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Abstract

A large literature evaluating the welfare e ects of taxation has examined the role of the labor

supply elasticity, and has shown that the estimated welfare e ects are highly sensitive to its size.

A common feature of this literature is its exclusive focus on hours worked and the associated

marginal tax rate. An emerging consensus among public Þnance and labor economists, however,

is that labor supply is more responsive along the extensive margin (participation) than along the

intensive margin (hours worked). To understand the implications of the participation decision

for the welfare analysis of tax reform, this paper embeds the extensive margin in an explicit

welfare theoretic framework. It is shown that the participation e ect on welfare is created

by a di erent tax wedge than the marginal-tax wedge relevant for hours of work. The reason

is simple and intuitive. Features of the tax-transfer schedule such as the EITC, TANF and

Medicaid create signiÞcant non-linearities and discontinuities, and in turn lead to substantially

di erent tax rates on participation than on hours worked.

We apply our framework to examine the labor supply and welfare e ects for single mothers

in the United States following four tax acts passed in 1986, 1990, 1993, and 2001. We show that

each of the four tax acts reduced the tax burdens on low-income single mothers, and created

substantial welfare gains. We note three features of the welfare e ects. First, we Þnd that

welfare gains are almost exclusively concentrated along the extensive margin of labor supply.

Second, welfare e ects along the extenisve margin tend to dominate those along the intensive

margin, even when the two labor supply elasticities are of similar size. This occurs because

the welfare e ect on each margin is created by a di erent tax wedge. Finally, ignoring the

composition of the labor supply elasticity may reverse the sign of the welfare e ect. In the

welfare evaluation of tax reform, we conclude that the composition of the total labor supply

elasticity is as important as its size.



1 Introduction

The last two decades represent an unusually active period in the modern history of the United

States tax system. A series of tax acts- passed in 1981, 1986, 1990, 1993, 2001 and 2003-

have dramatically changed the federal income tax code. These tax acts di ered substantially

in their scope and coverage, but all had important e ects on the tax liabilities and incentives

faced by taxpayers. The Tax Reform Act of 1986 represented the most fundamental change

in the income tax system in nearly 40 years, and changed not only the rate schedule but also

the basic deÞnition of the tax base. By design, it had its largest e ect on the highest income

taxpayers, but TRA86 also included substantial beneÞts for lower-income taxpayers through

lower marginal rates, increased personal exemptions and standard deduction. The Omnibus

Budget Reconciliation Acts of 1990 and 1993, on the other hand, raised tax rates at the top of

the income distribution and included even more signiÞcant beneÞts for lower income families

by way of unprecedented expansions in tax-based transfers, but left untouched other elements

of the tax code.

The primary e ect of these tax changes for lower-income taxpayers has been to reduce tax

liabilities. While lower tax burdens are the result of a combination of provisions, a central

reason is the expansion of the Earned Income Tax Credit (EITC). A relatively modest program

until 1986, the EITC has since evolved into the single largest cash transfer program for lower-

income families at the federal level. In fact, the EITC now implies negative tax liabilities on

labor income (including all federal, state, and social security taxes) for almost two-thirds of the

population of single mothers.

This paper evaluates the welfare e ects on single mothers from the tax acts passed in 1986,

1990, 1993, and 2001. We take note of recent empirical evidence that suggests strong labor

force participation responses to the expansions of the EITC by female household heads. Of

particular interest is the observation that these participation responses have not been matched

on the hours-worked margin, even though incentives were substantial (Eissa and Liebman, 1996,

Meyer and Rosenbaum, 2001). Moreover, these recent Þndings are consistent with evidence

from the earlier Negative Income Tax Experiments, where participation responses were found

to be slightly larger than hours-worked responses for both single female heads and married

women (Robins, 1985). Recent Þndings are also consistent with indirect evidence showing
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larger estimated elasticities for all than for working married women (Mroz 1987, Triest 1990).

Recent work on optimal taxation has shown that accounting for both the extensive (partic-

ipation) and intensive (hours worked) margins is crucial to welfare analysis (Saez, 2002). Saez

shows that the optimal tax-transfer policy changes when the extensive margin is explicitly in-

troduced. More precisely, the optimal policy involves negative marginal tax rates at the bottom

of the earnings distribution, similar to an EITC. By contrast, an EITC would be ine cient in

a standard model with only intensive responses.

