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Abstract
We analyze the extent to which labor supply responds to incentives created
by social programs in the United States. We find evidence that the incentive
and disincentive effects of the EITC and welfare programs on hours worked
among single mothers are more extensive than previously found in the literature. We also show that the difference-in-differences design, frequently
adopted in the existing literature, fails to identify a meaningful treatment parameter in the context of the welfare-to-workfare transition in the 1990s. Finally, we use our quasi-experimental estimates to identify a structural model
of labor supply with multiple tax and transfer programs. Model counterfactuals show that the EITC’s effect on labor supply depends on the regime of
taxes and welfare system in place.
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Introduction

In fiscal year 2019, the United States spent $361 billion on income security programs (Center on Budget and Policy Priorities 2020). These social programs combine to generate a set of labor supply incentives. Whether, and how, individuals
respond to these incentives is an empirical question generating much debate. Despite a considerable empirical literature on the effects of means-tested social programs on labor supply, crucial questions remain unanswered. For instance, why
do many empirical works find sizable extensive margin responses to the reforms
of social welfare programs in the United States in the 1990s, while the effect on
hours worked is negligible? To what extent do the labor supply incentives generated by social programs like the Earned Income Tax Credit (EITC) and traditional
welfare—two of the largest social programs in the United States—interact with
the overall tax regime?
We attempt to answer these questions through a unified quasi-experimental and
structural analysis that evaluates the impact of reforms to the EITC and traditional welfare during the 1990s on single mothers’ labor supply. These reforms
transformed the social safety net from a welfare-oriented to a workfare-oriented
regime. The EITC, a tax credit for parents who work and have low earnings, was
progressively expanded to become the largest income support program in the US.
Meanwhile a series of statewide reforms curtailed the generosity of welfare and
culminated in the nationwide replacement of Aid for Families with Dependent
Children (AFDC) with the stricter Temporary Aid for Needy Families (TANF).1
The first contribution of this work is methodological. We show that the DiD design frequently used in the literature evaluating social program reforms is an
inappropriate tool when applied to settings with heterogeneous benefits and incentives. When a new program is introduced, DiD identifies a weighted average
of traditional treatment parameters corresponding to each level of the treatment,
but when a program is merely expanded —as the EITC was in the 1990s—DiD
does not generally identify a treatment parameter corresponding to the causal
effect of the program. Moreover, the DiD estimand is silent about the marginal
behavioral responses of individuals to changes in benefit levels, which is a policy1

Throughout the paper, we use the term welfare to refer to both AFDC and TANF.
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relevant parameter of interest. Finally, as acknowledged in a review by Nichols
and Rothstein (2016), DiD, by averaging across groups, abstracts from the heterogeneous incentives that individuals face due to varying effective marginal tax
rates across the length of the benefit schedule.
To overcome DiD’s limitations, we propose an alternative empirical specification
to evaluate the US welfare-to-workfare transition. Our identification strategy
relies on two main elements. First, unlike many prior studies of the welfareto-workfare transition, we use longitudinal data that enable us to eliminate the
effect of individual unobserved time-invariant heterogeneity by estimating the
model in first differences.2 Second, we estimate the average marginal response of
labor supply to exogenous policy-induced changes in EITC and welfare benefits.
The focus on marginal effects allows us to overcome concerns about averaging
heterogeneous effects across subgroups who may be affected differently by each
policy. To conduct this analysis, we use data from the March Annual Social and
Economic Supplement (ASEC) to the Current Population Survey (CPS) for the
years 1988-2002, a period spanning the major reforms to welfare and the EITC
during the 1990s. We examine single mothers as they are particularly exposed to
these programs, and we disentangle the separate effects of welfare and the EITC
for these individuals.
This quasi-experimental evaluation reveals that single mothers are highly responsive to the incentives created by social programs. For each $1,000 increase
in EITC benefits, we estimate that labor supply increases by about 115 hours
worked per year, an eight percent change relative to the pre-reform period. At
the same time, a $1,000 reduction in the generosity of welfare causes a statistically
significant increase of 17 hours per year, a one percent change.3 These estimates
are robust to the inclusion of controls for individual and household characteristics, state fixed effects, state unemployment levels, and the introduction of statespecific welfare reforms.
2

Gelber and Mitchell (2012) argue in favor of using longitudinal data over repeated crosssections when estimating labor supply responses to policies. They show that estimates of labor
supply elasticities can be 50 percent larger in models that include individual fixed effects.
3
Rates of EITC take-up in the period we study are high, over 80 percent (Scholz 1994; Blumenthal, Erard, and Ho 2005). Welfare takeup is typically lower, so our empirical estimates should be
interpreted as lower bounds on the effects of welfare on employment.
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Our empirical analysis contributes to the literature on labor supply responses to
social programs in at least two important dimensions. Instead of focusing exclusively on average aggregate effects, our empirical design aims to identify the
marginal responses of individuals to EITC and welfare benefits. This answers an
economically meaningful question: To what extent do individuals respond to the
incentives generated by social programs? Furthermore, this approach naturally
lets us compare our empirical estimates with the marginal responses predicted
by standard labor supply models. A prediction from a standard static labor supply model is that the high marginal tax rates created by the phase-out of meanstested programs should have disincentive effects on hours worked. However,
this prediction has hitherto found little support in the data (Meyer 2002, Eissa
and Hoynes 2006). Our analysis provides direct evidence that mothers reduce
hours worked in response to the high marginal tax rates in the phase-out of the
EITC schedule.
A further contribution of this work is to demonstrate the importance of modeling
the interdependence of the tax code and the labor supply incentives created by
different social programs when making predictions of the effects of future fiscal
reforms on labor supply. To this end, we specify and estimate a static labor supply model using our empirical quasi-experimental estimates. We use the model
to conduct counterfactual analyses of alternative reforms of the EITC and welfare
that did not take place in the past. Moreover, we use our theory to analyze the
labor supply responses of replacing—in a fiscally neutral way—the current EITC
and TANF programs with Universal Basic Income (UBI), a policy that has recently gained currency in the political debate (The Economist 2020). To the extent
that factors like saving, human capital accumulation and fertility induce dynamic
effects of the EITC and welfare on labor supply, our model predictions should be
interpreted as illustrative of how social program reforms interact with the rest of
the tax and transfer system within a context of optimal decision-making.
We first use our model to decompose the effect of reforms to the EITC and welfare in isolation during the 1990s. This exercise requires us to fully account for
the interdependencies between the labor supply incentives generated by the two
programs. The decomposition reveals that employment among single mothers in
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1996 would have been 7.5 (5.5) percentage points lower had the EITC (welfare)
not been reformed. The model therefore comes to a similar conclusion as early
research on these two programs using structural models of labor supply (Keane
1995, Keane and Moffitt 1998). Second, our model suggests that UBI’s effects on
labor supply depend on which program is eliminated: Employment and hours
worked decrease if UBI replaces the EITC but increase if UBI replaces welfare.
These aggregate effects hide vast heterogeneity in individual responses, with
hours worked responding nonmonotonically depending on whether the individual was previously benefiting from the now-eliminated social program. Overall,
our results highlight the importance of modeling the entire tax and transfer system when providing quantitative analysis to inform and advise policymakers.
Finally, we use the model to show how the aggregate elasticity of labor supply varies with the underlying tax and transfer system. We simulate a reform
of the EITC program that expands both the federal income limit and the maximum federal benefit in 1996, while simultaneously varying features of the tax
regime. We find that the average treatment effect (ATE) on employment depends
on the effective marginal tax rate and the progressivity of the tax system. For
example, the same EITC reform causes a small effect of two percentage points in
employment if the progressivity of labor income taxes is 20 percent higher than
the observed 1996 tax progressivity, and a sizable eight percentage point effect on
employment if the progressivity is 20 percent lower than the status quo. Moreover, the simulated extensive margin elasticity with respect to labor income taxes
from the estimated model (0.3) is systematically smaller than the structural labor
supply elasticity from which the data is generated (unitary Frisch elasticity). This
result reconciles the different conclusions of the nonstructural and structural literatures on the magnitude of the labor supply elasticity (see Keane and Rogerson
2012 and Keane and Rogerson 2015 on the discrepancy between micro and macro
elasticities).
Relationship to Literature. An extensive literature evaluates the effects of tax
and transfer regimes on female labor supply, hence we limit our review to those
works most closely related to ours. The literature on the effects of the EITC on
labor supply is summarized in several excellent reviews such as Hotz and Scholz
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(2003) and Hoynes and Rothstein (2017). For instance, Hotz and Scholz (2003)
discuss the importance of complementing reduced-form analyses with structural
approaches that parameterize individual preferences and constraints in a theory
of optimal decision-making, as we do in this paper. Moffitt (1990), Keane and
Moffitt (1998), and Keane (1995) build on this idea to analyze a wide range of
policy reforms and expansions of the EITC. According to these studies, the EITC
expansions between 1984 and 1996 considerably increased labor force participation, especially for the group of single mothers.Mancino and Mullins (2020) find
that EITC expansions generate positive responses for workers transitioning into
employment, transitioning to new jobs, and accepting second jobs. Blundell et al.
(2016), building on life-cycle models of female labor supply in, e.g., Heckman and
Macurdy (1980), Eckstein and Wolpin (1989) and Keane and Wolpin (1997), show
that the expansion of tax credits similar to the EITC in the UK increases single
mothers’ labor supply and marginally reduces educational attainment. We contribute to this strand of literature by providing quasi-experimental evidence that
is consistent with the predictions of this class of models and by showing how the
same structural elasticity of labor supply can generate markedly different behavioral responses to the EITC depending on the level and progressivity of the tax
and transfer system.
Many empirical works evaluating the labor supply effects of the EITC implement
various DiD designs that compare a control group of single women—who were
ineligible for EITC benefits prior to 1994—to a treatment group of single mothers.
For instance, Eissa and Liebman (1996) study the impact of the 1986 EITC reform
via a DiD analysis and find that the reform increased labor force participation for
single mothers. With a similar empirical strategy, Meyer and Rosenbaum (2001)
implement a decomposition analysis and find that a large share of the increase
in employment by single mothers between 1984 and 1996 can be attributed to
the EITC, with small effects due to welfare reform.4 Kleven (2020) argues the
4

These findings align with the results for a sample of California residents in Hotz, Mullin, and
Scholz (2006), with studies based on longitudinal data such as Gelber and Mitchell (2012), and
with studies exploiting event study setups around the largest EITC reforms such as Hoynes and
Patel (2018). Dickert, Houser, and Scholz (1995), Meyer (2002), Eissa, Kleven, and Kreiner (2008),
Bastian (2020), and Bastian and Lochner (2020) also find EITC-induced increases in maternal labor
force participation and employment with the effect mainly driven by the group of single mothers.
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opposite. He augments an event study of the 1993 EITC reform with controls
for state-specific welfare reforms and unemployment rates and shows that this
shrinks the effect of the EITC on the observed rise in employment in the 1990s
to zero.5 We contribute to this strand of literature in a dual way. First, we show
the limitations of DiD and event study designs used in this literature to evaluate multiple programs that are continuously reformed over time, as in the 1990s
welfare-to-workfare transition. Second, we provide new evidence of marginal responses of labor supply to both the EITC and welfare using quasi-experimental
variation that exploits the reform of these programs across time and space.
Papers that find evidence of intensive margin responses to the EITC are relatively few and use theoretical predictions of bunching at EITC kink points rather
than observed labor supply to infer the magnitude of intensive margin responses.
Saez (2010) finds bunching only among self-employed taxpayers and only at the
first EITC kink, suggesting a manipulation of reported earnings, but no intensive
margin labor supply response. Chetty, Friedman, and Saez (2013) exploit variation in the extent of bunching along the kinks in the EITC schedule to estimate
intensive margin responses that are similar in magnitude to extensive margin responses. Chetty and Saez (2013) find, however, that a randomized experiment
providing personalized information about the EITC had at best marginal effects
on the intensive margin of labor supply. Mortenson and Whitten (2020) argue
that bunching by wage earners is driven entirely by income misreporting and
not by a labor supply response.
A final strand of literature of interest for this study concerns the effects of welfare.
Studies on how welfare and welfare reforms affect work incentives, welfare dependency, family structure, and migration are reviewed in Moffitt (1992), Blank
(2002), and Grogger and Karoly (2005). The effects of welfare reforms on labor
supply are analyzed using a dynamic discrete choice model in Chan (2013) and
using a marginal treatment effects framework in Moffitt (2019). Grogger (2003)
analyzes how welfare and the EITC jointly affect labor supply in a regression
framework. Ashenfelter (1983), Kline and Tartari (2016), and Bitler, Gelbach, and
Hoynes (2006) find intensive and extensive margin responses to welfare that are
5

Schanzenbach and Strain (2021) argue that Kleven’s findings are not robust to the choice of
labor supply variable or the exclusion of business cycle controls.
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consistent with standard labor supply models. We document the same for the
EITC.
Description of Programs. We now provide a brief description of the two cash
transfer programs. We refer the reader to Appendix A for a more detailed description of the changes these programs underwent during the period we study.
The EITC and welfare create contrasting incentives for labor supply behavior. To
receive the EITC, a recipient must have a dependent child, positive earnings, and
adjusted gross income below a threshold that varies with the year and number
of dependent children.6 The schedule of benefits depends on pre-tax income and
features three parts: A phase-in where earned income receives a proportional
subsidy, a plateau where benefits are neither increased nor reduced, and a phaseout where benefits are withdrawn. The incentives for recipients differ depending
on their position in the schedule. Standard models of labor supply predict that
the substitution effect created by the phase-in would raise labor supply, while
individuals situated on the plateau and phase-out would likely work less. The
EITC’s schedule of benefits was expanded continually throughout the 1990s, although one of the largest expansions was passed in 1993 and involved yearly
increases in the benefit schedule for every year between 1994 and 1996.
In contrast to the EITC, traditional welfare has historically provided benefits to
parents who do not work. Concerns that welfare disincentivized labor supply
caused states to implement a variety of reforms, primarily between 1994 and
1996. These welfare waiver reforms contained a mix of incentives designed to
encourage employment and reduce the number of families receiving benefits.
Many characteristics of the waiver reforms were eventually adopted nationwide
when TANF replaced AFDC in 1996. Throughout this paper, we refer to the
welfare-to-workfare transition as the set of welfare reforms and EITC expansions
that were implemented in the United States between 1993 and 1996.

6

Starting in 1994, individuals without dependent children but satisfying the other criteria
were eligible for a small tax credit through the EITC.
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2

Empirical Evaluation and the DiD Estimand

Much of the empirical literature analyzing the effects of the EITC on labor market outcomes uses DiD or event study designs. A standard approach partitions women into single women without children, who are ineligible to receive
EITC benefits prior to 1994, and single mothers, who are eligible, and compares
changes in their labor supply around a reform using DiD (see for example Eissa
and Liebman 1996; Meyer and Rosenbaum 2001; Kleven 2020; Schanzenbach and
Strain 2021).7 This approach aims to recover average effects of the program in the
population.
In this section, we discuss what this standard DiD design identifies when the
reform in question is not merely the introduction of a new program, but rather
a change in the regime of an already-existing social program. We discuss the
identification results under different scenarios. Our analysis differs from the results in Athey and Imbens (2006) on the changes-in-changes model with binary
treatment as we consider a framework with differential program benefits in the
population and potential heterogeneous responses. Moreover, our analysis differs from the work of De Chaisemartin and D’HaultfŒuille (2017) on the fuzzy
DiD design, as reforms to social programs typically induce more than a one-unit
increment in benefits, which causes problems in identifying the average causal
response (ACR) due to overlapping complier groups across different margins.
Our framework considers a reform to a pre-existing social program that can
change benefit levels in an unrestricted way. This feature is germane to any
analysis of the EITC reforms that took place during the 1990s, which increased
the income limits determining eligibility and the benefits of eligible individuals. Our focus on the standard DiD design is without loss of generality, as any
year-specific coefficient in an event study can be estimated using a DiD design
comprising only data from the year in question and the base year.
We consider the case where the set of possible EITC benefits is the discrete set
J = {0, 1, . . . J}. Associated with each benefit level, j, at time t is a potential
outcome Yj,t . We define separate indicators, Dj,t , for each of the J +1 EITC benefit
7

Many single mothers are not eligible to receive the EITC because their incomes are too high
(noncompliance). In Appendix B we explore the consequences of noncompliance.
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levels.8 P(Dj,t = 1) is the probability of receiving benefit level j. At each point in
time, the econometrician observes only one of the J + 1 potential outcomes. We
can write this observed outcome, Yt , as a function of treatment assignments and
potential outcomes as follows:
Yt = Y0,t +

J
X

Dj,t (Yj,t − Y0,t ) .

