligible to receive AFDC, TANF or food stamps based on their income actually take-up benefits. Since this leads
to larger calculated tax liabilities (and values for the instruments), the estimated marginal effects and elasticities are
reduced, but the result that macro participation responses are larger than micro participation responses is actually more
pronounced.
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policy variations at the state level over time, compared to policy variations across individuals with
different number of kids over time. Future research should use other source of policy variations as
robustness checks for our macro estimates.

III Simulating the Optimal Tax Schedule
In this Section we show how unemployment and wage responses affect the shape of the op-

timal tax and transfer schedule. For this purpose we simulate the optimal tax schedule using
the sufficient statistics formula for the optimal tax and transfer schedule in the mixed model (see
Proposition 3).28 We calibrate the formula partially relying on the empirical estimates from the
previous section and partially relying on parameter estimates from the previous literature. Since
there is considerable uncertainty about most of these parameters, these simulations are very styl-
ized and should be viewed as an illustration of the comparative statics of our optimal tax formula,
rather than a precise attempt to derive the optimal tax schedule for any particular population.29

To simulate the optimal tax schedule, we solve the system of first-order conditions derived in
the theoretical section for the tax schedule at different income levels. The system consists of I + 2
unknowns: the i = 0 . . . I tax levels Ti as well as the Lagrange multiplier λ . These are identified
by I + 2 equations: the I first-order conditions (15), the government budget constraint (1) and
finally the normalization ∑i higi = 1 which holds in the absence of income effects.30 We base our
simulation on the empirical income distribution for single workers in the March 2011 CPS, which
we discretize into a grid of bins of $500 width. Following Saez (2002) we parameterize gi using
the functional form: gi =

1
λ (wi−Ti)ν , where ν is the parameter describing society’s preferences

for redistribution. We set ν = 0.5 as our baseline, which corresponds to moderate distributive
preferences. Below we will see that this leads to optimal tax schedules similar to the observed
schedules and thus may be a good approximation of the preferences underlying U.S. tax policy,
but we also show how the optimal tax schedule changes under alternative ν . We also follow Saez
(2002) in our specification for the earnings distribution functions hi(T ) and in setting the external
revenue requirement of the government E. See Appendix for additional details.

In order to simulate equation (15) we need to specify the following 4 sets of behavioral pa-
rameters: The intensive margin mobility elasticity ζi, the extensive margin employment elasticity

28We thank Emmanuel Saez for sharing his code.
29Such an exercise for the U.S. would, for example, have to take into account that policy makers seem to have placed

different welfare weights on different groups of single individuals, depending on the number of children. Backing out
the implicit welfare weights in the current tax schedule given an optimal tax framework and calibrating how the tax
schedule given these welfare weights would change under alternative models would be interesting, but is beyond the
scope of this paper.

30Alternatively one could also use the FOC for benefit levels derived in the Appendix A.1 which holds in the
presence of income effects.

25



ηi, the employment enhancing effect of taxation µi and the matrix ratio of the macro and micro
participation responses in equation (16). The intensive margin mobility elasticity ζi can be di-
rectly mapped into the classical intensive earnings elasticity εi using the formula ζi =

wi
wi−wi−1

εi.31

Based on the prior literature, a reasonable range for the intensive margin employment elasticity is
0.2− 0.3 (e.g. Chetty et al., 2011a, 2013). We therefore set εi = 0.25 for all i.32 For the exten-
sive margin elasticity, we follow Saez (2002) and set η = 0 for incomes higher than $20,000. For
incomes lower than $20,000 we use our empirical estimates from the previous section.

The two key new parameters in our tax formula are µi and the matrix ratio of the macro and
micro participation responses. Except for two papers (Manning, 1993, Lehmann et al., 2016) that
suggests a positive µi, we are not aware of empirical estimates of µi. We therefore set µi = 0 for
all i in our baseline and show simulations for a range of possible values for µi. For the matrix ratio
we start with the case that the matrix ratio is equal to the identity matrix, which corresponds to
a situation where micro and macro responses are identical. We then contrast this with a situation
where the matrix ratio is still a diagonal matrix, but with diagonal elements different from zero.
In particular we use our empirical estimates from the previous section of the macro and micro
participation response to calibrate these diagonal elements. This is a practical simplification, as
in principle there is no reason to believe that once macro and micro responses are different, the
resulting matrix ratio remains diagonal. It is a useful starting point given that this is a relatively
straightforward departure from the classic case of equal responses that the prior literature has
assumed. In general we believe that estimating macro and micro responses on the intensive margin
is a fruitful avenue for future research.