Our paper extends on this work by examining the impact of the extensive margin on the

welfare evaluation of tax reforms. We set up a welfare theoretic framework that models labor

supply in a manner consistent with the empirical distribution of hours worked. That distribution

shows very few workers at low annual or weekly hours worked. To generate labor supply

responses consistent with such a distribution, we drop the standard convexity assumptions-

which imply that small changes in marginal rates induce entry at inÞnitesimal hours of work.

Our framework allows for discrete labor market entry by way of non-convexities in preferences

and budget sets created by costs of work (as in Cogan, 1981; Heim and Meyer, 2003). We note

that such non-convexities allow Þrst-order welfare e ects along the extensive margin. With

convex preferences and budget sets, small tax changes entail no Þrst-order welfare e ects along

the extensive margin.

Our theoretical framework identiÞes parameters that are important for evaluating the welfare

e ects of tax reform. More precisely, welfare e ects are shown to depend on labor supply

elasticities along the intensive and the extensive margins; on the initial tax-beneÞt position of

each individual; and on the reform-induced changes in tax rates. The distinction between the

two margins of labor supply is crucial, because they imply distinctly di erent tax wedges. As in

traditional analysis, the welfare e ect on the intensive margin is related to the e ective marginal

tax rate on labor income- including the marginal phase-out rate applied to any beneÞts-. On

the other hand, the e ect on the extensive margin is related to the e ective average tax rate

on labor income- including the average reduction rate on beneÞts-. Simulations show that

conßating these two tax wedges in the welfare analysis can be fundamentally misleading. The

reason is simple and intuitive. Features such as the EITC, TANF and Medicaid create signiÞcant

non-linearities and discontinuities in the tax-transfer schedules and in turn lead to substantially

di erent tax rates on participation than on hours worked, both in levels and in changes over
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time.

Our simulations account for all relevant changes to the federal income tax code introduced

by the four tax acts. We therefore analyze more than just the EITC, although it does turn out

to be the most important component for the population of interest. The tax simulations are

based on Current Population Survey (CPS) data for the baseline years of each of the four reforms

and NBER�s TAXSIM model. Because of the central role of the public assistance system, we

construct a beneÞt calculator that incorporates cash assistance as well as Food Stamps and

Medicaid. We combine tax data from the NBER�s TAXSIM model with our beneÞts data to

characterize as precisely as possible the extensive and intensive tax wedges for each individual

in the sample.

Based on a broad range of realistic labor supply elasticities, we Þnd that all four tax reforms

created substantial welfare gains for the population of single mothers. The e ects are largest

for the 1986 reform, both in terms of the total welfare gain as well as the gain per dollar spent.

For all four reforms, we show that most of the welfare gains are generated along the extensive

labor supply margin. For both the 1990 and the 1993 tax acts, these gains dominate welfare

losses created by hours-of-work responses.

Consistent with empirical evidence, most scenarios assume that the participation elasticity

is larger than the hours-of-work elasticity. However, this assumption does not drive our Þnding

that the extensive responses account for most of the welfare gains. Even with identical elas-

ticities, the welfare e ects created along the extensive margin tend to dominate, especially for

the 1990 and 1993 reforms. This occurs because non-linearities and discontinuities in the tax

schedule create di erent distortions along the participation and hours margins, and because the

tax acts had a stronger e ect on the average tax rate (for example, -12.8 percent in 1993) than

the marginal tax rate (-3.6 percent). These features of the tax schedule render the composition

of the total labor supply elasticity a crucial element for the welfare evaluation of tax reform.

In fact, we Þnd that conßating the participation and hours elasticities may in fact lead to the

wrong sign on the welfare e ect. The composition of the labor supply elasticity may then be

more important than its size.

Our paper contributes to the large numerical literature on tax reform and the welfare costs

of taxation, including those based on Computable General Equilibrium models (Ballard et. al.,

1985; Ballard, 1988), micro-simulation (Browning and Johnson, 1984; Triest 1994) as well as
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simple deadweight-loss calculations (Browning, 1987, 1995). A common feature of this literature

is the assumption of a standard convex labor supply model, ruling out (discrete) participation

responses. In addition to a more realistic model of labor supply behavior, we deviate from this

literature by simulating the e ects of actual rather than hypothetical reforms.