(1)

j=1

The standard DiD design estimates the following equation:
Yi,t = β0 + β1 P ostt + β2 T reati + β3 T reati × P ostt + εi,t ,

(2)

where T reati is a time-invariant binary variable equaling one if the individual
receives EITC benefits at any point in the study, and P ostt is a binary variable
equaling one in the period after the reform. The parameter of interest is β3 .
We consider a reform of the EITC that occurs between time t−1 and t. To facilitate
∗
, an indicator for the benefit level
discussion of this expansion, we introduce Dj,t
the individual would receive at time t if there had been no EITC reform, and
∗
a variable for the associated level of labor supply, Yj,t
. An expansion at time t
that causes an individual to receive benefits equal to j instead of h would be
∗
characterized by a shift from Dh,t
= 1 to Dj,t = 1. Because there is feedback
between labor supply and EITC benefits—greater labor supply raises income,
which in turn influences the benefit calculation—we interpret Dj,t as an indicator
variable for the benefits received by the individual as a result of the EITC reform
only, before the feedback between labor supply and EITC benefit receipt has been
taken into account.
The first assumption we invoke is standard in the program evaluation literature
that uses DiD designs:

8

This analysis does not require that the set J be ordered. The analysis goes through if J
contains tuples that each represent a benefit level and a marginal tax rate. This is relevant for the
EITC as there are two implied marginal tax rates, on the phase-in and phase-out, for each benefit
level.
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Assumption 1 (No Selection on Counterfactual Trends).
E[Y0,t − Y0,t−1 |T reat] = E[Y0,t − Y0,t−1 ]
Under Assumption 1, the DiD estimand represents the mean difference in longitudinal changes in the outcome Yt between treatment and control group: β3DiD =
E[Yt − Yt−1 |T reat = 1] − E[Yt − Yt−1 |T reat = 0]. Below, we define two main causal
parameters of interest.
Definition 1 (The EITC Target Parameters). Two main parameters of interest with
respect to an evaluation of the EITC program are the average effect of treatment on the
treated (ATT), and the average treatment effect of the policy reform (ATPR). These parameters are defined as follows:
ATT ≡ PJ

J
X

1

j=1 P(Dj,t = 1)

ATPR ≡ PJ

j=1

1
PJ

P(Dj,t = 1)E[Yj,t − Y0,t |Dj,t = 1] ,

j=1

J X
J
X

∗
h=1 φj,h j=1 h=1

∗
∗
φ∗j,h E[Yj,t − Yh,t
|Dj,t = 1, Dh,t
= 1] ,

∗
where φ∗j,h = P(Dj,t = 1, Dh,t
= 1).

ATT is a causal parameter that measures the effectiveness of the program as it is
currently implemented. It identifies the program’s average effect across all levels
of treatment relative to a world with no program for the people who actually
participate in the program. While ATT evaluates the program itself, ATPR can be
used to evaluate a reform of the program. It measures the effect of the program’s
reform for people whose benefit level was altered by the reform.
However, Proposition 1 clarifies that without additional assumptions, the DiD
estimand does not identify either of the target parameters.
Proposition 1. Suppose Assumption 1 holds. Then, the DiD estimand from model (2)
is proportional to the difference of weighted sums of treatment on the treated (TT) param-
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eters for each treatment level:
β3DiD

=

1

J
X

pT reat

j=1

T
(pj,t ∆Tj,tT − pj,t−1 ∆Tj,t−1
),

(3)

where pT reat = P(T reat = 1), and for each j = 1 . . . , J, pj,t = P(Dj,t = 1), ∆Tj,tT =
T
are defined analogously.
E[Yj,t − Y0,t |Dj,t = 1], and pj,t−1 and ∆Tj,t−1
Proof. See Appendix B.
Proposition 1 reveals that the DiD estimand could be zero or negative even if the
treatment effect at each treatment level, Yj,t − Y0,t , is positive and hence
 TT
J
∆j,t > 0 j=1 . Moreover, without additional restrictions, the DiD estimand in
Equation (3) is silent about the average effect of the policy reform (ATPR). We
now consider several special cases of the model and ask whether DiD identifies
any causal parameters of interest. Appendix B considers additional cases including imperfect compliance. The Appendix shows that strong restrictions on the
behavior of treatment and control individuals are required for the DiD estimand
to have a causal interpretation in the presence of imperfect compliance.
No Pre-existing Policy Regime. If a program is introduced at time t for the first
time, so that no individuals in the treatment group were exposed to the program
prior to the reform (pj,t−1 = 0 for all j 6= 0), DiD identifies ATT, a weighted averP
age of treatment on the treated parameters: β3DiD = Jj=1 ωj,t ∆Tj,tT . The weights,
p
ωj,t = PJ j,tp , are given by the fraction of the treated population receiving each
j=1 j,t
level of the treatment, and they sum to one. However, this case is not relevant
when the DiD design is used to evaluate programs like the EITC that were already in place prior to the reform being analyzed.
DiD Interpretation with Additional Restrictions. We next consider the case in
which the potential outcomes are time-invariant, Yj,t = Yj,t−1 = Yj ∀j ∈ J . In
this case, the DiD estimand is a function of the marginal effects on the treated
PJ P
1
generated by the reform: β3DiD = pT reat
j=1
h6=j φj,h E[Yj − Yh |Dj,t = 1, Dh,t−1 =
1], where pT reat = P(T reat = 1), and φj,h = P(Dj,t = 1, Dh,t−1 = 1).
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The DiD estimand in this case identifies the ATPR only in a very special case.
∗
= Dh,t−1 for h = 1, . . . , J and for
Identification of ATPR requires both Dh,t
PJ P
j=1
h6=j φj,h = pT reat . The first assumption means that individuals must have
the same treatment level in time t − 1 as they would have in time t absent the
reform, while the second means that every individual must change the amount
of EITC benefits they receive between periods t − 1 and t because of the reform.
These assumptions are unlikely to hold true in many empirical applications in the
EITC literature: In Section 3.3 we show that the fraction of single mothers with
no change in EITC benefits over time is sizable. Finally, restricting the potential
outcomes over time can be inconsistent with changes in the rest of the tax and
transfer programs, where an individual’s labor supply for a given level of EITC
benefits can change because of incentives from other social program reforms.9
Simultaneous Changes in Other Tax and Transfer Programs. The above restrictions on time-invariant potential outcomes, and on the independence between
counterfactual trends and policy regime levels, are unrealistic when the rest of
the tax and transfer system is changing over time. The effect of the EITC on labor supply is likely to vary depending on marginal tax rates and other benefit
programs like welfare and food stamps.
Kleven (2020), Grogger (2003), and Meyer and Rosenbaum (2001) discuss how
state-level reforms to welfare occurred contemporaneously with the 1993 EITC
expansion, and the DiD design confounds the effects of the two policy reforms
on employment. They propose overcoming this challenge by exploiting the uneven introduction of welfare waiver reforms across states. In this framework,
Wi,t ∈ {0, 1} indicates whether individual i resides in a state that had implemented welfare waiver reforms (Wi,t = 1) or not (Wi,t = 0) by time t. The redefined DiD model including the effects of waivers is
Yi,t =β0 + β1 P ostt + β2 T reati + β3 P ostt × T reati +

9

An alternative restriction on the structure of the model would be to assume that trends are
independent of the level of the benefits. Similarly, this restriction is not suitable when the labor supply incentives generated by the EITC for the treatment group interact with simultaneous
changes in other tax and transfer programs.
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β4 Wi,t + β5 Wi,t × P ostt + β6 Wi,t × T reati + β7 Wi,t × P ostt × T reati + εi,t .
(4)
This approach compares employment rates in states that implemented welfare
waivers with those that did not in an effort to estimate a treatment parameter for
the EITC. However, Proposition 2 shows that this approach still does not estimate
a meaningful treatment parameter.
Proposition 2. Suppose assumption 1 holds. Then the DiD estimand from model (4) is:
β3DiD =

1

J
X

pT reat

j=1

=0 T T,W =0
=0 T T,W =0
pW
− pW
,
j,t ∆j,t
j,t−1 ∆j,t−1

=0
= P(Dj,t =
where pT reat = P(T reat = 1|Wi,t = 0), and for each j = 1 . . . , J, pW
j,t
W =0
W =0
1|Wi,t = 0), ∆j,t = E(Yj,t − Y0,t |Wi,t = 0), pj,t−1 = P(Dj,t−1 = 1|Wi,t = 0), and
=0
∆W
j,t−1 = E(Yj,t−1 − Y0,t−1 |Wi,t = 0).

Proof. See Appendix B.
Proposition 2 reveals that the DiD estimand when controlling for waivers is still
a difference in weighted treatment on the treated parameters for each margin of
the EITC program. Moreover, the use of event study designs, which is a common way of implementing DiD in the EITC literature, introduces an additional
complication when controlling for waivers. Each coefficient in the event study
is identified by conditioning on the subset of states that had not implemented
any welfare waivers by the year in question. As the set of states that had not
implemented welfare waiver reforms by 1994 will differ from the set of states
not having implemented them by 1995, the coefficients for 1994 and 1995 in the
event study will be identified by labor supply changes in a different set of states.
This means that comparisons of the event study coefficients across years will confound changes in employment over time resulting from the reform with changes
in the average employment level that result from conditioning on a different set
of states.10 Therefore, not only do the event study coefficients fail to identify any
10

See Grogger and Karoly (2005) for a discussion of the timing of the implementation of the
welfare waiver reforms.
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meaningful treatment parameter related to the 1993 EITC expansion, comparisons across years are also misleading, because the set of states identifying each
coefficient varies by year.

3

Evaluation of the EITC and Welfare Reforms

We now propose a different empirical model that sidesteps the limitations of the
DiD design when evaluating reforms to social programs and identifies the average marginal effect of EITC and welfare benefits on labor supply. These parameters are economically meaningful as they reveal the extent to which individuals
respond to the incentives created by the programs.
Our main empirical specification of labor supply for individual i at time t is
Yi,t = β0 + γ0 t + γ1 ξi,t + γ2 Ti,t + αi + i,t ,

(5)

where Yi,t is a measure of labor supply, ξi,t is the value of EITC benefits, Ti,t is the
value of welfare benefits, αi represents an individual-specific unobserved preference for work, and i,t represents additional unobserved heterogeneity. We allow
for a possible time trend, denoted by t. The marginal effect of EITC benefits is
given by γ1 , while the marginal effect of welfare benefits is γ2 .
Before estimating (5), we difference the equation to eliminate each individual’s
unobserved preference component, αi , yielding
∆Yi,t = γ0 + γ1 ∆ξi,t + γ2 ∆Ti,t + ∆i,t ,

(6)

where ∆ξi,t and ∆Ti,t are policy-induced longitudinal changes in EITC and welfare benefits. Following this transformation, the average marginal effects of EITC
and welfare benefits are identified under the following standard exogeneity assumption.
Assumption 2. The longitudinal change in the unobserved heterogeneity of labor supply
among individuals is mean independent of the policy-induced longitudinal changes in
EITC and welfare benefits: E[∆i,t | ∆ξi,t , ∆Ti,t ] = E[∆i,t ] = 0.
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Assumption 2 is similar to the standard parallel trend assumption in DiD, although here the unobserved determinants of labor supply, ∆εi,t , must be mean
independent of the intensity of the treatment (∆ξi,t , ∆Ti,t ) rather than whether an
individual is in the treatment group. Section 3.1 describes the way we construct
∆ξi,t and ∆Ti,t so that Assumption 2 is likely to be satisfied.
Under Assumption 2, Ordinary Least Squares (OLS) identifies γ1 and γ2 . If labor supply is not truly linear in EITC and welfare benefits, then OLS identifies
the average marginal effect of EITC benefits (welfare benefits) on hours worked,
ceteris paribus for the level of welfare benefits (EITC benefits):
γ1 =

∂E[ Yi,t | ξ, T ]
∂E[ Yi,t | ξ, T ]
and γ2 =
.
∂ξ
∂T

We assess the linearity assumption in Section 3.2 and estimate a model allowing
for nonlinear response in Section 4.
Unlike DiD designs, consistent estimation of the specification in (6) identifies an
interesting treatment parameter: the average marginal effect of the treatment in
the population. A nonzero marginal effect of the EITC or welfare would reveal
whether single mothers respond to the incentives created by the programs. Furthermore, if the marginal effects are constant, the estimated marginal effects can
be used to construct back-of-the-envelope estimates of ATTs by multiplying the
marginal effects by the average benefit rescaled by the proportion of treated individuals in the population.
3.1

Data

We use the March Annual Social and Economic Supplement (ASEC) to the Current Population Survey (CPS). The CPS is a monthly US household survey that
asks each member of the household detailed questions related to labor force participation, earnings, and demographic characteristics. Households selected into
the CPS are surveyed eight times over a period of 16 months.
We use the ASEC supplement for two reasons. As the survey occurs once per
year, we can create a panel with two observations per individual. Moreover, the
ASEC measures labor force participation and income in the prior calendar year
15

while the CPS monthly files measure variables in the prior week or prior twelve
months. Since the EITC is calculated on the basis of annual earnings and our
analysis relies on a precise continuous measure for policy-induced changes in
EITC benefits over time, we view the ASEC as more appropriate for our analysis.
Our sample consists of single mothers between the ages of 25 and 50 who are
present in two consecutive years of the ASEC supplement. We look at single
mothers for three reasons: (i) women with children are a main target of programs
such as the EITC and welfare; (ii) single mothers are deemed one of the most
responsive groups to tax and welfare reforms; and (iii) it simplifies the analysis
by abstracting from potential interaction effects with partners’ behavior.
We create longitudinal linkages for single mothers in the ASEC between 1988
and 2002, resulting in a sample of 10,959 unique mothers. Each single mother
is observed one time per year for two consecutive years. For each mother, we
construct year-on-year changes in total yearly hours worked. We hold family
structure constant: Women who have children between the first and second years
of the survey are excluded from the analysis.
In the spirit of Dahl and Lochner (2012), we construct exogenous policy-induced
changes in EITC and welfare benefits, ∆ξi,t and ∆Ti,t , for each individual in the
sample. This involves predicting the counterfactual level of earnings (Ei,t ) and
nonlabor income (N Li,t ) that would have prevailed in the second period (t) of
the sample in the absence of any labor supply response to the EITC and welfare
bi,t (respectively N
d
reforms. E
Li,t ) is the predicted value from a regression of Ei,t
(N Li,t ) on a fifth-order polynomial in its lag and an indicator for positive lagged
values. This model provides reasonable predictions of second period income
with an R2 of 0.58. Nevertheless, in the next section we show that our results are
robust to a wide range of prediction models.
bi,t and N
d
After predicting earnings and nonlabor income, E
Li,t then serve as inputs in the computation of second-period welfare and EITC benefits, (ξbi,t ,Tbi,t ), as
follows:
bi,t ) and Tbi,t = T W elf are (E
bi,t , N
d
ξbi,t = EIT Ci,t (E
Li,t ) ,
i,t
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W elf are
where EIT Ci,t (·) and Ti,t
(·, ·) are functions that calculate EITC and AFCD/TANF
benefits in year t based on program rules and individual characteristics (number of dependent children and state of residence). Our measures of exogenous
policy-induced changes in benefits are then given by:

∆ξi,t = ξbi,t − ξi,t−1 and ∆Ti,t = Tbi,t − Ti,t−1 .
EITC benefits are calculated using NBER’s TAXSIM and include state as well
as federal credits, while welfare benefits are computed from the AFDC/TANF
rules in place for each year and state. Appendix E provides further details about
the construction of these variables. Descriptive statistics for our sample are presented in Appendix Table D-1.
3.2

Empirical Results

In this section we provide estimates of the marginal effects of both the EITC and
welfare on single mother’s labor supply. We also provide evidence of an approximately linear relationship between labor supply and benefits, present new
evidence of intensive margin effects for the EITC that are consistent with labor
supply theory, and conduct several robustness tests. We conclude the section by
using our estimates of marginal effects to provide an estimate of ATT for each
program that is valid under an assumption of linearity.
Figure 1 depicts the binscatter of the nonparametric relationship between the longitudinal change in hours worked by single mothers and the variables ∆ξi,t and
∆Ti,t . All specifications include controls for state unemployment level, state and
year fixed effects, state welfare waivers, and indicator variables for race and the
number of dependent children. The analysis of the effect of EITC changes also
controls for changes in welfare benefits, and vice versa. The dependent variable, total hours worked per year, is constructed by multiplying the total weeks
worked per year by the variable denoting “usual hours worked per week.”
Two results are worth highlighting. First, Figure 1 suggests a positive (negative)
relation between workfare (welfare) policies and single mothers’ labor supply.
Expansions in EITC benefits induce increases in hours worked by single mothers
17
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Figure 1: Hours Worked, EITC Benefits, and Welfare Transfers
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The figure shows the relation between policy-induced changes in EITC benefits (Panel (a))
and welfare benefits (Panel (b)) on the change in yearly hours worked by single mothers. Policy-induced changes in EITC and welfare benefits are expressed in thousands of
2015 US dollars. Details on the construction of the variable for policy-induced changes in
EITC and welfare benefits are provided in Section 3.1 and Appendix E. Each panel depicts
the binscatter of the nonparametric relation and linear fit line between the y-residuals on
x-residuals with specifications containing control variables for mother’s race, number of
dependent children (indicators), year fixed effects, state fixed effects, state unemployment
level and state welfare waivers (indicator).

(Figure 1-a), while reductions in welfare benefits generate increasing levels of labor supply (Figure 1-b). Second, the relations between EITC and welfare benefits
and hours worked are well-approximated by a linear specification.
Table 1 presents the estimates of Equation (6), which constitute one of the main
results of our empirical analysis. In column (1), we estimate a model only including longitudinal changes in EITC benefits. In column (2), we focus on changes
in welfare benefits in isolation. Column (3) includes both changes in EITC and
welfare benefits. Column (4) augments the model in (3) with controls for state
and year fixed effects, and includes indicator variables for race and the number
of dependent children. Column (5) adds controls for state unemployment level
and an indicator variable for state welfare waivers.
According to the specification in column (1) of Table 1, a $1,000 increase in EITC
benefits induces a statistically significant increase of approximately 125 hours
worked per year. The effect size is slightly lower, about 115 additional hours
18

Table 1: EITC Benefits, Welfare Benefits, and Hours Worked per Year
(1)

(2)

(3)

(4)

(5)

Outcome: Change in Yearly Hours Worked
Change in EITC Benefits ($ 1000s)

125.45***

109.96***

115.38***

115.04***

(7.28)

(8.56)

(8.89)

(8.91)

-31.62***

-12.08***

-17.01***

-17.16***

(2.15)

(2.57)

(2.85)

(2.87)

10959

10959

10959

10959

10959

Controls and State F.E.

No

No

No

Yes

Yes

Unemployment and Waiver Controls

No

No

No

No

Yes

Change in Welfare Benefits ($ 1000s)
N

The table shows the causal effect of changes in policy-induced EITC benefits and welfare benefits on the change in yearly hours worked by single mothers. The dependent variable is the
year-on-year change in hours worked by single mothers. Policy-induced changes in EITC and
welfare benefits are expressed in thousands of 2015 US dollars. Details on the construction of the
variable for policy-induced changes in EITC and welfare benefits are provided in Section 3.1 and
Appendix E. Control variables include mother’s race, indicator variables for the number of dependent children, and year fixed effects. Unemployment and waiver controls include controls for
state unemployment level and indicator variables for state welfare waivers. Standard errors are
robust to heteroskedasticity and reported in parentheses. *, **, *** indicate statistical significance
at the 10%, 5%, and 1% levels, respectively.

per year, and remains positive and highly significant in the specifications with
additional controls in columns (2) to (5). Welfare benefits have the opposite effect.
A $1,000 decrease in welfare benefits induces a statistically significant increase
of about 32 hours worked per year in the specification with welfare benefits in
isolation and by about 12-17 hours in more saturated specifications.
The analysis of hours worked highlights two important insights. First, it confirms
that workfare-oriented policy regimes cause a positive labor supply response
among single mothers, while welfare-oriented regimes have the opposite effect.
This means that the combination of an increase in the EITC and a reduction in
welfare—namely, a welfare-to-workfare transition—causes an unambiguous increase in the aggregate labor supply of single mothers. Second, estimates for the
effect of changes in both EITC and welfare benefits are robust to the inclusion
of a wide range of controls for individual characteristics, such as race, number
of children, and macroeconomic factors like state unemployment levels and the
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presence of state welfare waivers.11
We can use the point estimates of marginal effects from column (5) of Table 1 to
construct a back-of-the-envelope estimate of ATT for each policy. When there is
no heterogeneity in labor supply and when marginal effects are constant, ATT is
simply the product of the marginal effect and the average EITC benefit rescaled
by the proportion of treated individuals. Averaged over all of the years in our
sample, this back-of-the-envelope calculation yields an ATT of 159 hours per year
for the EITC, while for welfare it is -121 hours per year. These figures are 11 percent and -8.5 percent of total labor supply during the period under consideration.
In computing ATT, the much smaller marginal effects for welfare relative to the
EITC are offset by the larger average benefit level among single mothers during
the sample period. The existence of heterogeneity in labor supply for a fixed
benefit profile as well as a nonlinear labor supply function would affect these
calculations. We allow for these departures in subsequent analysis.
Table 2 investigates heterogeneity in labor supply responses to the EITC and welfare by previous employment status.12 The main analysis for the EITC is displayed in columns (1) to (5). The results point to an increase by about 70-hours
of work per year in response to a $1,000 increase in EITC benefits for mothers
who were not working. The effect is similar for mothers who were working. Indeed, the marginal effect of EITC benefits for those mothers is higher (about 100
hours worked per year), but the two marginal effects are not statistically different. The similar response of mothers regardless of previous working status suggests strong marginal responses to EITC policy changes at both the intensive and
extensive margins. Section 3.3 digs into this result and analyzes the income and
substitution effects on labor supply for individuals located at different sections
11

Appendix Tables D-2, D-3, D-4, and D-5 explore the sensitivity of these results to alternative
income prediction models. The models are, respectively, (i) a fourth-order polynomial and an
indicator for lagged income, (ii) a fifth order polynomial and an indicator for lagged income
plus controls for race and number of children, (iii) the same as (ii) with controls included for
mother’s education, and (iv) the prediction model in the main text estimated on the sample of
single women. As single women were minimally affected by the EITC and welfare reforms in
the 1990s, their income prediction model may be better able to forecast the income growth that
would prevail among single mothers in the absence of any reforms. All results remain similar.
Appendix Table D-6 extends the analysis to weeks worked.
12
Employment status is measured in the first (t − 1) of the two time observations we have for
each mother in the sample.
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Table 2: EITC Benefits,Welfare Benefits and Hours Worked per Year (by Previous Employment Status)
(1)

(2)

(3)

(4)

(5)

(6)

(7)

Outcome: Change in Yearly Hours Worked
Not Working in t-1 × Change in EITC Benefits ($ 1000s)

72.49***

61.27***

69.62***

69.19***

74.28***

117.96***

(21.66)

(22.16)

(23.91)

(23.98)

(23.44)

(38.99)

Not Working in t-1 × Change in Welfare Benefits ($ 1000s)

13.97***

12.29***

6.20*

6.00

(3.40)

(3.51)

(3.75)

(3.77)

Not Working in t-1 × Any Positive Change in Welfare Benefits

Working in t-1 × Change in EITC Benefits ($ 1000s)

-134.89***
(47.47)

107.44***

92.71***

98.57***

98.35***

95.35***

102.03***

(8.93)

(10.42)

(10.54)

(10.55)

(10.85)

(14.19)

-39.14***

-16.14***

-19.32***

-19.38***

(4.58)

(5.32)

(5.44)

(5.44)
-115.49***

-136.54***

(31.85)

(44.51)

Working in t-1 × Change in Welfare Benefits ($ 1000s)

Working in t-1 × Any Positive Change in Welfare Benefits
N

-30.26
(29.33)

10959

10959

10959

10959

10959

10959

4354

Controls and State F.E.

No

No

No

Yes

Yes

Yes

Yes

Unemployment and Waiver Controls

No

No

No

No

Yes

Yes

Yes

Sample

Full

Full

Full

Full

Full

Full

Only Waiver States

The table shows the causal effect by lagged employment status of changes in policy-induced EITC benefits and welfare benefits on the change in yearly
hours worked by single mothers. The dependent variable is the year-on-year change in hours worked by single mothers. Policy-induced changes in EITC
and welfare benefits are expressed in thousands of 2015 US dollars. The variable for any positive changes in welfare benefits is an indicator variable
taking the value of one in the case of a nonnegative change in policy-induced changes in welfare benefits from t − 1 to t and zero otherwise. Details on the
construction of the variable for policy-induced changes in EITC and welfare benefits are provided in Section 3.1 and Appendix E. The variable Working in t−1
is an indicator variable taking the value of one if the mother was working at baseline, and zero otherwise. Control variables include mother’s race, indicator
variables for the number of dependent children, and year fixed effects. Unemployment and waiver controls include controls for state unemployment level
and indicator variables for state welfare waivers. Standard errors are robust to heteroskedasticity and reported in parentheses. *, **, *** indicate statistical
significance at the 10%, 5%, and 1% levels, respectively.

of the EITC schedule.
The analyses in columns (1) to (5) yield mixed evidence for the case of welfare.
On the one hand, the welfare effect for nonworking mothers is small and statistically insignificant in the most complete specifications. Limited variation in
policy-induced welfare benefits for nonworking mothers makes it difficult to precisely identify responses for mothers who were not working in the previous period.13 On the other hand, single mothers who were working in the previous
year respond to policy-induced changes in welfare benefits: A $1,000 decrease in
welfare benefits causes an increase in labor supply of about 20 hours per year.
In columns (6) and (7) we dig into the welfare effect for nonworking mothers by
implementing an alternative approach. We construct an indicator for whether
13

Figure A-2 reveals that there is little intertemporal variation in welfare benefits for mothers
with no earnings. Most of the variation, which is across states, is absorbed by the inclusion of
state fixed effects.
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individuals were exposed to nonnegative changes in welfare benefits due to the
policy. As before, we interact this variable with an indicator for individual’s
working status in the previous year. The same analysis is performed in column
(7) by restricting the sample to states undergoing welfare waiver reforms, i.e.
those states experiencing sizable reforms of their welfare system. These state reforms produced extensive margin incentives for welfare recipients by introducing new eligibility criteria such as work requirements, time limits, and job search
activities. While insights on the intensive margin responses remain similar as
in previous analyses, the new specifications in columns (6) and (7) reveal larger
extensive margin responses to reforms of the welfare system. Column (6) shows
that, in all states, mothers who were working in period t−1 and receive a nonnegative change in welfare benefits reduce their labor supply by more than working
mothers experiencing a negative change in welfare benefits. When restricting the
analysis to the states undergoing welfare reforms, this negative effect is also observed for women not previously working: Relative to nonworking mothers who
receive negative changes to welfare benefits, mothers who are not working in period t − 1 and who receive nonnegative changes in welfare benefits experience
lower growth in labor supply. This statistically significant reduction of 135 hours
per year provides evidence of the extensive margin effects of welfare reform.14
Finally, column (7) still shows sizable EITC effects on both the extensive and intensive margin when focusing on the states undergoing welfare waiver reforms.
This result exceeds estimates from event studies that control for welfare waivers
(see Appendix C), reinforcing the central point of Proposition 2.
Threats to Identification. Although the preceding analysis takes advantage of
policy-induced shifts in EITC and welfare benefit schedules to provide quasiexperimental variation in benefit levels, there may be lingering concerns about
endogeneity caused by the means-tested nature of the two programs. Since income determines eligibility according to program schedules, there is the possibility that trends in income growth and labor supply between periods t − 1 and
14

Point estimates in columns (1) to (5) are not directly comparable with those in columns (6)
and (7). The specifications in columns (1) to (5) are based on a continuous variable capturing
the evolution of the welfare system, while the specifications in columns (6) and (7) capture the
evolution of the welfare system through an indicator variable for constant or increasing welfare
benefits.

22

t may be correlated, thereby inducing a mechanical correlation between our imputed changes in benefits and the unobserved term in the regression. To tackle
this possible concern, we augment our main specification with a set of controls
for the initial position of each mother in the EITC and welfare schedule. The
inclusion of these controls allows for correlation between income growth and
unobserved heterogeneity as long as this relationship is constant over time.
Table 3 reports the results for this augmented specification in columns (1) and (2).
The augmented specification leaves all the results remarkably similar to baseline
estimates. This similarity reassures that our main results are unlikely to be biased
by potential correlation between income growth and unobserved determinants of
labor supply.
Table 3: Robustness Tests: Residual Endogeneity and Mean-Reversion
(1)

(2)

(3)

(4)

(5)

(6)

Outcome: Change in Yearly Hours Worked

Change in EITC Benefits ($ 1000s)

Change in Welfare Benefits ($ 1000s)
N

Controls for Prior (t-1) Income

Earnings (t-1)<$30,000

Earnings (t-1)<$20,000

110.24***

109.90***

117.27***

116.88***

117.47***

117.03***

(9.49)

(9.51)

(9.06)

(9.09)

(9.49)

(9.52)

-16.69***

-16.86***

-17.90***

-18.06***

-20.19***

-20.40***

(3.06)

(3.08)

(2.94)

(2.96)

(3.16)

(3.19)
7611

10959

10959

9456

9456

7611

Controls and State F.E.