Figure 2 shows the optimal tax and transfer schedule for incomes below $20,000 and Table 5
provides additional details for these simulations. Panel a) shows post-tax income plotted against
pre-tax income and panel b) depicts the corresponding marginal tax rate as a function of pre-tax
income. We begin with the case where µi = 0 and equal macro and micro participation responses,
which thus corresponds exactly to the formula in Saez (2002). The line with circles shows the
simulated schedule when we set ηi to our estimate for the micro extensive employment elasticity
of 0.6 from Table 2. A key takeaway from our theoretical analysis is that the employment effects
should really be measured on the macro level and thus we contrast this scenario to the line with
"+" signs to highlight the effect of moving to macro estimates where ηi = 0.42 consistent with our
estimate in Table 2. This moderately increases the benefit for the nonemployed b from $6,500 to
$7,100. Keeping ηi at the macro estimate level we then use our empirical estimates for the macro
and micro participation responses to calibrate the macro/micro matrix ratio to be the diagonal

31See Appendix of Saez (2002).
32In the on-line appendix we also show simulations for ε = 0.5 for low income workers with qualitatively similar

results.
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matrix with 0.9 ' −0.028
−0.031 as the element on the diagonal. The resulting tax schedule (shown with

squares) now features a substantially higher benefit to the nonemployed of $8,300 and higher
marginal tax rates at the bottom. Figure 2b) shows the corresponding marginal tax rates at each
income level. This figure highlights the result in Jacquet et al. (2013), that even with large extensive
responses, the marginal tax rate at positive incomes is always positive, while there is a discontinuity
at 0 where the optimal tax schedule may feature a negative employment tax corresponding to
T1 + b < 0. Interestingly, this figure suggests that for these benchmark parameters the optimal tax
schedule features an EITC-like structure with a negative employment tax (T1+b < 0) only as long
as we do not take into account the wage and unemployment spillover effects as measured by our
(admittedly noisy) gap between macro and micro participation responses.

In Figure 3 we show the same comparisons, but for a wide range of redistributive tastes of
the social planner (ν = 0.25,0.5,1,4). The figure highlights that taking into account endogenous
wags and unemployment via the macro/micro participation ratio is much more relevant to the
shape of the optimal tax schedule for lower values of the redisributive taste parameter, such as
ν = 0.25 or ν = 0.5. For higher values of ν our optimal tax formula produces relatively similar
results as the Saez (2002) formula. The intuition for this is that our formula essentially rescales
the social welfare weights gi for positive income levels thus putting more weight at the bottom
(equation (16)). For high ν the social planner already exhibits essentially Rawlsian preferences
and is simply constrained by employment responses to set what is close to the revenue maximizing
tax schedule.33

Given the considerable uncertainty regarding the macro to micro participation ratio and the
value for µi, Figure 4 shows comparative statics from our benchmark schedule when varying the
macro / micro ratio and µi , which we assume to be constant across income groups. Panel (a)
shows the tax schedule, setting the ratio to 0.75, 1 and 1.25. For this range we find substantial
differences in the benefit b ranging from $9,700 with a low ratio to only $3,200 if the ratio is
equal to 1.25. In the latter case, the optimal tax also features a substantial employment credit at
the bottom (see Panel (c)). Panel (b) and (d) show the tax schedules for alternative values of µi

. Higher values of µi increase the demogrant and transfers at lower incomes become much larger
and shift the break even point (of zero tax liability) further to the right, this in term is financed
by substantially higher marginal tax rates at higher income levels. For example, using a value of
µ = 0.3 which corresponds to the empirical estimate of Lehmann et al. (2016), the simulations
imply a demogrant of $10,400 and an average marginal tax rate of 72 percent. The intuition for
this is straightforward: a positive µi implies that higher marginal tax rates have an employment
enhancing effect by pulling people from zero income into the labor force thus raising new revenue
and counteracting the usual intensive margin response that would reduce tax revenue whenever

33The on-line appendix provides all simulations from this section for these alternative values for ν as well.
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employment tax are positive. The potentially large impact of µi on the optimal tax rate and the
comparatively sparse empirical literature on this suggest that additional empirical estimates of this
parameter would be highly valuable.