The organization of the paper is as follows. The next section reviews the literature provid-

ing the main motivation for our framework. Section 3 presents a welfare theoretic framework

that distinguishes explicitly between the intensive and extensive margins of labor supply re-

sponse. Section 4 applies the theory to data from the Current Population Survey, and evaluates

the welfare implications from the changes in the tax treatment of single mothers. Section 5

concludes.

2 Background

2.1 Two Decades of US Tax Reform

A worker Þling a head of household tax return in 2004 would face a federal income tax schedule

with six brackets, with rates ranging from 10 to 35 percent. These rates are applied to taxable

income, the di erence between gross income and deductions and exemptions. Her earnings

would therefore be shielded from taxes by the standard deduction ($7,150) and by the personal

exemption ($3,100 per person). If the taxpayer has two children, she would pay 10 percent in

federal income taxes on earnings above $16,450. She would face either no state income tax (in

Florida or Texas) or as much as a 5 percent state income tax (in Massachusetts or Oregon).

Additionally, this taxpayer would also have paid payroll taxes of 7.65 percent on her Þrst dollar

of earnings.

A head-of-household tax Þler could also be eligible for the earned income tax credit (EITC).

To be eligible, her Adjusted Gross Income (AGI) must fall below some limit ($33,692 if she has

more than one child). The size of the credit depends on the amount of earned income and the

number of qualifying children who meet certain age, relationship and residency tests. Children

must be under age 19 � or 24 if a full-time student � or permanently disabled and must reside

with the taxpayer for more than half the year. Three regions in the credit schedule determine

the size of the credit. The initial phase-in region transfers an amount equal to the subsidy

rate (40 percent) times earnings. Over a range of earned income, she continues to receive the
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maximum credit ($4,204), after which the credit is phased out at a set rate (21 percent). The

credit is refundable, so this taxpayer would receive the full amount of the credit if she had no

federal tax liability.

Twenty years earlier, this taxpayer would have faced a very di erent tax scheme, with a

much smaller EITC and 15 brackets -ranging from zero to 50 percent.- A series of tax acts passed

in the United States since the 1980�s substantially changed the federal income tax structure and

federal income tax liabilities. The 1986, 1990, 1993 and 2001 tax acts resulted in substantial

changes to the tax liabilities of single women with children. With both the Tax Reform Act of

1986 (TRA86) and the Omnibus Budget Reconciliation Acts of 1990 and 1993 (OBRA90 and

OBRA93), tax liabilities are changed primarily through expansions of the EITC � a refundable

tax credit for low-income households with children. The 2001 tax act, on the other hand, did

not a ect the credit for single parents, but rather reduced the rates on the lowest income tax

bracket and increased the size of tax credits. To outline the major features of the tax changes,

Table 1 presents federal income tax parameters from 1984 to 2002. The table highlights the

continuous and dramatic changes to the federal income tax schedule over the period. Tax

liabilities are altered both because of changes to the rate schedule and to basic deductions and

exemptions. Tax liabilities are also altered by tax credits. In that vein, the table also highlights

the central role of the Earned Income Tax Credit in altering tax liability as well as the shape

of the tax schedule for our population of interest, female household heads.

The 1986 expansion of the EITC, passed as part of the Tax Reform Act of 1986 (TRA86),

increased the subsidy rate for the phase-in of the credit from 11 percent to 14 percent and

increased the maximum income to which the subsidy rate was applied from $5,000 to $6,080.

This resulted in an increase in the maximum credit from $550 to $851. The phase-out rate was

reduced from 12.2 percent to 10 percent. The higher maximum credit and the lower phase-out

rate combined to expand the phase-out region from $11,000 in 1986 to $18,576 by 1988.

The impact of the EITC expansion on the tax liability of eligible taxpayers was reinforced by

other elements of TRA86. TRA86 increased the standard deduction for a taxpayer Þling as head

of household from $2480 in 1986 (included in the zero bracket) to $4400 in 1988. TRA86 further

reduced the tax liability of taxpayers with children by increasing the deduction per dependent

exemption from $1080 in 1986 to $1950 in 1988. Finally, the tax schedules were changed.