Yes

Yes

Yes

Yes

Yes

Yes

Unemployment and Waiver Controls

No

Yes

No

Yes

No

Yes

The table replicates baseline estimates by augmenting the set of control variables with lagged earned and unearned income
and by restricting the sample to low-income mothers. The dependent variable is the year-on-year change in hours worked by
single mothers. Policy-induced changes in EITC and welfare benefits are expressed in thousands of 2015 US dollars. Details
on the construction of the variable for policy-induced changes in EITC and welfare benefits are provided in Section 3.1 and
Appendix E. Control variables include mother’s race, indicator variables for the number of dependent children, and year
fixed effects. Unemployment and waiver controls include controls for state unemployment level and indicator variables for
state welfare waivers. The specification in columns (1) and (2) also includes a set of controls for lagged labor income, lagged
business income, lagged farm income, and lagged nonlabor income. The sample in columns (3) and (4) is restricted to single
mothers with lagged earnings below $30,000 and $20,000, respectively. Standard errors are robust to heteroskedasticity and
reported in parentheses. *, **, *** indicate statistical significance at the 10%, 5%, and 1% levels, respectively.

As a second test, we analyze the possible threat of mean-reversion in hours
worked discussed in Gruber and Saez (2002). Transitory changes in hours worked
for relatively high-income mothers who are unexposed to the reforms can affect our estimates independently on any behavioral responses to the EITC and
welfare reforms. We address this potential concern by replicating our baseline
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analysis on the subsample of low-income mothers who are exposed to the policy
reforms. We first analyze the subsample of single mothers who earned at most
$30,000 in the previous year, a threshold that (roughly) identifies the EITC earning eligibility criterion in the period of analysis. We then use a more stringent
threshold of $20,000 as a robustness check.
Columns (3) through (6) in Table 3 show the results of this analysis limited to
low-income mothers. Despite a natural reduction in sample size, the estimated
marginal effects remain almost unchanged from the baseline analysis, meaning
that mean-reversion in labor supply is unlikely to affect our results.
3.3

Heterogeneity in Policy Exposure and Incentives

Our empirical strategy identifies the average marginal effects of EITC and welfare benefits on labor supply, allowing for how these benefits vary heterogeneously by individual. For instance, the same policy reform can cause a reduction
in benefits for certain individuals and a boost for others. In this case, the average
effect and the marginal effect can have very different policy recommendations:
A zero average effect could be caused by inelastic labor supply of individuals, or
alternatively, by individuals with highly elastic labor supply in the population
who face different incentives generated by the policy reforms.
This section investigates evidence of heterogeneous responses to changes in the
EITC and welfare programs. In Figure 2, we present the relationship between
family earnings, policy-induced changes in EITC and welfare benefits, and changes
in yearly hours worked by single mothers. Figure 2-a shows that policy-induced
changes in EITC benefits are large and positive for the poorest single mothers,
negative for mothers earning between $12,000 and $22,000, and zero for mothers
with still higher earnings. Negative changes in EITC benefits are a consequence
of the increase in marginal tax rates associated with the reformed EITC phaseout (higher negative slope) and the imputed (positive) trend in income. Many
mothers initially located in the phaseout lose their benefits as a result of income
growth. Second, the figure displays heterogeneous changes in labor supply in response to policy changes. The left tail of the earnings distribution has the largest
increase in hours worked, up to 300 additional hours per year. Mothers who are
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Figure 2: Distribution of Changes in Hours Worked, EITC and Welfare
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The figure shows the relation between policy-induced changes in EITC benefits or welfare
benefits, change in yearly hours worked by single mothers, and earnings at baseline (t − 1).
Panel (a) illustrates the analysis of policy-induced changes in EITC benefits. Panel (b) illustrates the analysis of policy-induced changes in welfare benefits. Policy-induced changes
in EITC and welfare benefits are expressed in thousands of 2015 US dollars. Details on the
construction of the variable for policy-induced changes in EITC and welfare benefits are
provided in Section 3.1 and Appendix E. Each panel depicts the binscatter of the nonparametric relation between the year-on-year change in hours worked by single mothers (left
y-axis and blue dots) and earnings at baseline and the relation between the policy-induced
change in EITC (Panel (a)) or welfare (Panel (b)) benefits (right y-axis and red diamonds)
and earnings at baseline.

located on the plateau or phase-out of the EITC schedule, with earnings between
$10,000 and $30,000, tend to reduce their hours worked as the EITC is expanded.
The number $10,000 is not coincidental: It is at or beyond the end of the phase-in
of the EITC schedule for single mothers with two children in every year that we
study. This result (i) sheds light on the behavioral responses of mothers to the
incentives created by the EITC and (ii) confirms the importance of accounting for
the heterogeneity of incentives that the EITC schedule creates.
We test for evidence of heterogeneous incentives caused by the EITC program by
replicating our analysis on two different subgroups of single mothers. The first
subgroup consists of mothers facing positive changes in EITC benefits (see Figure
2-a) because of their location at time t − 1 in the phase-in of the EITC schedule
(i.e. with earnings below $10,000). The second subgroup of mothers are those
located at the plateau or at the phase-out of the EITC program, with earnings in
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Table 4: Heterogeneous Responses to the EITC Expansion
(1)

(2)

(3)

(4)

Outcome: Change in Yearly Hours Worked
Phase-In
Earnings (t-1)<$10,000

Plateau or Phase-Out
Earnings (t-1)∈($10,000, $30,000)

91.68***

90.74***

130.10***

130.36***

(13.71)

(13.73)

(19.91)

(19.93)

4752

4752

4704

4704

Mean Change in Hours Worked

130.25

130.25

-84.05

-84.05

Mean Change in EITC Benefits ($ 1000s)

Change in EITC Benefits ($ 1000s)
N

1.095

1.095

-0.159

-0.159

Controls and State F.E.

Yes

Yes

Yes

Yes

Unemployment and Waiver Controls

No

Yes

No

Yes

The table replicates baseline estimates by splitting the sample between single mothers in the phase-in
of the EITC schedule and single mothers in the plateau or phase-out region of the schedule. The dependent variable is the year-on-year change in hours worked by single mothers. Policy-induced changes
in EITC are expressed in thousands of 2015 US dollars. Control variables include mother’s race, indicator variables for the number of dependent children, year fixed effects, and policy-induced changes
in welfare benefits (in 2015 US dollars). Details on the construction of the variable for policy-induced
changes in EITC and welfare benefits are provided in Section 3.1 and Appendix E. Unemployment and
waiver controls include controls for state unemployment level and indicator variables for state welfare
waivers. The sample in columns (1) and (2) is restricted to single mothers with lagged earnings below
$10,000. The sample in columns (3) and (4) is restricted to single mothers with lagged earnings below
$10,000 and $30,000. Standard errors are robust to heteroskedasticity and reported in parentheses. *, **,
*** indicate statistical significance at the 10%, 5%, and 1% levels, respectively.

period t − 1 between $10,000 and $30,000. These mothers instead either face a
stronger income effect (on the plateau) or a higher effective marginal tax rate (on
the phase-out), both of which provide incentives to reduce labor supply. These
mothers experience a decrease in the EITC, as shown in Figure 2-a.
This regression analysis reinforces the graphical evidence in Figure 2-a. Columns
(1) and (2) of Table 4 display a positive marginal effect for single mothers in the
phase-in of the program. Columns (3) and (4) of the table also provide evidence
of positive marginal responses for mothers in the plateau or phase-out of the
EITC schedule. These mothers, who are exposed to negative changes in their
EITC benefits, decrease their labor supply, which explains the positive coefficient
on changes in EITC benefits.
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Table 5 presents even more granular analysis of the same phenomenon. The table
displays the estimates from regressions of hours worked on interactions between
the mother’s initial period position (t − 1) in the EITC schedule and her EITC
benefit change for the sample of mothers initially receiving EITC benefits. The
table reveals that mothers initially located in the phase-in of the EITC receive an
average increase in benefits of about $1,300, and increase their labor supply, by
60-75 hours per $1,000 received. Mothers initially located in the phase-out of the
schedule see small reductions in benefits and reduce their labor supply, hence the
positive coefficient. The EITC does not cause a statistically significant change in
hours worked for mothers on the plateau.
The finding that mothers facing the high marginal tax rates of the EITC phaseout reduce their labor supply is a standard theoretical prediction in labor economics that has so far found scant empirical support in the literature (see Eissa
and Hoynes 2006). Meyer (2002) considers average aggregate changes in hours
worked between mothers with low and high education during the the 1986-2000
period and concludes that the EITC did not generate disincentive effects in hours
worked. He interprets his results as evidence of empirical deviations from standard labor theory. Our analysis provides different insights by showing that average effects hide vast heterogeneity in hours responses, with individuals in the
population facing simultaneous incentives and disincentives generated by the
EITC schedule. A standard theory of labor supply is consistent with these facts.
Heterogeneous responses to policy changes are also visible in Figure 2-b that
considers changes in welfare benefits.15 The figure shows a negative relationship between changes in hours worked and welfare benefits only among working
mothers with low income (below $10,000), suggesting that most of the identifying variation for the effect of welfare on hours comes from the poorest single
mothers, an observation consistent with welfare’s eligibility rules.
We conclude the section by examining compliance in the typical DiD design that
considers single mothers as the treatment group and single women as controls.
Figure 3 plots the distribution of policy-induced changes in EITC benefits due
15

Fang and Keane (2004), among others, highlight the existence of heterogeneous effects of
welfare by showing that about one-quarter of welfare leavers did not start working.
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Table 5: EITC Benefits and Hours Worked per Year by EITC Schedule Position
(1)

(2)

(3)

(4)

Outcome: Change in Yearly Hours Worked
EITC Phase-In × Change in EITC Benefits ($ 1000s)

74.82***

71.48***

70.96***

62.83***

(14.51)

(16.02)

(16.03)

(15.86)

32.09

45.49

43.37

41.63

(34.59)

(34.96)

(35.06)

(35.04)

140.99***

155.01***

154.56***

175.51***

(23.75)

(23.92)

(23.91)

(24.51)

7721

7721

7721

7721

Mean Change in Hours Worked (Phase-In)

172.74

172.74

172.74

172.74

Mean Change in EITC Benefits ($ 1000s, Phase-In)

1.353

1.353

1.353

1.353

Mean Change in Hours Worked (Plateau)

-108.37

-108.37

-108.37

-108.37

Mean Change in EITC Benefits ($ 1000s, Plateau)

-0.069

-0.069

-0.069

-0.069

Mean Change in Hours Worked (Phase-Out)

-104.06

-104.06

-104.06

-104.06

Mean Change in EITC Benefits ($ 1000s, Phase-Out)

-0.247

-0.247

-0.247

-0.247

Controls and State F.E.

No

Yes

Yes

Yes

Unemployment and Waiver Controls

No

No

Yes

Yes

Prior (t-1) Income

No

No

No

Yes

EITC Plateau × Change in EITC Benefits ($ 1000s)

EITC Phase-Out × Change in EITC Benefits ($ 1000s)
N

The table shows the causal effect of changes in policy-induced EITC benefits on the change in yearly
hours worked by single mothers, controlling for the initial period position (t − 1) in the EITC benefit
schedule. The dependent variable is the year-on-year change in hours worked by single mothers.
Control variables include mother’s race, indicator variables for the number of dependent children,
year fixed effects, and policy-induced changes in welfare benefits (in 2015 US dollars). Details on the
construction of the variable for policy-induced changes in EITC and welfare benefits are provided
in Section 3.1 and Appendix E. Unemployment and waiver controls include controls for state unemployment level and indicator variables for state welfare waivers. Standard errors are robust to
heteroskedasticity and reported in parentheses. *, **, *** indicate statistical significance at the 10%,
5%, and 1% levels, respectively.
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to changes in the program schedule for single mothers. More than one third of
single mothers in our sample are unaffected by expansions of the EITC.16 The
practice of assigning unexposed mothers to the treatment group confounds the
resulting estimate in much the same way that imperfect compliance in a randomized controlled trial (RCT) affects the interpretation of the RCT evaluation as ITT
instead of ATE. Appendix C confirms that imperfect compliance can affect the estimates of treatment effects of policy changes and, therefore, their interpretation.
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Figure 3: Distribution of EITC Benefit Changes for Single Mothers in the ASEC

−6

−5

−4

−3
−2
−1
0
1
2
3
Change in EITC Benefits (1000s of US $)

4

5

6

The figure shows the distribution of policy-induced changes in EITC benefits for single
mothers in the CPS-ASEC. Changes in EITC benefits are expressed in thousands of 2015
US dollars. Details on the construction of the variable for policy-induced changes in EITC
benefits are provided in Section 3.1 and Appendix E.

Altogether, the analyses in this section highlight the existence of (i) substantial population heterogeneity in both the level of EITC and welfare benefits; (ii)
heterogeneity in the labor supply responses to policy changes by different subgroups of the population, with new evidence that the income and substitution
effects associated with the plateau and phase-out of the EITC schedule cause disincentive effects on hours worked; and (iii), imperfect compliance with the EITC
expansion for the group of single mothers. The standard DiD/event study design
used in the literature, e.g. Eissa and Liebman (1996) and Meyer and Rosenbaum
(2001), reduces all this heterogeneity within the treatment variable to a single
16

Many single mothers are unexposed to changes in the EITC schedule because their earnings
are too high to be eligible. No labor supply response to the EITC expansion should be expected
for these mothers.
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margin, that of going from untreated to treated, eliminates the relationship between the intensity of treatment and the intensity of the labor supply response,
and aggregates heterogeneous effects into an average effect. These shortcomings
explain why the prior literature that uses DiD designs has found little evidence
of the EITC’s effect on hours worked.

4

A Static Model of Labor Supply with Social Programs

The previous section conducted an empirical analysis of the welfare-to-workfare
transition as it occurred in the mid-1990s. We now use a static structural labor
supply model to conduct counterfactual analysis of similar transitions in new
environments characterized by different labor market incentives. As simple linear regression models have limited ability to ex ante evaluate the behavioral responses of individuals facing a new set of incentives, we develop a model that
can guide policymakers who want to make predictions of the effects of proposed
reforms to social welfare programs. While there may be dynamic considerations
affecting the labor supply of single mothers, we are primarily interested in how
the effects of reforms to the EITC and welfare depend on the tax and transfer
regime.17 We view a static labor supply model that jointly models the tax system and social programs as an appropriate framework to conduct this analysis,
especially in light of how our earlier quas-experimental evaluation supports the
predictions of a static labor supply model.
In the model, single mothers have preferences over consumption, ci,t , and hours
worked, hi,t , given by
ui (ci,t , hi,t ) =

αi 1+ γ1
1 1− η1
c
−
h
.
1 − η1 i,t
1 + γ1 i,t

(7)

The parameter η > 0 captures the curvature of utility with respect to consumption, where a higher value indicates less concavity, while γ > 0 is the Frisch
elasticity of labor supply. It determines the elasticity of hours worked with respect to changes in wages, holding the marginal utility of consumption fixed. In
17

Daruich and Fernández (2020) show that transfers, in the form of Universal Basic Income,
have important intergenerational consequences in a general equilibrium framework.
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each period, t, single mothers decide how much to work by solving
max ui (ci,t , hi,t )

ci,t ,hi,t

subject to ci,t =ωi,t · hi,t − T axi,t (ωi,t · hi,t ) + EIT Ci,t (ωi,t · hi,t ) +
W elf are
SN APi,t (ωi,t · hi,t ) + Ti,t
(ωi,t · hi,t ) ,

hi,t ≥ 0 ,

ci,t ≥ 0 .