Other papers have stressed the possibility that macro employment responses could be signif-
icantly lower than micro employment responses, particularly in the context of UI and job search
assistance. This has typically been explained with the possibility of job rationing, which may man-
ifest especially during recessions. Our estimates in Table 4, while noisy, are consistent with this
view: while both macro and micro responses decline in recessions, the decline is much larger for
macro responses, both with respect to employment and participation. The business cycle macro
estimates suggest that spillover effects could be larger during economic downturns. Figure 5 sim-
ulates how the optimal tax schedule would vary over the business cycle given our estimates from
Table 4. We present results from the estimates based on the 6-month change in the unemployment
rate, but using the other measures yields qualitatively very similar results. In Figure 5a) and 5c)
we show the optimal tax schedule for different business cycle states implied by our optimal tax
formula. The transfer at zero income is around $5,700 during a strong labor market with a large
employment credit at the bottom and relatively low marginal tax rates. During weak labor markets
the simulation suggests that the transfer at zero should increase to $10,500 per year with much
higher marginal tax rates. In contrast, panels (b) and (d) of Figure 5 show the tax schedule implied
by the Saez (2002) formula calibrating η to the macro employment effects estimated over the busi-
ness cycle.34 While the decline in macro employment responses during weak labor markets also
leads to an increase in transfers at the bottom and a slight increase in employment tax rates, the
difference relative to a boom is only around $500 due to the absence of the spillover channel.

IV Conclusion
This paper revisits the debate about the desirability of the EITC versus the NIT. We have shown

that whether the optimal employment tax on the working poor is positive or negative depends on
the presence of unemployment and wage responses to taxation. Our sufficient statistics optimal
tax formula, combined with our reduced-form empirical estimates, indicate that the optimal policy
is pushed more towards an NIT than the standard optimal tax model would suggest, although
statistical precision limits strong conclusions about the magnitude of the macro responses.

There are several limitations to our analysis that should be addressed in future work. First,
there is clearly a need for better empirical estimates of the macro effects of taxation. Most studies
of macro labor supply responses rely on cross-country variation in taxes, which can be substan-
tial. While this variation is clearly desirable for efficiency reasons, across countries, tastes for

34Using the micro employment effects yields even less variation in the optimal tax schedule over the cycle.
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redistribution and other forms of government spending are probably correlated with taxes and em-
ployment and are difficult to fully control for. What is needed is reliable policy variation in taxes
across labor markets, similar to variation in UI benefit payments that is exploited in Lalive et al.
(2015). Second, it would be very interesting to get better estimates of the wage-moderating ef-
fects of tax progressivity. Third, it would be worthwhile to study business cycle effects of taxation
more directly by introducing dynamics into the model. The approach we adopted in this paper is
entirely steady-state. Finally, it would be useful to develop a model that more fully integrates UI
benefits and income taxes, where benefits depend on prior wages, as is currently the policy in most
developed economies.
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A Additional Proofs

A.1 Optimal benefit level

The optimal condition with respect to the benefit level is obtained from differentiating (8) with
respect to b:
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Differentiating Ui(t) ≡Pi(t)u (Ci(t))+ (1−Pi(t))u(b) with respect to b gives:
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where the social marginal welfare weight on the non-employed is:

g0
def≡ u′(b)

λ h0
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]
(20)

We now show how (19) can be simplified if we assume income effect away. In the absence of
income effects, a simultaneous change in all tax liabilities and welfare benefit ∆T1 = ... = ∆Ti =