The tax schedule changes were particularly beneÞcial to head of household Þlers because the
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increased standard deduction and exemption amounts meant that in 1988 the typical head-of-

household did not jump from the 15 to the 28 percent tax bracket until her AGI exceeded

$33,565.

The Omnibus Budget Reconciliation Act of 1990 (OBRA90) further expanded the EITC

for all eligible families, and introduced a di erent EITC schedule for families with two or more

children. The phase-in rate of the EITC was increased from 14 percent to 18.5 for taxpayers

with one-child and 19.5 percent for taxpayers with more children. OBRA90 also increased the

maximum beneÞt, phased in over three years.

The largest single expansion of the EITC was contained in the budget reconciliation act of

1993 (OBRA93). OBRA93 further increased the additional maximum beneÞt for taxpayers with

two or more children to $1,400 by 1996 ($3,556 versus $2,152 in 1996), doubled the subsidy rate

for the lowest-income recipients from 19.5 to 40 percent for larger families (18.5 to 34 percent

for families with one child). These changes combined to dramatically expand eligibility for the

EITC, such that by 1996 a couple with two children would still be eligible at incomes of almost

$30,000. Other than the expansions to the EITC there was little in the way of changes to the

federal income tax for lower-income individuals in OBRA93.

In June 2001, Congress passed the largest and most unusual tax cut in 20 years, the Economic

Growth and Tax Relief Reconciliation Act of 2001 (EGTRRA). EGTRRA cut taxes by an

estimated $1.3 trillion dollars by 2010 and then sunsets, returning rates to their pre-EGTRRA

levels (an event few expect to happen). Because female household heads typically have income

in the lower end of the distribution, they beneÞt primarily from three provisions: reduction in

the lowest income tax bracket from 15 to 10 percent, revisions to the Child Tax Credit, and

to the Child and Dependent Care Tax Credit. The Child Tax Credit was increased from $500

to $1,000, and made refundable. The Dependent Care Tax Credit was increased from $2,400

to $3,000 starting in 2003. These features are likely to have similar e ects on tax rates and

liabilities for eligible taxpayers.

On the whole, the last two decades have been especially active for the tax system in the

United States. After reviewing the empirical evidence on labor supply, we present our framework

for evaluating the welfare e ects of these reforms.

6



2.2 Empirical Evidence on Labor Supply and Tax Reforms

We argue that empirical evidence strongly suggests treating participation separate from hours

worked. To focus the discussion, we review the evidence on the labor supply responsiveness of

female household heads to recent tax reforms in the United States. This body of work has used

both quasi-experimental methods (Eissa and Liebman �EL� 1996, Eissa and Hoynes �EH� 2003,

Hotz, Mullin and Scholz �HMS� 2002) as well more structural methods (Dickert, Houser and

Scholz �DHS� 1995 and Meyer and Rosenbaum �MR� 2001). What is notable about this work

is that the Þndings are consistent across the di erent methods and di erent reforms evaluated.

The Þrst set of results come from studies that use quasi-experimental methods to examine

the labor supply e ects of the Tax Reform Act of 1986 on female heads (EL), the 1993 EITC

expansion on married women (EH) and the EITC expansions in the 1990�s on welfare recipients

in California (HMS).1 EL compare the change in labor force participation and hours worked

by single mothers to that of single women without children, and Þnd a sizeable labor force

participation response of 2.8 percentage points (out of a base of 74.2). Their data (the Current

Population Survey) also show no discernible hours of work response. It is interesting to note that

EH also Þnd important participation e ects when examining the response of married women.

Exploiting the fact that states began implementing demonstration projects that altered the

work incentive of welfare eligible families, HMS evaluate labor supply responses of larger welfare

families to the marginal second child credit. Using administrative data on welfare recipients in

four California counties, they Þnd a dramatic increase in the employment rate of larger families

-of 6 to 8 percentage points- relative to families with one child. These Þndings imply a range of

labor force participation elasticities with respect to the net income of working parents, with 1.7

at the high end. Overall the evidence based on the di erence-in-di erences model is consistent

and suggests fairly strong participation e ects, especially for female household heads.