We allow for heterogeneity in the disutility of working, αi > 0, so that the
model can generate self-selection into employment and hours worked on the
basis of unobservables. We characterize the various tax and transfer programs
as part of the budget constraint. First, we model the three main programs that
provide financial assistance to low-income families: (i) the Earned Income Tax
Credit (EITC); (ii) Aid to Families with Dependent Children/Temporary Assistance for Needy Families (AFDC/TANF); and (iii) the Supplemental Nutritional
Assistance Program (SNAP). We use the benefit formulas for each of the three
programs to recover the correct level of benefits claimed by each household.
Second, we model the tax on labor income T axi,t (·) via a parametric function
that maps pre-tax labor income to after-tax labor income. This approach is relatively common in the public finance and labor literature (see for example Benabou 2002; Guner, Kaygusuz, and Ventura 2014; Blundell, Pistaferri, and SaportaEksten 2016; Heathcote, Storesletten, and Violante 2017; and Holter, Krueger, and
Stepanchuk 2019). It allows us to independently parameterize the level and the
progressivity of the tax system as follows:
ωi,t · hi,t − T axi,t (ωi,t · hi,t ) = θ0,s,t,k · (ωi,t · hi,t )1−θ1,s,t,k ,

(8)

where we allow the tax function to vary by state s, year t, and number of children
k. The parameters θ0,s,t,k ≥ 0 and θ1,s,t,k ∈ [0, 1] capture the take-home rate and
the progressivity of the tax on labor income, respectively. A higher value of θ0,s,t,k
implies a higher take-home rate (lower level of tax rates), while a higher value of
θ1,s,t,k implies greater progressivity.
In every period t, each individual receives a wage offer, ωi,t . The initial wage
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offer (ω0 ) is distributed according to a conditional log-normal distribution,
ln ω0 ∼ N (µω , σω |k) ,

(9)

which we allow to vary by the number of children. We also model the evolution
of the log-wage offer as a random walk:
with νi,t ∼ N (0, σν2 ) ,

ln ωi,t = ln ωi,t−1 + νi,t

(10)

where the innovation, νt , is assumed to be normally distributed among individuals with mean zero and standard deviation σν .

5

Estimation

We estimate the model via simulated method of moments (SMM). Denote the set
of moments we are trying to match by M and the set of model parameters by
Ω = {η, γ, {αi }i , µω , σω2 , σν2 }. Given a wage offer and a particular tax and transfer
regime, we simulate each individual’s optimal labor supply choice. We then use
the data created by these simulated choices to construct a set of moments, MS ,
analogous to the moments, M , observed in the data. We estimate the model
using the ASEC data from the pre-reform period (through 1993), while the 19951996 data from the transition period is used to validate the model. Our SMM
estimator is
b = arg min (M − MS (Ω))0 W (M − MS (Ω)) ,
Ω
(11)
Ω

where W is a positive semidefinite weighting matrix.18 In practice, we set the
weighting matrix equal to the inverse of the covariance matrix of the moments,
W = Σ−1
M , with ΣM determined by 100 bootstrap replications of the data set. We
target the following 17 moments in the data from 1988-1993 to recover 10 parameters: mean hours and employment at the aggregate level and by number of chil18

Two reasons drive the choice of simulated method of moments instead of a likelihood-based
method. First, the SMM approach overcomes the additional source of computational burden
which arises from the multi-dimensional integration problem associated with the maximumlikelihood estimator of this model. Second, we believe this method highlights more transparently
the identifying variation of our model, as it allows us to replicate the causal regression coefficients
of the effect of EITC and AFDC/TANF benefits on hours worked.
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Table 6: Estimates for Preferences Parameters

Preferences
Curvature of Consumption (η)

0.6716
[0.6703,0.6738]

Frisch elasticity (γ)

1.0319
[1.0236,1.0372]

Disutility of Hours Worked (α)

0.0722
[0.0705,0.0774]

Additional Disutility of Hours Worked with One Child (%α)

-0.0048
[-0.0066,-0.0036]

Additional Disutility of Hours Worked with Three Children (%α)

0.0160
[-0.0010,0.0169]

The table shows the estimated preferences parameters; see Equations (7) and (12). The
95 percent confidence intervals in brackets are calculated via 100 bootstrap repetitions.
The point estimates are the averages among the bootstrap repetitions.

dren, the mean and standard deviation of accepted wages, the autocovariance of
log wages at the aggregate level and by number of children, and the causal effects
of EITC and welfare on hours worked.19
We model the disutility parameter according to the equation
α i = α k + α · υi ,

(12)

which allows the disutility of labor to vary with the number of children, k. υi ∼
unif {0.1, 2.5} is a discrete uniform random variable taking six equally-spaced
values between 0.1 and 2.5. This parsimonious approach fits the data well by
allowing αi to take on 18 possible values with only four underlying parameters.
5.1

Parameter Estimates

Preferences. Table 6 shows the estimates for the preference parameters. We estimate a relatively high curvature for the utility over consumption (η = 0.67) and
19

We target the regression coefficients from the specification in column (1) of Table 3 in a sample comprising only the years prior to the 1993 reform.
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Table 7: Estimates for Wage Process

Wage Process
Mean (One Child, µω,1 )

2.5591
[2.5412,2.5874]

Additional Mean with Two Children (µω,k=2 )

-0.0381
[-0.0744,-0.0333]

Additional Mean with Three Children (µω,k=3 )

-0.2601
[-0.3214,-0.2311]

Initial Standard Deviation (σω )

0.5815
[0.5659,0.5917]

Standard Deviation of Innovation (σν )

0.0183
[0.0123,0.0392]

The table shows the estimated wage process parameters; see Equations (9) and (10). The 95 percent confidence intervals in brackets
are calculated via 100 bootstrap repetitions. The point estimates are
the averages among the bootstrap repetitions.

a Frisch elasticity of one (γ = 1.03), which is consistent with the previous findings in the literature of a high elasticity of labor supply among single mothers
(Attanasio et al. 2018, Blundell et al. 2016, Keane and Rogerson 2012, and Keane
and Rogerson 2015).20
The disutility of hours worked is heterogeneous around a point estimate of α =
0.072. This translates to a mean value for mothers with two children of 0.09, with
the range of values that goes from 0.007 to 0.181.21 The mean disutility of hours
worked is 0.48 percent lower for mothers with one child and 1.6 percent higher
for mothers with three children or more.
Wage Process. Table 7 presents estimates for the preference parameters. We find
that the mean log-wage offer is µω,k=1 = 2.56 for mothers with one child. The
average log-wage offer decreases monotonically with the number of children.
Mothers with two children receive wage offers that are on average 0.04 log-points
20

The estimate of η would be equivalent to a coefficient of relative risk aversion of approximately 1.5, although we do not have any source of risk in our framework.
21
Given our assumption that υ ∼ unif {0.1, 2.5} and the point estimate of α = 0.072, we get
E[αi ] = α · 0.1+2.5
= 0.09, while the minimum and maximum values are α · 0.01 = 0.007 and
2
α · 2.5 = 0.181.
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lower. The average wage offer is 0.26 log-points lower for mothers with three
children or more.
Finally, we estimate a fairly large dispersion for the the unobserved heterogeneity
in the initial wage offer, with a standard deviation of σω = 0.582. To put this value
in perspective, the estimated standard deviation is more than twice the difference
in mean log-wage offers between mothers with one child and mothers with three
children or more. Blundell, Pistaferri, and Saporta-Eksten (2018) find a standard
deviation of 0.533, although the authors focus on women in intact families in the
Panel Study of Income Dynamics (PSID). Moreover, we find a small role of the
stochastic innovation in determining the evolution of the wage offers, with an
estimated standard deviation of σν = 0.018.
5.2

In-sample Fit

Tables D-8 and D-9 in Appendix D suggest that the model is successful in replicating the targeted moments. In each table we report both the data moments, M ,
as well as the simulated moments, MS , calculated at the model solution.
Table D-8 reports three panels. Table D-8-a shows that the model replicates the
mean number of hours worked as well as the negative gradient in hours worked
per child during the years 1988-1993. Table D-8-b shows that the model also
replicates the aggregate employment rate (about 0.76) and the negative gradient
of employment with respect to the number of children. Mothers with one child
are the most likely to work, with an employment rate of 0.84, but employment
rates drop to 0.77 and 0.61 for mothers with two and three or more children,
respectively. Table D-8-c shows the in-sample fit for accepted wages, an endogenous object in the model. The model successfully replicates the first and second
moments of the accepted wage distribution, although the persistence of accepted
log-wages is higher in the model than the data.
Table D-9 shows the model fit for the causal regression coefficients of the effects
of EITC and welfare on hours worked. The model replicates the positive effect
of EITC benefits on hours worked, as well as the negative effect of welfare. During the 1988-1993 period, a $1,000 increase in EITC benefits causes an average
increase of about 175 hours worked per year, while the same increase in welfare
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benefits causes an average reduction of 12 hours per year. Although the model
slightly overstates the marginal effect of EITC on hours, the difference is not statistically significant.
5.3

Out-of-sample Predictions

Before examining the model’s out-of-sample fit, we must take a stand on the
wage offer equation in 1995-1996, a task complicated by the fact that we only observe the distribution of accepted wages in the data. We deal with this challenge
by adding two features to the model: a new set of parameters for the wage offer
model characterized by (9) and (10) and a utility cost of working, χi . The utility
cost of working modifies preferences as follows:
ui (ci,t , hi,t ) =

1 1− η1
αi 1+ γ1
c
−
h
+ χi 1(hi,t > 0) .
i,t
1 − η1
1 + γ1 i,t

χi follows the same distribution of the disutility of working (αi ): χi = χ·υi , where
χ is a free scale parameter. This specification allows for a “cohort-specific” cost of
working and can capture heterogeneity in the unobserved cost of working that is
unrelated to hours and not reflected in wages.22
We calibrate χ and the new wage offer model by only matching moments of the
accepted wage distribution in 1995-1996.23 The rest of the preference parameters
remain at their estimated values presented in Table 6. This approach lets us test
if the preferences we estimate using data prior to 1994 can replicate labor supply
statistics that we do not directly target in 1995-1996.
We find that the model predicts increases in both hours worked and employment
22

Because the extensive margin decision is an endogenous choice in the model, we want to
avoid estimating the wage offer equation outside the model via some parametric reduced-form
models that could be inconsistent with our structural model. An alternative estimation strategy
would pool together data from the pre-reform and transition periods and estimate the model by
allowing the wage offer parameters and the cost of working to vary by time period. We prefer
our estimation strategy as it allows us to use moments from the 1995-1996 data to test the model.
23
We validate the model using data through 1996, as time limits on the receipt of welfare benefits began taking effect in 1997. We do not model, nor do we observe in the data, an individual’s
total lifetime benefits, so the model should not be expected to match labor supply once these restrictions take effect. We describe the time limits in detail in Appendix A and list the dates they
first take effect in each state in Appendix F.
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that are consistent with the data. Figures D-1 and D-2 in Appendix D depict the
model’s out-of-sample fit. The rise in labor supply appears both at the aggregate
level (Panel (a) of Figures D-1 and D-2) and by number of children (Panels (b) (d)).

6

Counterfactual Analysis

We use the estimated model to analyze three counterfactual reforms. First, we
examine the effect of the 1990s reforms to the EITC and welfare in isolation, so
that we can disentangle each program’s effect on labor supply. Then we consider
two new policies: a large expansion of the EITC in 1996 and the replacement
of either the EITC or welfare with Universal Basic Income. We show that the
response of labor supply to the proposed policies varies considerably with the
progressivity of the tax code.
6.1

EITC and Welfare Reform Decomposition

Our first counterfactual exercise consists of several scenarios. The first keeps
all tax and transfer programs at their 1996 level with the exception of the EITC,
whose benefits are artificially held at their level in 1993. The second scenario
repeats the exercise for welfare by combining AFDC’s policies from 1993 with the
1996 tax and transfer system. The third scenario keeps both EITC and welfare at
their 1993 policy rules, while leaving the rest of tax system at its 1996 level.
Figure 4 presents the results of this exercise. We find that in the absence of reforms to either the EITC or welfare, both employment and hours worked would
have been lower. Employment for single mothers would have been 7.5 percentage points lower if the EITC were not expanded as it was, or 5.5 percentage points
lower if AFDC were not reformed as it was. Hours worked would have dropped
by 20, respectively 48, hours per year if either the EITC were not expanded or
welfare not reformed as they were through 1996.
The two reforms combined to reduce the 1996 employment rate by 12 percentage
points and mean yearly hours worked by 73 hours for single mothers. This is an
interesting result as the model suggests that the counterfactual level of employment and hours would have decreased after 1993 due to rises in SNAP benefits
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Figure 4: Policy Contributions in 1996 of Pre-1993 EITC and Welfare Policies
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The figure shows the counterfactual level of employment (Panel (a)) and hours worked
(Panel (b)) for single mothers in 1996 if counterfactually either the EITC or welfare were
held at the 1993 regime, while keeping the rest of the other tax and transfer programs at
their 1996 levels. The analysis is performed on the whole sample of single mothers, as well
as by number of children.

and changes in wage offers and preferences for working. This finding is consistent with the fact that, through 1993, both employment and hours were trending
downward for single mothers, and the model suggests that these would have
kept falling without the reforms.
6.2

The Interaction of Social Programs and the Tax Code

Our remaining counterfactual exercises demonstrate how the exact same reform
can generate different effects on labor supply depending on the tax regime and
method of financing the reform. Denote a specific social program by a vector of
parameters, Υj , that fully characterize the program, and denote the entire tax and
transfer system by a set of social programs: Υ = {Υ1 , . . . , ΥJ }. We show that the
labor supply response to a single program, Υj , can depend on the other taxes and
transfers already in place, Υ−j .

0
We evaluate a reform to program j Υj 6= Υj using a standard potential outcomes framework, where for each individual i we define the pair of potential out
0
comes, Yi (Υj , Υ−j ), Yi (Υj , Υ−j ) . We then examine the reform’s average treat-
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ment effect (ATE):
i
h
0
AT Ej (Υ−j ) = E Yi (Υj , Υ−j ) − Yi (Υj , Υ−j ) .

(13)

We use our estimated model to simulate changes in the policy regime Υj and

0
observe the entire distribution of potential outcomes, Yi (Υj , Υ−j ), Yi (Υj , Υ−j ) i ,
for a fixed parameterization of the tax code (θ0,s,t,k and θ1,s,t,k in Equation (8)).
Figure 5: Simulated ATE by Different Tax Regimes
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The figure shows the ATE (blue dots) of an EITC reform on the probability of employment
as a function of the level (Panel (a)) and the progressivity (Panel (b)) of the tax regime. The
simulated EITC reform includes an expansion of the federal exhaustion point of the EITC
schedule of $5,000, as well as an increase of the maximum federal credits of $2,000.