−∆b induces no changes in wages, conditional employment probabilities not employment levels,
so that ∑I

j=1
∂Wi
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∂b . Using Equations (4) and (5),

Equation (10) can be rewritten as:
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∂Tj
+

∂Pi

∂Tj

u(ci)−u(b)
pi u′(ci)

]
(21)

Using that ∂Ci
∂Ti

= ∂Wi
∂Ti
−1 and for j 6= i, ∂Ci

∂Tj
= ∂Wi

∂Tj
, summing (21) for all j∈{1, ..., I} and subtracting

this sum by ∂ Λ
∂b = 0 in Equation (19) leads to:

0 =
I

∑
i=0

hi +
I

∑
i=1

(Ti + b)

(
I

∑
j=1

∂Hi

∂Tj
− ∂Hi

∂b

)
−
(

g0 h0 +
I

∑
i=1

gi hi

)
(22)

+
I

∑
i=1

gi hi

(
I

∑
j=1

∂Wi

∂Tj
− ∂Wi

∂b

)
+

I

∑
i=1

gi hi
u(ci)−u(b)

u′(ci)

(
I

∑
j=1

∂Pi

∂Tj
− ∂Pi

∂b

)

In the absence of income effects, (22) can be simplified to:

g0 h0 +
I

∑
i=1

gi hi =
I

∑
i=0

hi = 1

A.2 Derivation of Equation (15)

Using Equation (16), Equation (11) can be rewritten as:

0 = h+
dH

dT
· (T+b)− (ĝ1 h1, ...ĝI hI)

T

That is, for each j = 1, .., I, as:

0 = (1− ĝ j)h j +
I

∑
i=1

(Ti + b)
∂Hi

∂Tj

34



Using (14a), we get:

(1− ĝ j)h j = −(Tj−1 + b)
∂H j−1

∂Tj
− (Tj + b)

∂H j

∂Tj
− (Tj+1 + b)

∂H j+1

∂Tj

= −(Tj−1 + b)
∂H̃ j−1

∂ (Tj−Tj−1)
− (Tj + b)

[
∂H̃ j

∂ (Tj−Tj−1)
+

∂H̃ j

∂Tj
− ∂H̃ j

∂Tj+1−Tj

]
+(Tj+1 + b)

∂H̃ j+1

∂Tj+1−Tj

And so, using (14d)

(
1− ĝ j−

Tj + b
c j−b

η j

)
h j = −

[
(Tj−1 + b)

∂H̃ j−1

∂ (Tj−Tj−1)
+ (Tj + b)

∂H̃ j

∂ (Tj−Tj−1)

]

+

[
(Tj + b)

∂H̃ j

∂ (Tj+1−Tj)
+ (Tj+1 + b)

∂H̃ j+1

∂ (Tj+1−Tj)

]

Summing the latter equality for j = i, ..., I leads to:

−
[
(Ti−1 + b)

∂H̃i−1

∂ (Ti−Ti−1)
+ (Ti + b)

∂H̃i

∂ (Ti−Ti−1)

]
=

I

∑
i= j

(
1− ĝ j−

Tj + b
c j−b

η j

)
h j

Combining the latter equation with

−
[
(Ti−1 + b)

∂H̃i−1

∂ (Ti−Ti−1)
+ (Ti + b)

∂H̃i

∂ (Ti−Ti−1)

]
= − (Ti−Ti−1)

∂H̃i

∂ (Ti−Ti−1)

− (Ti−1 + b)

[
∂H̃i−1

∂ (Ti−Ti−1)
+

∂H̃i

∂ (Ti−Ti−1)

]

and with Equations (14b) and (14c) leads to (15).
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Table 1: Variable Means for Single Individuals
(1) (2) (3) (4)

Estimation High School High School Some
Sample Dropout Graduate College

Panel A: Demographics
Age 32.9 32.3 32.7 33.5
No Children Percent 79.4 77.1 80.2 79.6
1 Child Percent 10.9 10.3 10.8 11.5
2 Children Percent 6.2 6.8 6.0 6.2
3+ Children Percent 3.4 5.8 3.0 2.7
Mean Years of Education 11.9 9.2 12 13.3
Percent Black 17.5 20.6 17.7 15.5
Percent Hispanic 14.2 29.2 11.5 9.5