A second set of studies exploits individual-level variation in after-tax wages and incomes to

estimate the e ect of EITC expansions on labor force participation. DHS use cross-sectional

data from the 1990 Survey of Income and Program Participation (SIPP) and estimate a joint

program and labor force participation model, identiÞed by variations in the returns to part-time

(or full-time) employment in di erent states. They estimate a labor force participation elasticity

1More detailed information on eligibility and beneÞts are provided in Hotz and Scholz (2003).
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of 0.35. Because these results are based on cross-sectional data, one concern is the potential

bias from correlations between unobserved state characteristics and labor supply incentives. MR

address this concern by using state-time variation in labor supply incentives. They carefully

model the complete set of welfare and tax systems at the federal and state level, and estimate

a discrete participation model based on comparisons of utility in and out of the labor force.

Using data from the 1985 to 1997 CPS, they Þnd that the EITC accounts for about 60 percent

of the increase in the employment of single mothers over the period. Their implied labor force

participation elasticities are within the bounds of other studies, and reasonably large (about

0.7).

We should note that two other pieces of empirical evidence suggest that recent Þndings

regarding the participation responses to tax reforms should not be surprising. This evidence

comes from the Negatives Income Tax (NIT) Experiments in the late 1970�s, and from the

empirical labor supply literature. The randomized experiments, o ering di erent guarantee

and tax rates, suggested stronger employment e ects than hours of work e ects (see the reviews

by Mo tt and Kehrer, 1981 and Robins, 1985). A careful review of the empirical literature

suggests as well that participation is more sensitive to taxes than hours worked (Triest, 1990;

Mroz, 1987). Both papers show that excluding non-workers from the regressions generates

much smaller labor supply elasticities than do regressions where non-workers are included, the

suggestion being that it is the participation margin that is sensitive to the net-of-tax wage.2

Overall, the empirical evidence strongly suggests that the labor market entry decision is

sensitive to taxes, and in fact much more sensitive than are hours worked. For single mothers,

the empirical studies have found extensive margin responses to tax reforms which correspond

to participation elasticities in the range from 0.35 to 1.7. Almost none of these studies Þnd

any signiÞcant hours of work e ects.

3 A Framework to Evaluate Tax Reform

3.1 Welfare Analysis with Extensive Labor Supply Responses

Following Harberger (1964), several studies have attempted to measure the distortions to the

labor-leisure choice induced by labor income taxes (e.g. Ballard et al., 1985; Ballard, 1988;

2For other countries such as Canada, the United Kingdom, and France, there also exist experimental evidence
on strong participation responses for single mothers (see Card and Robins, 1998; Blundell, 2001; Piketty, 1998).
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Triest, 1994; Browning, 1995). A common feature of these papers is the assumption that

preferences and budget sets are convex. This assumption is problematic for two reasons. While

a convex model features labor supply adjustments along both the intensive and the extensive

margins, these adjustments occur in a continuous manner. Therefore, any individual entering

the labor market following a small tax change will always choose to work an inÞnitesimal

number of hours. The empirical distribution of hours worked, however, generally shows very

few workers at low annual or weekly hours worked.

Second, the convex framework cannot provide a reasonable approximation for welfare analy-

sis. To see the point, consider a standard labor supply model where individuals have identical

preferences but heterogenous productivities distributed continuously on an interval (such as

Mirrlees, 1971). With a common reservation wage, individual productivity determines labor

force participation. A tax reform that reduces the taxes of low-income individuals (i.e., around

the reservation wage) would raise the number of workers by a small amount. The standard

prediction is that these new entrants would work only a few hours. More precisely, a marginal

change in the tax system would induce an inÞnitesimal number of individuals to join the labor

market, at inÞnitesimal hours of work. By implication, the e ect on tax revenue of these

behavioral responses is second order. Because the welfare e ect of tax reform is determined

exactly by the behavioral e ects on tax revenue (e.g., Immervoll et al., 2004), adjustments in

labor supply along the extensive margin create no Þrst-order welfare e ects. Because it models

entry-and-exit behavior incorrectly, we argue the convex framework cannot provide a reasonable

approximation of the implied welfare e ects.