We first examine the response of the extensive margin to an expansion of the
EITC that increases maximum benefits by $2,000 and the federal income limit
by $5,000 in 1996, while simultaneously varying the tax on labor income. This
expansion resembles the 1993 EITC reform in terms of changes in benefits and
income limits. Figure 5-a shows how the ATE of the reform depends on the takehome rate, θ0 . The x-axis is defined relative to the original 1996 take-home rate,
which means that a level of 1.1 is a take-home rate that is ten percent higher than
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baseline.24 ATEs are higher when take-home rates are lower (tax rates are higher).
For example, the ATE on employment goes from 7 to 2.5 percentage points if we
vary the take-home rate from 0.8 to 1.2 times the baseline 1996 level. This result
is sensible as the marginal benefit of a tax credit like the EITC depends on the tax
rate, with workers facing an extensive margin decision benefiting more from the
credits when income taxes are higher.
Figure 5-b shows a similar pattern for the progressivity of the tax system, determined by θ1 : The ATE is higher when individuals face steeper marginal tax
rates as their income rises (θ1 increases). These results suggest that the estimated
ATE of the EITC on employment is not invariant to changes in taxes. Despite this
fact, a large body of the empirical public economics literature (e.g. Saez 2002 and
Eissa, Kleven, and Kreiner 2008) aims to recover the average extensive margin
elasticity for the population of interest. Figure 6 demonstrates that this elasticity
varies widely according to the tax system, for the same set of structural parameters. Each dot represents the average percentage change in the probability of being employed induced by a one percent change in the take-home rate. First, the
graph shows that the simulated aggregate elasticities from the estimated model
are smaller than the estimated structural Frisch elasticity. This result is similar
in spirit to the result in Rogerson and Wallenius (2009), where the authors show
that in a life cycle model of labor supply with intensive and extensive margin,
micro and macro elasticities are effectively unrelated. Second, the wide variation
in estimated elasticities is caused by changes in the composition of individuals at
the margin of employment as the tax code changes.25
Our final counterfactual exercise examines the effects of Universal Basic Income
on the labor supply of single mothers. UBI has recently gained traction in policy
circles as a result of the dislocations created by rapid technological development
and COVID-19. We replace either the EITC or welfare with a UBI program that
24

Tax rates are heterogeneous by state and number of children. We proportionally change the
various tax rates by the same factor (x-axis).
25
Similarly, Attanasio et al. (2018) find that the aggregate elasticity is not a structural parameter, as it varies over the the business cycle because of the heterogeneity of marginal individuals
in different aggregate states of the economy. Moreover, Moffitt (2019) finds that the marginal
treatment effects of welfare reforms on labor supply change over time because of the preference
heterogeneity of the marginal individual.
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Figure 6: Simulated Extensive Margin Elasticity by Different Tax Regimes
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The figure shows how the estimated aggregate extensive margin elasticity to taxes varies by
the level of the tax rates. Each elasticity (blue dot) is the percentage change in the aggregate
employment rates caused by a small ( 0.01
θ0 ) change in the tax rates.
Table 8: Simulated Effects of UBI by Different Ways of Financing the Program
(1)

(2)

Different Ways of Financing UBI:

ATE on Employment
ATE on Hours

UBI replaces
AFDC/TANF

UBI replaces
EITC

0.13
96.65

-0.24
-226.03

The table shows the average response of employment and hours
worked in the population (ATE) to a reform that substitutes UBI for
welfare (Column 1) or EITC (Column 2).

targets the population of single mothers in a budget-neutral way.26 Table 8 shows
the effect of UBI on employment and hours worked. Contrary to common wisdom, UBI can generate positive or negative effects on labor supply depending
26

Kearney and Mogstad (2019) provide a review of the UBI proposals and highlight that they
risk increasing inequality and being expensive and inefficient. We adopt a concept of UBI that
resembles the one in Hoynes and Rothstein (2019), namely that the cash transfer is universally
provided to the whole population of single mothers but, due to the budget neutral criterion to finance it, it is not sufficiently generous to allow recipients to live on it without additional earnings.
On the latter aspect, our definition is similar to the one in Banerjee, Niehaus, and Suri (2019).
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Figure 7: Heterogeneous Effects of UBI on Hours Worked by Financing Options
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The figure shows the response of hours worked in the population to a welfare reform that
substitutes UBI for TANF (Panel (a)) or EITC (Panel (b)). Each dot represents the ATE by
labor income percentile at baseline. The dashed line represents the ATE in the population.

on the program it replaces. If UBI completely replaces the EITC, employment
and hours worked would fall by 24 percentage points and 226 hours per year,
respectively. While these results are large, the considered reform is also massive,
pooling all of the EITC money received by single mothers in 1996 and redistributing it in (approximately) $3,000 checks to each individual. If UBI instead replaces
welfare, the effect on hours and employment is positive. Given our empirical
analysis, this finding is hardly surprising: The reform removes a disincentive to
enter the labor force by eliminating benefits targeting people who do not work
and equalizes the cash transfer to everybody regardless of employment status.
Figure 7 shows that the responses of hours worked to the UBI reform are heterogeneous and nonmonotone. When UBI replaces welfare, shown in Figure 7-a,
there are strong positive effects on labor supply for individuals at the lowest
quintile of the income distribution, those who directly lose access to welfare benefits. The rest of the population reduces labor supply as a consequence of the
unconditional transfer. On the other hand, when UBI replaces the EITC, we find
opposing intensive margin effects depending on whether the individual was ei42

ther at the phase-in or at the phase-out of the EITC schedule. Individuals at the
phase-in lose the negative marginal tax rates on earnings, causing a reduction in
hours worked, while individuals at the phase-out experience the opposite. These
two forces explain the nonmonotonic effects in Figure 7-b.

7

Conclusion

The goal of evidence-based policymaking is to learn from past reforms to predict
the effects of future policy regime changes. In this paper we provide a unified
quasi-experimental and structural analysis of the welfare-to-workfare transition
in the US during the 1990s. We show that the oft-used DiD design is not an
appropriate tool for policy analysis of reforms of pre-existing social programs
with continuous levels of treatment. We argue that it obscures evidence that single mothers are highly responsive to the incentives generated by these reforms.
We propose a different approach that can identify the marginal responses of labor supply to social program benefits. Our empirical analysis finds significant
marginal responses of the labor supply of single mothers to both the EITC and
welfare reforms of the 1990s, with new evidence of intensive margin responses
that are consistent with theoretical predictions of substitution and income effects
created by the benefit schedules of the EITC.
We use our estimated causal evaluation of EITC and welfare reforms to identify a
model of labor supply with heterogeneous exposure to multiple tax and transfer
programs. The estimated model shows that the effect of an additional EITC expansion on employment depends heavily on the level and progressivity of labor
income taxes. This result suggests that the evaluation of past EITC reforms does
not speak for itself about the effects of future EITC expansions. The evolution
of the tax code over time affects the choices made by individuals, which in turn
determine the aggregate labor supply response. For this reason, empirical analysis that does not carefully model the incentives faced by individuals provides
limited guidance to policymakers considering new reforms.
The recent COVID-induced recession has made clear that the labor supply response of single mothers to public policy remains one of the most pressing issues
in economics. Works such as Alon et al. (2020) and Alon et al. (2021) show that the
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recession following the onset of the COVID-19 pandemic has disproportionally
affected female employment. Bick and Blandin (2020) highlight that women’s average hours worked declined by 27 percent relative to a 20 percent reduction for
men. The recession has shown that women, and especially single mothers, are
one of the United States’ most vulnerable populations. As the pandemic and the
resulting interruptions to schools and childcare recede, our project shows that
policymakers can leverage existing social programs to mitigate the recession’s
impact on employment and hours worked among single mothers.
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Appendices
A

Institutional Background: The Welfare-to-Workfare Transition

The Earned Income Tax Credit (EITC) is one of the largest income support programs in the United States. Enacted in 1975 to provide a modest supplement to
the income of working families, it has been expanded significantly by the federal
government in several rounds, most notably in 1986, 1993, and 2009. While the
EITC expanded in each year during the period we study, 1988-2002, Figure A-1
shows that the largest year-to-year expansions of the program occurred in precisely those years, 1993-1996, that we define to be the welfare-to-workfare transition. In the 2000s, many states also implemented and expanded their own EITC
programs. Throughout the paper, we calculate an individual’s EITC benefits to
be the sum of federal and state EITC credits.
Figure A-1: EITC Schedule: Selected Years

The figure shows the relationship between earned income and the federal Earned Income
Tax Credit in selected years. Amounts are expressed in nominal US dollars.
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Unlike the EITC, welfare has historically provided benefits to mothers who do
not work. In response to growing concerns that welfare’s incentives were contributing to high unemployment and out-of-wedlock births, many states implemented reforms between 1992 and 1996. These so-called welfare waiver reforms
contained a mix of punishments and incentives to get mothers off of the welfare rolls and into employment. They had five main characteristics: time limits,
changes in exemptions from program requirements, sanctions for recipients who
violated program requirements, family caps, and earnings disregards.
While Aid For Families with Dependent Children (AFDC) did not impose limits
on how long beneficiaries could receive welfare, many of the welfare waivers
restricted the receipt of benefits to specific periods of time, such as 24 out of
every 48 months. There were three types of time limits. “Termination” time limits
resulted in the loss of benefits after the limit had been reached, while “reduction”
time limits caused a reduction in benefits, and “work requirement” limits did
not cut off aid so long as the beneficiaries complied with state-stipulated work
requirements. These time limits were not retroactive. As a result, very few people
were kicked off the welfare rolls before 1997.
AFDC required states to run education and jobs training programs (JOBS) for
welfare recipients, and participation in JOBS (or similar activities such as secondary education and job search) was mandatory for nonexempt individuals.
Federal policy exempted recipients if their youngest child was under the age of
3, but many state waivers lowered the age exemption and imposed sanctions on
individuals who violated this requirement. In the most severe cases, repeated
violations could result in the lifetime termination of benefits.
While AFDC stipulated that benefits increase with the number of children, several states instituted family caps that froze benefit levels if a recipient had a child
while currently receiving welfare.
Lastly, under AFDC, welfare recipients faced a 100 percent marginal tax rate:
Benefits were reduced one-to-one with each dollar earned through employment.
Many state waivers countered this disincentive to work in two ways. Earnings
dollar disregards allowed recipients to earn a fixed amount of money before the
benefits were reduced, while earnings rate disregards reduced the marginal tax
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rate on remaining earnings to below 100 percent. Many states implemented both
dollar and rate disregards simultaneously. Michigan, for example, disregarded
the first $200 of monthly income and lowered the marginal tax rate to 80 percent
on the remaining income. Unlike the previous four characteristics of the waivers,
disregards represent the use of carrots, rather than sticks, to provide incentives
for welfare recipients to participate in the labor market.
Figure A-2 displays welfare’s schedule of benefits for a mother with two children
and no nonlabor income in four large states: California, Florida, New York, and
Texas. Earnings dollar disregards introduce kinks in the schedule, while earnings
rate disregards reduce the magnitude of the slope.
Figure A-2: Welfare Functions by State and Year

The first states to implement the welfare waivers—New Jersey, California, and
Michigan—did so in 1992. However, the majority—23 of 30 statewide reforms—
were implemented between 1994 and 1996, precisely when the EITC experienced
the most dramatic expansions.
The welfare waivers culminated in the passage by Congress of the Personal Work
Opportunity and Reconciliation Act of 1996 (PRWORA). PRWORA replaced AFDC
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with TANF. Under TANF, each state received a block grant and was given substantial leeway in designing its TANF program. All five of the main characteristics of the statewide waivers found their way into PRWORA. States were no
longer required to provide more benefits to larger families, and family caps were
implemented in many states. A federal lifetime limit of five years on the receipt
of benefits was instituted, although many states imposed more stringent limits.
Earned income disregards became the rule rather than the exception, and many
states adopted graduated sanctions, some of which could ultimately result in the
lifetime loss of benefits. Many of the states that implemented waiver reforms
retained these policies as part of their TANF programs. Others made modifications.
Parceling out the effects of each of the five types of welfare waiver reforms on
labor supply is a difficult task and one that we do not pursue in this paper. However, it at least seems likely that the effects of the welfare waiver reforms on labor supply between 1994 and 1996 stressed in Kleven (2020) were not caused by
lifetime limits. The welfare waivers imposed lifetime limits on benefits that were
not retroactive, meaning that few people were kicked off the welfare rolls prior to
1997 (see Appendix F and US Department of Health and Human Services (1997)).
The disregards took effect earlier and could account for increased labor supply
during this period. However, in reducing the effective tax on earned income,
they made welfare operate more like the EITC in its use of financial incentives
designed to draw beneficiaries into the labor force.
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B

Proofs and Special Cases of DiD Estimand

Proof of Proposition 1.
We consider a two-period model and define an indicator variable D0,0 that equals
1 if an individual receives no subsidy in either period and 0 otherwise. The variable denoting treatment is then given by T reat = 1 − D0,0 . We define the following terms: for j = 1, . . . , J, pj,t ≡ P(Dj,t = 1), pj,t−1 ≡ P(Dj,t−1 = 1), and
p0,0 ≡ P(D0,0 = 1). Note that 1 − p0,0 = pT reat .
The DiD estimand is
β3DiD =

cov(Yt − Yt−1 , T reat)
.
var(T reat)

(B-1)

The denominator in B-1 is equal to p0,0 (1 − p0,0 ). The numerator can be written as
cov(Yt − Yt−1 , T reat) = cov(Yt − Yt−1 , 1 − D0,0 )
= cov(Y0,t − Y0,t−1 , 1 − D0,0 )
+ cov(

J
X

Dj,t (Yj,t − Y0,t ), 1 − D0,0 )

j=1

− cov(

J
X

Dj,t−1 (Yj,t−1 − Y0,t−1 ), 1 − D0,0 ) ,

(B-2)

j=1

The first expression in B-2 is zero because of the parallel trend assumption. The
second term can be simplified as follows:
J
J
X
X
cov(
Dj,t (Yj,t − Y0,t ), 1 − D0,0 ) = −
cov(Dj,t (Yj,t − Y0,0 ), D0,0 ) ,
j=1

j=1

where
cov(Dj,t (Yj,t − Y0,t ), D0,0 ) = E[Dj,t (Yj,t − Y0,t )D0,0 ] − E[Dj,t (Yj,t − Y0,t )]E[D0,0 ]
= −E[Yj,t − Y0,t |Dj,t = 1]pj,t p0,0 .
The second equality follows from the first because E[Dj,t (Yj,t − Y0,t )D0,0 ] = 0 for
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all j ≥ 1.
The third term in B-2 similarly simplifies to
J
X

cov(Dj,t−1 (Yj,t−1 − Y0,t−1 ), D0,0 ) = −

j=1

J
X

E[Yj,t−1 − Y0,t−1 |Dj,t−1 = 1]pj,t−1 p0,0 .

j=1

Combining all the terms in the numerator with the denominator yields
β3DiD

J
X
1
T
(pj,t ∆Tj,tT − pj,t−1 ∆Tj,t−1
).
=
1 − p0,0 j=1

(B-3)

Proof of Proposition 2.
In the following DiD model including time-varying waivers,
Yi,t =β0 + β1 P ostt + β2 T reati + β3 P ostt × T reati +
β4 Wi,t + β5 Wi,t × P ostt + β6 Wi,t × T reati + β7 Wi,t × P ostt × T reati + εi,t ,
(B-4)
β3 can be consistently estimated by a DiD design that conditions on the subsample with Wi,t = 0. Following the results in proposition 1,
β3DiD

J
X
1
=0 T T,W =0
=0 T T,W =0
=
(pW
− pW
),
j,t ∆j,t
j,t−1 ∆j,t−1
W =0
1 − p0,t j=1

(B-5)

=0
=0
=0
where pW
= P(Dj,t = 1|Wi,t = 0), ∆W
= E(Yj,t −Y0,t |Wi,t = 0), pW
j,t
j,t
j,t−1 P(Dj,t−1 =
=0
1|Wi,t = 0), and ∆W
j,t−1 = E(Yj,t−1 − Y0,t−1 |Wi,t = 0) for j = 1, . . . , J.