Panel B: Labor Force Status
Labor Force Participation Rate (ki) 80.8 65.2 82.7 87.0
Employment Rate (hi) 72.9 54.1 74.5 81.1
Unemployment Rate (1− pi) 10.3 17.2 10.0 6.8

Panel C: Income, Taxes and Transfers (Real 2010 Dollars)
Imputed Pre-tax Wage Earnings 19268 11878 19197 23456
Real Total post-tax and transfer income with takeup: ols 15618 11067 15513 18278
Net Taxes: No Children 4674 2349 4638 5968
Net Taxes: 2 Children -76 -1633 -400 1292
AFDC/TANF and Food Stamps: No Children 499 1086 440 261
AFDC/TANF and Food Stamps: 2 Children 3476 6805 3245 1726
Net Tax and Transfers (Ti): No Children 4175 1264 4197 5707
Net Tax and Transfers (Ti): 2 Children -3552 -8438 -3645 -435
Net Tax and Transfers (b): Zero Income, No Children -2071 -2055 -2073 -2078
Net Tax and Transfers (b): Zero Income, 2 Children -11646 -11693 -11640 -11627
AFDC/TANF Recipiency Rate for Mothers: Pre-1996 25 43 21 15
AFDC/TANF Recipiency Rate for Mothers: Post-1996 9 17 8 5
Food Stamp Recipiency Rate: Pre-1996 12 25 11 6
Food Stamp Recipiency Rate: Post-1996 14 25 14 10

Number of observations 1817083 350817 832919 633347
Notes: The sample is restricted to single men and women aged 18-55. All dollar figures are in real 2010 dollars.
Data used in each column are restricted to individuals with the education level in the column header.
Imputed earnings result from a linear regression of demographics on wages conditional on employment.
Net Taxes is federal, state and fica (sum of employer and employee) tax liabilities net of tax credits, including EITC.
AFDC/TANF and Food Stamps assume 100 percent recipiency among those eligible based on income.
Net Taxes and Transfers is the net of federal, state and fica (sum of employer and employee) tax liabilities and
credits, AFDC or TANF payments and food stamp benefits.
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Table 2: Micro and Macro Responses to Changes in Taxes and Benefits

Instrumental Variable Regressions

(1) (2)
LHS Variable Participation Rate: K̂i Employment Rate: Ĥi

Micro Response

Taxes Plus Benefits -0.031 -0.029
[0.002]*** [0.002]***

Num. Obs 1816065 1816065
Mean of Dep. Var. 0.81 0.73
Income Gain from Employment (2010USD) 15014 15014
Tax Elasticity -0.57 -0.60

Macro Response: ∂
∂Ti

Avg Taxes Plus Benefits within Labor Market -0.028 -0.022
[0.014]** [0.021]

Num. Obs 8568 8568
Mean of Dep. Var. 0.79 0.70
Income Gain from Employment (2010USD) 13664 13664
Tax Elasticity -0.48 -0.42

Notes: (* P<.1, ** P<.05, *** P<.01) Standard errors clustered on state level. The sample is restricted to single
women aged 18-55. The data include March CPS for 1984-2011 and Outgoing Rotations Groups for 1994-2010.
The first column uses labor force participation as the outcome variable, the second column uses employment status.
Taxes Plus Benefit is the net of federal (including EITC), state and fica (sum of employer and employee) taxes plus
the benefits an individual would be eligible for at no earnings, adjusted for national recipiency rates. The Micro
Response regressions use individual level data and include controls for age, age-squared, race, ethnicity and fixed
effects for number of children and State x Year x Month fixed effects, all interacted with education. The Macro
Response regressions use data that are collapsed to the state-year cell, each cell receives equal weight in the regression.
Regressions include controls (all interacted with education) for percent black, percent hispanic, average age, age-
squared, number of children and fixed effects for state and year and CPS region time trends.