To summarize then, the evaluation of tax reforms a ecting entry and exit decisions requires

a framework that explicitly distinguishes between the two margins of labor supply. In addition,

some form of non-convexity is required to obtain both a realistic description of participation

responses and the correct welfare e ects. The next section sets up a framework along these

lines.3

3A general framework for the analysis of welfare e ects with discrete choice was provided by Small and Rosen
(1981).
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3.2 The Model of Labor Supply Behavior

The most common explanation for discrete behavior along the extensive margin is the presence

of non-convexities in preferences or budget sets due to Þxed work costs (Cogan, 1981) or concave

work cost functions (Heim and Meyer, 2003). These work costs may be monetary costs (child

care, transportation, clothing, etc.) or they could come in the form of time losses (e.g., com-

muting time and the time used preparing for and recovering from work). Moreover, emotional

costs are perceivable resulting from the stress and the additional responsibilities associated with

work. The various types of work costs may be Þxed or they may depend in complex ways on

working hours. But in general they tend to create economies of scale in the work decision, im-

plying that very small working hours become non-optimal for the individual. Below we adopt a

framework incorporating Þxed work costs, denoted by , which may capture some of the factors

mentioned above.4

For the Þxed work costs, we adopt a stochastic formulation where each individual draws

a Þxed cost from a distribution ( ) with density ( ). As we shall see, this formulation

implies that each individual in the population has a probability of labor market participation,

which may be interpreted as an individual participation rate. The formulation is consistent with

the empirical part of the paper, where we estimate the individual participation probabilities

from a probit regression. The main advantage of the stochastic formulation is that it generates

a smooth participation response at the individual level, where small changes in wages or taxes

create small changes in the probability of participation. Hence we may capture the sensitivity

of entry-exit behavior by setting elasticity parameters for each individual. Although the par-

ticipation response is smooth in this way, it is also discrete in the sense that � conditional on

entry � the individual never chooses very low hours of work. This aspect of the model is very

important as pointed out in the previous section.

Individuals choose labor supply behavior after the realization of their Þxed cost of working.

The labor earnings of individual is given by , where is the individual productivity level

while denotes working hours. The tax system is described by a function ( ), where

is an abstract parameter which we will use to capture policy reform. The tax function is

a net payment to the public sector, embodying taxes as well as transfers. For our purpose,

4An additional source of non-convexity in the budget set which we incorporate in the analysis derives from
the design of the tax-transfer system. This is mostly due to phase-out and discontinuities for transfer payments.
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it is important that the speciÞcation of the tax/transfer system retains su cient ßexibility

for the empirical application. In particular, we allow for non-linearities and the possibility

of discontinuities. Attention is restricted, however, to the case of piecewise linearity where

individuals face marginal tax rates which are locally constant. This type of tax speciÞcation

has also been used by Dahlby (1998) and Immervoll et al. (2004).

Individual utility is speciÞed in the following way

( ) = ( ) · 1 ( 0) (1)

where is consumption, ( ) is a well-behaved utility function, and 1( ) denotes the indicator

function. In contrast to some recent studies incorporating discrete participation behavior (Saez,

2002; Immervoll et al., 2004), our formulation accounts for the presence of income e ects. The

Þxed work cost is incurred only at positive hours of work ( 0), and it is assumed to be

additively separable in utility. As we shall see below, the separability assumption simpliÞes the

analysis considerably, since it implies that the decision about hours of work becomes independent

of the Þxed cost. More speciÞcally, while the Þxed cost will a ect the choice to participate in

the labor market, it will not a ect the choice of working hours conditional on participation. For

the welfare analysis of tax reform, which depends on labor supply elasticities, the substantive

assumption we are making is that intensive labor supply elasticities do not depend on Þxed

costs. The elasticities may vary across individuals (due to heterogeneity of preferences and

wage rates) but they will not vary with the realization of the Þxed work cost for each individual.

For the purpose of the simulation exercise, this assumption does not seem strong. One should

bear in mind that Þxed costs are very di cult to observe, implying that empirical evidence

on the correlation between these costs and labor supply elasticities cannot easily be obtained.