Imperfect DiD Interpretation with Additional Restrictions. In the case in which
potential outcomes are time-invariant, Yj,t = Yj,t−1 = Yj for j = 1, . . . , J, we can
simplify Yt − Yt−1 as follows
Yt − Yt−1 =

J X
X

Dh,t Dj,t−1 (Yj − Yh ) .

j=1 h6=j
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The DiD estimand can then be rewritten as
cov(Yt − Yt−1 , 1 − D0,0 )
var(1 − D0,0 )
PJ P
cov( j=1 h6=j Dh,t Dj,t−1 (Yj − Yh ), 1 − D0,0 )
=
pT reat (1 − pT reat )
J
1 XX
=
φj,h E[Yj − Yh |Dj,t = 1, Dh,t−1 = 1] ,
pT reat j=1 h6=j

β3DiD =

where pT reat = P(T reat = 1), and φj,h = P(Dj,t = 1, Dh,t−1 = 1) for j, h = 1, . . . , J.
Imperfect compliance. Suppose that only a subsample of individuals in the treatment group receive any treatment. This is the setting where single motherhood—
rather than actual benefit receipt—is defined as the treatment indicator. We define treatment indicators Djτ , for every EITC benefit j ∈ {0, 1, . . . J} of treated
individuals and retain D0,t ∈ {0, 1} to denote membership in the control group.
The treatment indicators are mutually exclusive and collectively exhaustive for
P
τ
= 1. We can write the observed outcome as
each period t so that D0,t + Jj=0 Dj,t
a function of treatment assignments and potential outcomes:
Yt = Y0,t +

J
X

τ
τ
Dj,t
(Yj,t
− Y0,t ).

(B-6)

j=0

Proposition 3. Suppose Assumption 1 holds. Then, the DiD estimand in this case is
equal to:
β3DiD =

1
pT reat

J
X
T,τ
(pτj,t ∆Tj,tT,τ − pτj,t−1 ∆Tj,t−1
),

(B-7)

j=0

τ
τ
τ
where pT reat = P(T reat = 1), pτj,t = P(Dj,t
= 1), and ∆Tj,tT,τ = E[Yj,t
− Y0,t |Dj,t
= 1]
for j ∈ J .

Proof. Analogous to proof of Proposition 1.
Proposition 3 is similar to Proposition 1 in that it highlights that the DiD estimand fails to identify any of the causal parameters of interest without additional
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restrictions. However, the implications differ if the policy regime did not exist prior to the reform. With imperfect compliance and no pre-existing policy
regime, the DiD estimand still does not identify ATT unless one makes the additional assumption that the behavior of the treatment group and the control
τ
group are identical in the case of no EITC benefits, Y0,t = Y0,t
. When analyzing
the EITC, this means that single mothers and single women without children are
assumed to have the same counterfactual outcomes without any tax credits. This
restriction is much stronger than Assumption 1 and unlikely to be satisfied, as
the literature on female labor supply has documented large differences in labor
supply between women and mothers.
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C

Reconciling Previous Literature with Our Results

In this section, we analyze how estimates of labor suppply responses are affected
by a DiD/event study design that neglects heterogeneity in social programs benefits and considers all single mothers as “treated” and all single women as “controls.” To this aim, we replicate the research design in Kleven (2020) and test
whether it is robust to the exclusion of single mothers who received no benefits
from the treatment group. If the labor supply of single mothers were unaffected
by the EITC expansion, the event study would be robust to this exclusion. To
perform the event study, we have augmented the sample by including single
women without children, a group that was not part of our empirical analysis in
Section 3.2. Single women without children form the control group since, prior
to 1993, the presence of at least one dependent child was a requirement for EITC
eligibility.
Figure C-1 displays event studies of the 1993 EITC expansion. The results are
obtained by regressing each outcome on the interactions between the indicator
variable for treatment and indicator variables for each year, after controlling for
state waivers and unemployment levels. The only difference between the analysis here and that in Kleven (2020) is our use of the ASEC instead of the full CPS.
Figure C-1-a shows that in the post-reform period, the treatment effect of being a
single mother is positive (135 additional hours per year) and statistically significant at the ten percent level in 1995 and at the five percent level in 1996. Figure
C-1-b replicates the analysis on the extensive margin done in Kleven’s work and
produces point estimates similar to those in his study, but with larger standard
errors due to the smaller sample size. The figure provides the same qualitative
conclusions as the analysis of hours worked, but the point estimates are noisy,
and we cannot reject the hypothesis that the 1993 EITC reform had no impact on
the extensive margin.
Figures C-1-c and C-1-d replicate the above analysis on a sample that excludes
single mothers with no change in EITC benefits according to the variable plotted
in Figure 3. Already in 1995, single mothers display a large and statistically significant increase of about 200 yearly hours worked relative to the control group.
Results are similar for employment, with a statistically significant six percentage
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Figure C-1: Event Study Analysis of the 1993 EITC Reform
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(a) Hours: Baseline Analysis
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(c) Hours: “As Treated” Analysis
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(d) Employment: “As Treated” Analysis

The figure compares two event study analyses of the effect of the 1993 EITC reform on
yearly hours worked (Panels (a) and (c)) and employment (Panels (b) and (d)). In Panels (a) and (b), the treatment group is comprised of single mothers and the control group
is comprised of single women without children. The specifications in Panels (c) and (d)
exclude single mothers who were unexposed to changes in EITC benefits caused by the
1993 EITC reform. Details on the definition of the group of single mothers unexposed to
policy-induced changes in EITC benefits are provided in Section 3.3. Yearly hours worked
(in Panels (a) and (c)) and an indicator variable for employment status (in Panels (b) and
(d)) are regressed on a set of interaction terms of the indicator variable for the treatment
group and indicator variables for each year in the period 1988-2000. The event study specification in each panel also contains control variables for the number of dependent children
(indicators), state fixed effects, state unemployment level and state welfare waivers (indicator). The year of the reform’s passage, 1993, is the reference year for the analysis. The
red vertical line separates the pre-reform (1993 and earlier) period from the post-reform period. Each panel shows the point estimates for the treatment effect of the reform together
with the 90 and 95 percent confidence intervals based on standard errors clustered at the
individual level.
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point increase in the probability of being employed for exposed single mothers
relative to single women, representing an eight percent change in employment
probability relative to the pre-reform mean. The pre-trends have not changed
qualitatively relative to our baseline analysis in Figures C-1-a and C-1-b. The
analysis displays similar results if single mothers unaffected by the policy reform, e.g. with earnings above the EITC threshold, were assigned to the control
group. As a further test, Figure C-2 replicates the analysis on the subsample of
single mothers and single women without children reporting labor income below the EITC eligibility threshold of $30,000. The analysis displays the absence
of differential trends through 1993 by treatment status and sizable positive treatment effects in the post-reform period for both hours worked (Figure C-2-a) and
employment status (Figure C-2-b).
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Figure C-2: Event Study Analysis of the 1993 EITC Reform
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(a) Hours: Low-Income Subgroup
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The figure shows the event study analysis of the effect of the 1993 EITC reform on yearly
hours worked (Panel (a)) and employment (Panel (b)) of single mothers. The analysis is run
on the subsample of single mothers and single women without children with labor income
below $30,000 (EITC eligibility threshold). The treatment group is made of single mothers and the control group is made of single women without children. Yearly hours worked
(Panel (a)) and an indicator variable for employment status (Panel (b)) are regressed on a set
of interaction terms between the indicator variable for the treatment group (single mothers)
and indicator variables for each year in the period 1988-2000. The event study specification
in each panel also contains control variables for the number of dependent children (indicators), state fixed effects, state unemployment level and state welfare waivers (indicator).
The year of the reform, 1993, is the reference year for the analysis. The red horizontal line
separates the pre-reform (pre-1993) period from the post-reform period. Each panel shows
the point estimates for the treatment effect of the reform together with the 90 and 95 percent
confidence intervals based on standard errors clustered at the individual level.
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Altogether, this section shows that the finding of an insignificant effect of the
EITC on labor supply depends on the inclusion of a large number of untreated individuals in the treatment group. Despite the strong positive marginal effects of
the EITC on labor supply that we find throughout this paper, DiD estimates zero
empirical effect of the policy because the design averages the effects of people
who are expected to respond to it with those for whom no response is expected.
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D

Additional Tables and Figures

Figure D-1: Validation: Predicted Hours Worked Pre- and Post-1993 EITC Reform
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The figure shows the model’s predictions for hours worked. In each graph, the first set
of bars shows the fit of the model for the years 1988-1993, prior to the implementation of
the 1993 EITC reform, while the second set of bars shows the performance of the model
for the untargeted moments of hours worked in 1995-1996. The analysis is performed on
the whole sample of single mothers (Panel (a)) and the sample of single mothers with one
child (Panel (b)), two children (Panel (c)), and three or more children (Panel (d)). The figure
displays yearly hours worked by single mothers as predicted by the model (black bars) and
as observed in the data (gray bars).
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Figure D-2: Validation: Predicted Employment Pre- and Post-1993 EITC Reform
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The figure shows the model’s predictions for employment. In each graph, the first set of
bars shows the fit of the model for the years 1988-1993, prior to the implementation of the
1993 EITC reform, while the second set of bars shows the performance of the model for the
untargeted moments of employment in 1995-1996. The analysis is performed on the whole
sample of single mothers (Panel (a)) and the sample of single mothers with one child (Panel
(b)), two children (Panel (c)), and three or more children (Panel (d)). The figure displays the
employment rate of single mothers as predicted by the model (black bars) and as observed
in the data (gray bars).
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Table D-1: Summary Statistics

Sample of Single Mothers

Mean

Standard Deviation

0.792

0.406

1440.430

940.395

Earnings ($ 1000s)

24.552

22.924

EITC Benefits ($ 1000s)

1.008

1.458

Welfare Benefits ($ 1000s)

1.974

3.909

One Child

0.426

0.494

Two Children

0.348

0.476

Three or More Children

0.226

0.418

White

0.661

0.473

Black

0.300

0.458

Other Races

0.039

0.194

Employment Rate
Yearly Hours Worked

This table presents descriptive statistics for the sample of
single mothers used in estimation. All monetary values are
expressed in thousands of 2015 US dollars.
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Table D-2: EITC Benefits, Welfare Benefits and Hours Worked per Year, Alternative Prediction
Model I
(1)

(2)

(3)

(4)

(5)

Outcome: Change in Yearly Hours Worked
Change in EITC Benefits ($ 1000s)

126.20***

110.30***

115.84***

115.07***

110.76***

(7.42)

(8.69)

(9.01)

(9.02)

(9.62)

-12.45***

-17.57***

-17.62***

-17.00***

(2.55)

(2.84)

(2.84)

(3.06)

10959

10959

10959

10959

10959

Controls and State F.E.

No

No

Yes

Yes

Yes

Unemployment and Waiver Controls

No

No

No

Yes

Yes

Prior (t-1) Income

No

No

No

No

Yes

Change in Welfare Benefits ($ 1000s)
N

The table shows the causal effect of changes in policy-induced EITC benefits and welfare benefits
on the change in yearly hours worked by single mothers. The dependent variable is the year-onyear change in hours worked by single mothers. Policy-induced changes in EITC and welfare
benefits are expressed in thousands of 2015 US dollars. The table differs from Table 1 in the main
text in that it uses a fourth order polynomial and an indicator for lagged income to predict second
period income for the purposes of computing policy-induced changes in EITC benefits and welfare benefits. See section 3.1 and Appendix E for details. Control variables include mother’s race,
indicator variables for the number of dependent children, and year fixed effects. Unemployment
and waiver controls include controls for state unemployment level and indicator variables for
state welfare waivers. Standard errors are robust to heteroskedasticity and reported in parentheses. *, **, *** indicate statistical significance at the 10%, 5%, and 1% levels, respectively.
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Table D-3: EITC Benefits, Welfare Benefits and Hours Worked per Year, Alternative Prediction
Model II
(1)

(2)

(3)

(4)

(5)

Outcome: Change in Yearly Hours Worked
Change in EITC Benefits ($ 1000s)

115.19***

98.48***

102.24***

101.48***

92.57***

(7.17)

(8.35)

(8.65)

(8.66)

(9.13)

-14.04***

-16.65***

-16.92***

-15.06***

(2.72)

(2.92)

(2.94)

(3.17)

10959

10959

10959

10959

10959

Controls and State F.E.

No

No

Yes

Yes

Yes

Unemployment and Waiver Controls

No

No

No

Yes

Yes

Prior (t-1) Income

No

No

No

No

Yes

Change in Welfare Benefits ($ 1000s)
N

The table shows the causal effect of changes in policy-induced EITC benefits and welfare benefits on the change in yearly hours worked by single mothers. The dependent variable is the
year-on-year change in hours worked by single mothers. Policy-induced changes in EITC and
welfare benefits are expressed in thousands of 2015 US dollars. The table differs from Table 1
in the main text in that it includes additional controls for race and the number of children in
the income prediction equation. See section 3.1 and Appendix E for details. Control variables
include mother’s race, indicator variables for the number of dependent children, and year fixed
effects. Unemployment and waiver controls include controls for state unemployment level and
indicator variables for state welfare waivers. Standard errors are robust to heteroskedasticity and
reported in parentheses. *, **, *** indicate statistical significance at the 10%, 5%, and 1% levels,
respectively.
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Table D-4: EITC Benefits, Welfare Benefits and Hours Worked per Year, Alternative Prediction
Model III
(1)

(2)

(3)

(4)

(5)

Outcome: Change in Yearly Hours Worked
Change in EITC Benefits ($ 1000s)

101.15***

81.91***

84.58***

83.99***

73.72***

(7.15)

(8.15)

(8.32)

(8.32)

(8.58)

-20.70***

-22.92***

-23.05***

-19.49***

(3.47)

(3.66)

(3.67)

(3.91)

10959

10959

10959

10959

10959

Controls and State F.E.

No

No

Yes

Yes

Yes

Unemployment and Waiver Controls

No

No

No

Yes

Yes

Prior (t-1) Income

No

No

No

No

Yes

Change in Welfare Benefits ($ 1000s)
N

The table shows the causal effect of changes in policy-induced EITC benefits and welfare benefits on the change in yearly hours worked by single mothers. The dependent variable is the
year-on-year change in hours worked by single mothers. Policy-induced changes in EITC and
welfare benefits are expressed in thousands of 2015 US dollars. The table differs from Table 1 in
the main text in that it includes additional controls for race, number of children, and educational
attainment (less than high school, high school, some college, college) in the income prediction
equation. See section 3.1 and Appendix E for details. Control variables include mother’s race,
indicator variables for the number of dependent children, and year fixed effects. Unemployment
and waiver controls include controls for state unemployment level and indicator variables for
state welfare waivers. Standard errors are robust to heteroskedasticity and reported in parentheses. *, **, *** indicate statistical significance at the 10%, 5%, and 1% levels, respectively.

68

Table D-5: EITC Benefits, Welfare Benefits and Hours Worked per Year, Alternative Prediction Model IV
(1)

(2)

(3)

(4)

(5)

Outcome: Change in Yearly Hours Worked
Change in EITC Benefits ($ 1000s)

94.78***

89.29***

92.06***

91.74***

88.33***

(4.71)

(5.93)

(6.09)

(6.10)

(6.41)

-3.98**

-8.34***

-8.19***

-7.99***

(1.98)

(2.24)

(2.25)

(2.43)

10959

10959

10959

10959

10959

Controls and State F.E.