37



Table 3: Alternative Estimates of Participation and Employment Responses

(1) (2) (3) (4) (5) (6) (7)
Region Div X Year Reg X Year No No State State- Full

Time Trend FE FE Pre-Trends Taxes Unemp. Take-up

Micro Participation Response

Taxes Plus Benefits -0.031 -0.031 -0.031 -0.031 -0.034 -0.032 -0.018
[0.002]*** [0.002]*** [0.002]*** [0.002]*** [0.002]*** [0.002]*** [0.001]***

Num. Obs 1816065 1816065 1816065 1816065 1816065 1816065 1816065
Mean of Dep. Var. 0.81 0.81 0.81 0.81 0.81 0.81 0.81
Income Gain from Empl. 15014 15014 15014 15014 14501 15014 15475
Tax Elasticity -0.57 -0.57 -0.57 -0.57 -0.61 -0.57 -0.36

Macro Participation Response

Avg Taxes Plus Benefits -0.028 -0.030 -0.031 -0.034 -0.028 -0.031 -0.009
within Labor Market [0.014]** [0.018] [0.015]* [0.016]** [0.022] [0.013]** [0.006]

Num. Obs 8568 8568 8568 8568 8568 8568 8568
Mean of Dep. Var. 0.79 0.79 0.79 0.79 0.79 0.79 0.79
Income Gain from Empl. 13664 13664 13664 13664 12695 13664 13914
Tax Elasticity -0.48 -0.51 -0.52 -0.53 -0.48 -0.52 -0.13

Macro Employment Response

Avg Taxes Plus Benefits -0.022 -0.023 -0.021 -0.032 -0.034 -0.030 -0010
within Labor Market [0.021] [0.022] [0.020] [0.019] [0.022] [0.015]** [0.009]

Num. Obs 8568 8568 8568 8568 8568 8568 8568
Mean of Dep. Var. 0.70 0.70 0.70 0.70 0.70 0.70 0.70
Income Gain from Empl. 13664 13664 13664 13664 13664 12479 13914
Tax Elasticity -0.42 -0.43 -0.41 -0.52 -0.53 -0.49 -0.20

Notes: (* P<.1, ** P<.05, *** P<.01) Standard errors clustered on state level. The sample is restricted to single men
and women aged 18-55. The data includes March CPS for 1984-2011 and Outgoing Rotations Groups for 1994-2010.
Our baseline specification from Table 3 is contained in column (1). Column (2) replaces region-specific linear time trends
with division-by-year fixed effects. Column (3) replaces region-specific linear time trends with region-by-year fixed effects.
Column (4) drops region-specific linear time trends. Column (5) is our baseline specification but drops state taxes, including
state EITC supplements, from both the OLS and IV tax liabilities. Taxes Plus Benefit is the net of federal (including EITC),
state and fica (sum of employer and employee) taxes plus the benefits an individual would be eligible for at no earnings,
adjusted for national recipiency rates. Column (6) controls for the state unemployment rate interacted with education.
Column (7) is our baseline specification but assumes 100 percent take-up rates for AFDC/TANF and Food Stamps for the
computation of the imputed tax liability and the simulated instrument.
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Table 4: Participation and Employment Responses: Heterogeneous Labor Mar-
ket Conditions

(1) (2) (3) (4)
Regression Coef. Extrapolated Marg. Effects

Marginal Effect Interaction Weak Strong
of Tax Liability of Tax Liab. Labor Market Labor Market

with Labor
Market Meas.