Hence we would not be able to make much use of the additional heterogeneity implied by the

non-separability of Þxed costs.5

The budget constraint is given by

( ) (2)

The household maximizes (1) subject to (2). The maximization may be solved in two stages.

First, we solve for the optimal hours of work conditional on labor force participation and,

5The assumption of additive separability of the Þxed cost is stronger than we need. A speciÞcation with weak
separability, where utility is given by ( ( ) · 1 ( 0)), would leave the analysis unchanged.
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second, we consider the choice to enter the labor market at the optimal working hours. Given

participation, 0, the optimum is characterized by the standard Þrst-order condition

(1 )
( )

=
( )

(3)

where and denote consumption and hours of work at the optimum, while ( ) ( )

is the marginal tax rate on earnings. Since the -function embodies transfers, the marginal tax

rate includes the marginal claw-back on any beneÞts that the individual is receiving. The above

expression conÞrms that the optimal solutions do not depend on the Þxed cost , and therefore

the utility level (exclusive of Þxed costs) = ( ) = + will also not depend on the

Þxed cost. This becomes useful later on.

In the second stage, we solve for labor force participation. For the individual to enter the

labor market, the utility from participation must be greater than or equal to the utility from

non-participation. This constraint implies a cut-o for the Þxed cost given by

¯ = ( )
¡
0 0
¢

(4)

where 0 (0 ) denotes consumption for those who are not working. Individuals with a

Þxed cost below the threshold-value ¯ decide to enter the labor market at hours, while those

with a Þxed cost above the threshold choose to stay outside the labor force. The threshold

value determining the entry-exit choice reßects in part the di erence between consumption for

participants and consumption for non-participants. It is useful to write the consumption for

participants in the following way

= ( ) = 0 + (1 ) (5)

where [ ( ) (0 )] ( ) deÞnes a tax rate on labor force participation. This

tax rate is an e ective average tax rate, including the beneÞt reduction from entry in proportion

to earnings (i.e., the average claw-back rate). For a policy reform a ecting only taxes and

beneÞts for workers (such as an EITC), 0 is constant and labor force participation is a ected

only through the change in the participation tax rate . Changes in the marginal tax rate

will a ect optimal working hours , but these changes in is of no consequence for the

participation response due to the envelope theorem.

The welfare analysis of tax reform should be based on the dual rather than the primary

approach to the individual�s problem. In the dual approach, we minimize expenditures to
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obtain a given utility level. This problem is more involved than usual due to the non-convexity

created by Þxed work costs. The problem may be written in the following way

min { + ( )} st. ( ) · 1 ( 0) (6)

where is a Þxed utility level. In the following, we let denote the equilibrium utility

level obtained from the primary problem. This implies that the solutions to the expenditure

minimization problem (the compensated values of and ) will be consistent with the solutions

to the utility maximization problem (the uncompensated values of and ).

Again, we may solve the problem in two stages. Conditional on participation, the problem

simpliÞes to

min { + ( )} st. ( ) + (7)

where is now written on the right-hand side, since it is exogenous at this stage. The solution

to this problem
³
� �

´
is characterized by the Þrst-order conditions

(1 )

³
� �

´

=

³
� �

´

and
³
� �

´
= + (8)

From these equations, we obtain a function for compensated hours of work given by � =

� ((1 ) + ), and a function for compensated consumption, � = � ((1 ) + ).

By inserting these functions in eq. (7), we obtain the expenditure function conditional on par-

ticipation

( + ) = � (·) � (·) +
³

� (·)
´

(9)

We write (·) as a function of to reßect that expenditures are evaluated at the current

tax-beneÞt system. Notice that the -parameter enters directly (in the tax function) as well

as indirectly, because the compensated variables are functions of the marginal tax rate. We

surpress the wage rate as a function argument in the expenditure function, because it is

exogenous in the model. Notice Þnally that the expenditure function (·) is increasing in the

Þxed cost .