No

No

Yes

Yes

Yes

Unemployment and Waiver Controls

No

No

No

Yes

Yes

Prior (t-1) Income

No

No

No

No

Yes

Change in Welfare Benefits ($ 1000s)
N

The table shows the causal effect of changes in policy-induced EITC benefits and welfare
benefits on the change in yearly hours worked by single mothers. The dependent variable
is the year-on-year change in hours worked by single mothers. Policy-induced changes in
EITC and welfare benefits are expressed in thousands of 2015 US dollars. The table differs
from Table 1 in the main text in that it predicts second period income for single mothers using the estimates from an income prediction model estimated on the sample of single
women. The income prediction model is a fifth-order polynomial in lagged income together
with a dummy variable for positive lagged values. See section 3.1 and Appendix E for details. Control variables include mother’s race, indicator variables for the number of dependent children, and year fixed effects. Unemployment and waiver controls include controls
for state unemployment level and indicator variables for state welfare waivers. Standard errors are robust to heteroskedasticity and reported in parentheses. *, **, *** indicate statistical
significance at the 10%, 5%, and 1% levels, respectively.
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Table D-6: EITC Benefits,Welfare Benefits and Weeks Worked per Year
(1)

(2)

(3)

(4)

(5)

Outcome: Change in Weeks Worked per Year
Change in EITC Benefits ($ 1000s)

3.016***

2.578***

2.688***

2.680***

(0.180)

(0.212)

(0.218)

(0.219)

-0.800***

-0.342***

-0.467***

-0.471***

(0.056)

(0.066)

(0.071)

(0.071)

10959

10959

10959

10959

10959

Controls and State F.E.

No

No

No

Yes

Yes

Unemployment and Waiver Controls

No

No

No

No

Yes

Change in Welfare Benefits ($ 1000s)
N

The table shows the causal effect of changes in policy-induced EITC benefits and welfare benefits on the change in yearly weeks worked by single mothers. The dependent variable is the
year-on-year change in weeks worked by single mothers. Policy-induced changes in EITC and
welfare benefits are expressed in thousands of 2015 US dollars. Details on the construction
of the variable for policy-induced changes in EITC and welfare benefits are provided in Section 3.1 and Appendix E. Control variables include mother’s race, indicator variables for the
number of dependent children, and year fixed effects. Unemployment and waiver controls include controls for state unemployment level and indicator variables for state welfare waivers.
Standard errors are robust to heteroskedasticity and reported in parentheses. *, **, *** indicate
statistical significance at the 10%, 5%, and 1% levels, respectively.
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Table D-7: EITC Benefits,Welfare Benefits and Weeks Worked per Year (by Previous Employment Status)
(1)

(2)

(3)

(4)

(5)

(6)

(7)

Outcome: Change in Weeks Worked per Year
Not Working in t-1 × Change in EITC Benefits ($ 1000s)

1.94***

1.63***

1.84***

1.83***

1.99***

3.24***

(0.57)

(0.58)

(0.60)

(0.60)

(0.60)

(1.05)

Not Working in t-1 × Change in Welfare Benefits ($ 1000s)

0.39***

0.34***

0.19*

0.18*

(0.10)

(0.10)

(0.10)

(0.10)

Not Working in t-1 × Any Positive Change in Welfare Benefits

Working in t-1 × Change in EITC Benefits ($ 1000s)

-3.31**
(1.32)

2.27***

2.03***

2.16***

2.15***

2.18***

2.27***

(0.22)

(0.25)

(0.26)

(0.26)

(0.26)

(0.35)

-0.77***

-0.27**

-0.34**

-0.34***

(0.12)

(0.13)

(0.13)

(0.13)
-1.62**

-2.03*

(0.77)

(1.09)

Working in t-1 × Change in Welfare Benefits ($ 1000s)

Working in t-1 × Any Positive Change in Welfare Benefits
N

-0.47
(0.81)

10959

10959

10959

10959

10959

10959

4354

Controls and State F.E.

No

No

No

Yes

Yes

Yes

Yes

Unemployment and Waiver Controls

No

No

No

No

Yes

Yes

Yes

Sample

Full

Full

Full

Full

Full

Full

Only Waiver States

The table shows the causal effect by lagged employment status of changes in policy-induced EITC benefits and welfare benefits on the change in
yearly weeks worked by single mothers. The dependent variable is the year-on-year change in weeks worked by single mothers. Policy-induced
changes in EITC and welfare benefits are expressed in thousands of 2015 US dollars. The variable for any positive changes in welfare benefits
is an indicator variable taking the value of one in the case of a nonnegative change in policy-induced changes in welfare benefits from t − 1
to t and zero otherwise. Details on the construction of the variable for policy-induced changes in EITC and welfare benefits are provided in
Section 3.1 and Appendix E. The variable Working in t − 1 is an indicator variable taking the value of one if the mother was working at baseline,
and zero otherwise. Control variables include mother’s race, indicator variables for the number of dependent children, and year fixed effects.
Unemployment and waiver controls include controls for state unemployment level and indicator variables for state welfare waivers. Standard
errors are robust to heteroskedasticity and reported in parentheses. *, **, *** indicate statistical significance at the 10%, 5%, and 1% levels,
respectively.
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Table D-8: In-sample Fit for Hours, Employment and Wages

(1)

(2)

Model

Data

Panel A: Hours Worked
Mean Hours Worked

1381.2

1379.6

Mean Hours Worked (One Child)

1621.0

1593.7

Mean Hours Worked (Two Children)

1371.9

1381.0

Mean Hours Worked (Three Children)

962.3

984.4

Panel B: Employment Rate
Employment Rate

0.759

0.762

Employment Rate (One Child)

0.867

0.837

Employment Rate (Two Children)

0.745

0.770

Employment Rate (Three Children)

0.587

0.614

Panel C: Accepted Wages
Mean Accepted Wage

16.09

16.11

SD Accepted Wage

9.62

9.60

Mean Accepted Wage (One Child)

16.46

17.02

Mean Accepted Wage (Two Children)

16.79

16.33

Mean Accepted Wage (Three Children)

13.77

13.41

Autocovariance Accepted Log-Wages

0.315

0.222

SD Accepted Log-Wage

0.56

0.64

The table shows the in-sample fit for hours worked by single mothers (Panel (a)),
employment rate (Panel (b)), and accepted wage (Panel (c)). The table displays outcomes as predicted by the model (column 1) and as observed in the data (column 2).
All monetary values are expressed in 2015 US dollars.
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Table D-9: In-sample Fit for Regression of Hours on EITC and Welfare

(1)

(2)

Outcome: Yearly Hours Worked
Model

Data

Change in EITC Benefits ($ 1000s)

214.02

175.29

Change in Welfare Benefits ($ 1000s)

-19.44

-11.74

The table shows the in-sample fit for the regression of year-on-year
changes in hours worked by single mothers on policy-induced changes
in EITC and welfare benefits. Policy-induced changes in EITC and welfare benefits are expressed in thousands of 2015 US dollars. Details on
the construction of the variable for policy-induced changes in EITC and
welfare benefits are provided in Section 3.1 and Appendix E. The table
displays outcomes as predicted by the model (column 1) and as observed
in the data (column 2).
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E

Tax and Transfer Rules and Construction of Variables

Construction of independent variables
The challenge in estimating the linear labor supply model in Equation (6),
∆hi,t = γ0 + γ1 ∆ξi,t + γ2 ∆Ti,t + ∆i,t ,
using observed changes in EITC and welfare benefits is that they depend on labor
supply. The EITC and welfare influence maternal income in two ways: (i) directly
through the transfer, and (ii) indirectly through the labor supply response. This
second channel is the source of the endogeneity. Consider an individual with prepre−tax
tax earnings, Ii,t
≡ ωi,t ·hi,t , and nonlabor income, N Li,t . The benefit formulas
for both subsidies depend on labor supply through her pre-tax earnings:
pre−tax
ξi,t = ξi,t (Ii,t
) = ξi,t (ωi,t · hi,t ) ,
pre−tax
Ti,t = Ti,t (Ii,t
, N Li,t ) = T (ωi,t · hi,t , N Li,t ) .

To eliminate this source of endogeneity, we calculate policy-induced changes in
benefits for each individual caused by variation in the EITC and welfare schedules over time. These policy-induced changes are calculated on the basis of predicted earnings and nonlabor income:
 



pre−tax
b I pre−tax |I pre−tax − ξi,t−1 I pre−tax ,
(E-1)
∆ξi,t Ii,t−1
= ξi,t E
i,t
i,t−1
i,t−1






pre−tax
b I pre−tax |I pre−tax , E
b [N Li,t |N Li,t−1 ] − Ti,t−1 I pre−tax , N Li,t−1 .
∆Ti,t Ii,t−1
= Ti,t E
i,t
i,t−1
i,t−1
(E-2)
We follow Dahl and Lochner (2012) and use a fifth-order polynomial in the lagged
variable as well as an indicator for a positive lagged value to construct the conditional expectation.
∆ξi,t and ∆Ti,t represent policy-induced changes in the benefits a mother would
expect to receive based on first-period income. To the extent that these differ
from zero, it is due to factors—such as shifts in policy—that are exogenous with
respect to the mother’s labor supply decision.
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EITC, Welfare, and Food Stamp Formulas
pre−tax
b pre−tax |I pre−tax ] and E[N
b Li,t |N Li,t−1 ],
Given Ii,t−1
, N Li,t−1 , and estimates of E[I
i,t
i,t−1
we calculate EITC benefits using NBER’s TAXSIM and welfare benefits using
the AFDC/TANF rules in effect for each year and state in which we observe the
mother. Table A.1 in Kleven (2020) provides a detailed reference for the federal
EITC parameters during the period we study.

The computation of welfare benefits depends on earnings, nonlabor income, number of children, and the individual’s state of residence. Each state bases eligibility
on whether both gross and net income fall below a threshold specific to the number of children in the family. If a family is eligible, they receive a benefit that
depends on several parameters set by the state: the maximum allowable benefit
(MB), the dollar and rate disregards to earnings (EDD and ERD) described in Appre−tax
pendix A, and the payment standard (PS). Given earnings (Ii,t
) and nonlabor
pre−tax
−EDD)(1−ERD)+N Li,t ,
income (N Li,t ), net income is given by N eti,t = (Ii,t
and benefits are
Benef iti,t = max{min{M B, P S − N eti,t }, 0} .

(E-3)

All parameters vary substantially across states and years. Figure A-2 plots the
welfare benefit function for four states in selected years between 1988 and 2002
for a mother with two children and no nonlabor income. MB determines the
y-intercept, while ERD influences the slope of the function and a positive EDD
induces benefits to be constant in earnings at low levels.
SNAP benefits (food stamps) enter into the individual’s budget constraint in the
model in Section 4. SNAP benefits depend on an individual’s earnings, nonlabor
income, and welfare benefits received. Provided that gross earnings are below
130 percent of the federal poverty line and earnings and nonlabor income net of
welfare benefits (N Ei,t ) are below 100 percent of the poverty line, an individual
with k children receives SNAP benefits according to the formula:
SN APi,t (k) = max{M Bi,t (k) − 0.3 ∗ N Ei,t (k), 0} ,

(E-4)

where M Bi,t (k) is the maximum benefit for a family with k children in year t.
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Parameters of Estimated Tax Function
We approximate mother’s after-tax income by the parametric function in (8). For
each year, state, and number of children, we use NBER’s TAXSIM program to
simulate the aftertax earnings of mothers with incomes at intervals of $1,000 between $0 and $100,000. Then we estimate θ0,s,t,k and θ1,s,t,k ∀s, t, k by minimizing
the sum of squared residuals between actual after-tax income and the after-tax
income predicted by the right-hand-side of Equation (8). Estimation is done by
Nonlinear Least Squares.
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Welfare Time Limits

The table in this section documents the earliest possible date on which time limits
might result in a welfare recipient being kicked off the welfare rolls (US Department of Health and Human Services 1997).
State

Extent

First Cases
Reach Limit

Consequence

Arizona

Statewide

November-97

Adult portion of grant is
terminated.

California

Statewide

August-97

Adults must participate in
CWEP for 100 hours per month.

Colorado

Five counties

May-96

Nonexempt adults must be
working at least 30 hours per
week or actively participating
in a JOBS training program.

Connecticut

Two cities:
New Haven
and
Manchester

June-96

End of cash assistance.

Connecticut

Statewide

September-97

End of cash assistance.

Delaware

Statewide

November-97

Adult must enter
pay-after-performance work
experience program.

Delaware

Statewide

November-99

End of cash assistance.
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Florida

Escambia &
Alachua
counties.
Later
expanded to
six more
counties.

February-96

End of cash assistance.
Transitional employment will
be offered to for those who have
diligently completed plans, are
unable to find employment and
have not voluntarily quit or
been discharged for
misconduct.

Georgia

Ten counties

Between
December-98
and
December-99

Recipients must work 20 hours
per month in a work experience
program for a state, local
government, federal agency or
nonprofit organization, subject
to availability of work slots.

Hawaii

Statewide

Between
November-01
and
November-02

End of cash assistance.

Illinois

Statewide

November-96

Recipients whose youngest
child is 13 or older must accept
up to 60 hours per month of
work subsidized by AFDC
grant.

Illinois

Statewide

November-97

End of cash assistance; family
ineligible to reapply for aid for
two years.
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Indiana

Statewide
(initially
limited to
12,000 adult
recipients)

May-97

Adult portion of grant is
terminated.

Iowa

Statewide

Unknown

Benefits will be phased out for
failure to make satisfactory
progress towards
self-sufficiency.

Louisiana

Statewide

February-99

End of cash assistance.

Massachusetts Statewide

January-96

Recipients who can not find
work will be placed in a
community service position for
20 hours per week.

Michigan

Statewide

November-95

After one year of
noncompliance with work
requirements, penalty increases
to loss of all AFDC benefits.

Missouri

Statewide

June-97

At the time limit, recipients will
be assigned to job search and
work experience.
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Missouri

Statewide

May-98

The state will deny AFDC to an
individual who received
benefits for at least 36 months
and who reapplies after
completing a self-sufficiency
agreement entered into after
July 1, 1997, if the individual
was responsible for becoming
unemployed. Other eligible
members of the family will
receive benefits.

Montana

Statewide

February-98
for single
parents

Individuals who reach time
limit but have not achieved
self-sufficiency will be required
to participate in Community
Services Program for 20 hours
per week in order to receive
benefits.

Nebraska

Two counties
in 1995.
Expanded
statewide in
1996.

November-97

End of cash assistance.

New
Hampshire

Statewide

Between
February-97
and
February-98

Requires job search for up to 26
weeks followed by
work-related activities for 26
weeks. These cycles will repeat
until the recipient is off AFDC.
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North
Carolina

Statewide

Between
March-98 and
March-99

End of cash assistance. Family
becomes ineligible for 36
months.

North Dakota

Ten counties

Unknown

Placement in a work experience
program or extension of
benefits, based on an evaluation
of the recipient’s circumstances.

Ohio

Statewide

Between
July-99 and
January-00.

End of cash assistance.

Oklahoma

Six counties

May-99

Mandatory workfare
participation of at least 24 hours
a week.

Oregon

Statewide

August-97

End of cash assistance.

South
Carolina

Statewide

Between
July-98 and
July-99

End of cash assistance.

South Dakota

Statewide

May-96 or
May-99

If adult is not employed at least
30 hours per weeks, must
perform 30 hours of approved
volunteer service each week
(fewer if good cause shown).

Tennessee

Statewide

Between
April-98 and
April-99 for
continuous
recipients

End of cash assistance. After
receiving AFDC for 18 months,
a household must wait at least
three months before
re-applying.
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Texas

Statewide

May-97

Adults who reach the time
limits may not receive cash
assistance for a five-year period.
The children will continue to be
eligible for benefits.

Vermont

Statewide

November-95
for 15-month
group.
March-97 for
30-month
group.

Requires participation in
subsidized employment.

Virginia

Statewide.
Phased in
over four
years.

August-97

End of cash assistance.

Washington

Statewide

February-00

Imposes a 10 percent grant
reduction for families who have
received assistance for 48 out of
60 months, and imposes an
additional 10 percent grant
reduction for every 12 months
thereafter.

Wisconsin

Two
counties:
Fond du Lac
and Pierce

February-97

End of cash assistance.
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