Panel A: Micro Participation
6-mo change in unemp -0.031 0.0011 -0.030 -0.033

[0.002]*** [0.0004]***
State unemp. rate -0.032 0.0012 -0.027 -0.036

[0.002]*** [0.0003]***
Unemp above 9 pct -0.032 0.0054 -0.026 -0.032

[0.002]*** [0.0013]***

Panel B: Macro Participation
6-mo change in unemp -0.028 0.0046 -0.022 -0.035

[0.015]* [0.0028]*
State unemp. rate -0.031 0.0011 -0.026 -0.036

[0.017]* [0.0012]
Unemp above 9 pct -0.030 0.0090 -0.021 -0.030

[0.016]* [0.0052]*

Panel C: Micro Employment
6-mo change in unemp -0.029 0.0007 -0.028 -0.030

[0.002]*** [0.0005]
State unemp. rate -0.029 0.0015 -0.024 -0.035

[0.002]*** [0.0003]***
Unemp above 9 pct -0.029 0.0074 -0.022 -0.029

[0.002]*** [0.0018]***

Panel D: Macro Employment
6-mo change in unemp -0.022 0.0030 -0.018 -0.025

[0.018] [0.0031]
State unemp. rate -0.029 0.0018 -0.021 -0.036

[0.018]* [0.0013]
Unemp above 9 pct -0.028 0.0112 -0.018 -0.029

[0.016]* [0.0060]*

Notes: (* P<.1, ** P<.05, *** P<.01) Standard errors clustered on state level. The Micro
Response regressions use individual level data and include controls for age, age-squared, race,
ethnicity and fixed effects for number of children and State x Year x Month. The Macro
Response regressions use data that are collapsed to the state-year cell observations, each cell
receives equal weight in the regression. Regressions include controls for percent black, percent
hispanic, average age, age-squared, number of children and fixed effects for state and year and
CPS Region time trends. Weak and strong labor markets marginal effects assume the market
indicator is two standard deviations above or below the mean for the continuous variables.
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Table 5: Simulating the Optimal Tax and Transfer Schedule - ν = 0.50

η µ
dK
dT

dK
dT |Micro Demogrant Emp. Tax ATR (6k-0) Avg. MTR Break-even

b T1 + b T (w) = 0

Panel A: Alternative η - Macro/Micro ratio = 1, µ = 0
0.01 0.00 1.00 9300 500 84.89 0.56 11900

Macro Est. 0.42 0.00 1.00 7100 -200 40.21 0.51 13800
Micro Est. 0.60 0.00 1.00 6500 -300 29.11 0.50 14400

1.00 0.00 1.00 5600 -400 14.10 0.46 15500

Panel B: Comparing different Macro-Micro Participation Ratios
0.42 0.00 0.75 9700 300 69.01 0.62 13500

Benchmark 0.42 0.00 0.90 8300 100 54.75 0.56 13600
0.42 0.00 1.00 7100 -200 40.21 0.51 13800
0.42 0.00 1.25 3200 -3200 -17.71 0.44 14500

Panel C: Comparing different values for µ
0.42 0.00 1.00 7100 -200 40.21 0.51 13800
0.42 0.10 1.00 8000 -300 32.98 0.57 15700
0.42 0.20 1.00 9100 -300 24.57 0.63 17900
0.42 0.30 1.00 10400 -300 15.52 0.72 20500

Panel D: Optimal Tax Schedule over Business Cycle - with Wage and Unemployment Responses
Recession 0.34 0.00 0.73 10100 300 74.49 0.63 13400
Normal 0.42 0.00 0.90 8300 100 54.75 0.56 13600
Boom 0.48 0.00 1.06 6000 -700 24.30 0.48 14100

Panel E: Optimal Tax Schedule over Business Cycle - without Wage and Unemployment Responses
Recession 0.34 0.00 1.00 7400 -100 46.12 0.52 13500
Normal 0.42 0.00 1.00 7100 -200 40.21 0.51 13800
Boom 0.48 0.00 1.00 6900 -300 36.30 0.51 14000

Notes: The table shows simulations of the optimal tax schedule based on equation 15 in the text. All simulations are
based on the single worker earnings distribution in the March 2011 CPS and assume the parameter values ν = 0.50,
ε = 0.25 and - for wages above $20,000 - η = 0. In Pandel D, both η and the Macro/micro ratio vary between boom
and recession, while in Panel E the Macro/micro ratio is held constant at 1.
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Figure 1: The Variation in Taxes plus Benefits
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(a) Micro Variation in Taxes plus Benefits
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(b) Macro Variation in Taxes plus Benefits

Notes: The top figure shows the variation in taxes plus benefits for high school dropouts by number of
children normalized such that 1984 equals one. Taxes plus benefits is the net of federal (including EITC),
state and fica (sum of employer and employee) taxes plus the benefits an individual would be eligible for at
no earnings, adjusted for national recipiency rates.
The bottom figure shows residuals from a regression of year fixed effects on the state level average taxes plus
benefits with state means added back to the residual, then normalized such that 1984 equals one. Taxes plus
benefits is the net of federal (including EITC), state and fica (sum of employer and employee) taxes plus the
benefits an individual would be eligible for at no earnings, adjusted for national recipiency rates.

41



Figure 2: Optimal Tax and Transfer Schedule - Baseline
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(a) Post vs. Pre-tax income, ν = 0.5
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(b) Marginal tax rates, ν = 0.5

Notes: Simulations of the optimal tax and transfer schedule under alternate assumptions on employment
and participation responses using eqn (15) in the paper. All simulations assume that the intensive margin
elasticity ε = 0.25 at all income levels and that the employment enhancing effect of taxation µ = 0 at all
income levels. The first two lines (blue with circle and red with plus signs) assume that the Macro/Micro
particiipation response ratio is equal to 1 and sets the extensive margin employment elasticity to 0.6 and 0.42
respectively. The yellow line with stars sets η = 0.42 and the Macro/Micro participation response ratio equal
to the empirical estimate of 0.9. In Panel b) the first dot of each line is the employment tax rate of moving
from 0 income to the first income bin.
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Figure 3: Optimal Tax and Transfer Schedule under alternative Redistributive Preferences
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(a) Low redistributive taste parameter: ν = 0.25
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(b) Medium-low redistributive taste parameter: ν = 0.5
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(c) Medium-high redistributive taste parameter: ν = 1
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(d) High redistributive taste parameter: ν = 4

Notes: Simulations of the optimal tax and transfer schedule using eqn (15) in the paper. The simulations cor-
respond to Figure 2, but each panel uses different redistributive taste parameters ν . All simulations assume:
ε = 0.25, ηlow = 0.42, ηhigh = 0 and µ = 0.
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Figure 4: The Effect of the Macro-Micro Participation Ratio and µ on the Optimal Tax and
Transfer Schedule
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(a) Post vs. Pre-tax income, Alternative Macro/Micro ra-
tio
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(b) Post vs. Pre-tax income, Alternative µ
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(c) Marginal tax rates, Alternative Macro/Micro ratio
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Simulations of the optimal tax and transfer schedule using eqn (15) in the paper. Panels a) and c) contrast
the optimal tax and transfer schedule under different values for the Macro/Micro participation response ratio
while setting µ = 0. Panels b) and d) contrast the optimal schedule for different values of µ while setting the
Macro/Micro participation response ratio to 1. All simulations assume: ε = 0.25, ηlow = 0.42, ηhigh = 0 and
the redistributive taste parameter ν = 0.5. In Panel c) and d) the first dot of each line is the employment tax
rate of moving from 0 income to the first income bin.
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Figure 5: Optimal Tax and Transfer Schedule in Weak vs. Strong Labor Markets
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(a) KKLS formula: Post vs. Pre-tax income
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(b) Saez (2002) formula: Post vs. Pre-tax income
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(c) KKLS formula: Marginal tax rates
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(d) Saez (2002) formula: Marginal tax rates

Notes: Simulations of the optimal tax and transfer schedule using eqn (15) in the paper. Panels a) and c)
contrast the optimal tax and transfer schedule during weak and strong labor markets using the empirical
estimates in the paper. Panels a) and c) use the optimal tax formula in the paper where both the employment
elasticity ηlow varies between boom and recessions as well as the Macro/Micro participation response. Panels
b) and d) set the Macro/Micro participation response ratio to 1 and let’s only the employment elasticity vary
over the cycle and thus corresponds to the Saez (2002) formula . The solid line shows the tax schedule using
the weak labor market estimates from Table 4 based on the 6 month change in the unemployment rate. The
line with plus signs shows the tax schedule for the corresponding strong labor market estimates from Table 4.
All simulations assume ε = 0.25, ηhigh = 0, µ = 0 and the redistributive taste parameter ν = 0.5. In Panel c)
and d) the first dot of each line is the employment tax rate of moving from 0 income to the first income bin.
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