If the individual does not enter the labor market, the dual problem is to minimize + (0 )

with respect to and subject to ( 0) . The Þrst-order condition is given simply by

¡
�0 0

¢
= (10)
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which deÞnes a function �0 = �0 ( ). Hence the expenditure function conditional on not working

is given by

( ) = �0 ( ) + (0 ) (11)

At the given utility level, labor market participation is optimal if ( + ) ( )

whereas non-participation is optimal if the opposite holds. Accordingly, we may characterize

the expenditure function in the following way

( ) = min [ ( + ) ( )] (12)

The comparison of expenditures at participation versus non-participation depends on the size

of the work costs . The higher the cost, the higher the value of (·), and the less likely

it becomes that the individual would want to participate. We may deÞne a threshold value,

denoted by � , where expenditures in the two states are equal, i.e. ( + � ) = ( ).

From eqs (9) and (11), this condition implies

� = �0 + (1 ) � (13)

where is the participation tax rate deÞned previously.

The participation decision in the dual approach should be consistent with the decision in

primary approach in the sense that the solutions are the same at the actual utility level . To

see that this is indeed the case, notice that the Þrst-order conditions (8) and (10) evaluated at

� implies

� =
³
� �

´ ¡
�0 0

¢
(14)

Given the optimal hours of work � and consumption for non-participants �0 = �0 ( ), eqs (13)

and (14) solve for the compensated threshold value � and compensated consumption � . It is

immediately clear that these equations are consistent with (4) and (5) in the primary approach.

Having described the individual�s optimization, we are ready to write down aggregate (com-

pensated) labor supply . Each individual works � ((1 ) + ) hours if his realized

Þxed cost is less than or equal to � . Otherwise he stays out of the labor market. As the

probability distribution function for the Þxed cost is denoted ( ), we obtain

=
X

=1

Z �

0

� ((1 ) + ) ( ) (15)
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where is the total number of individuals. At this point, we may use the separability of

Þxed costs to simplify the expression. As explained previously, the separability implies that

the equilibrium utility level exclusive of Þxed costs, i.e. = + , is independent of the

realization of the Þxed cost. An increase in the cost leads to an o setting decline in . Hence

working hours may be moved outside the integral in the above expression such that we get

=
X

=1

(� ) � ((1 ) ) (16)

where (� ) =
R �
0 ( ) is the individual probability of participation, which may be inter-

preted as an individual participation rate. The above expression emphasizes the joint role of

the intensive and extensive margins in determining aggregate labor supply behavior, and it

shows that the two margins are related to di erent tax/transfer parameters. While the choice

of working hours depends on the e ective marginal tax rate , the participation rate is deter-

mined by the cut-o Þxed cost � which is related to the e ective average rate of taxation

(the participation tax rate).

From eq. (16), the e ect of tax reform on labor supply may be decomposed into its e ect

on hours of work for those who are working and its e ect on labor force participation. As a

measure of the sensitivity along the intensive margin, we deÞne the compensated hours-of-work

elasticity with respect to the marginal net-of-tax wage

�

[(1 ) ]

(1 )
�

(17)

The sensitivity along the extensive margin is captured by a participation elasticity, deÞned

as the percentage change in the participation rate created by a one percentage change in the

average net-of-tax wage, i.e.

(� )

[(1 ) ]

(1 )

(� )
(18)

Notice that each elasticity is deÞned with respect to the net-of-tax price which is relevant for

the margin in question. For the purpose of empirical application, one should bear in mind

that both elasticities are compensated. However, this matters mostly for the hours-of-work

elasticity. In fact, for the participation elasticity, one can show that the compensated elasticity

is identical to the uncompensated elasticity as long as we are considering a change in wages

or taxes for workers only (such that (0 ) is constant). As shown in Appendix A, the reason
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for this result is that the derivative of the cut-o � (obtained from eqs 13 and 14) is the same

as the derivative of ¯ (obtained from eqs 4 and 5)

when non-participants are una ected. These derivatives are identical because out-of-work

consumption (�0 and 0, respectively) is constant in both cases, and due to the fact that changes

in optimal hours of work (� and , respectively) envelope out in the participation decision. This

insight is important, since it implies that participation elasticities estimated from tax-beneÞt

reform a ecting only workers (say the EITC) can be interpreted as compensated elasticities and

may be used as an input in the welfare analysis.

3.3 The Welfare Analysis of Tax Reform

To study the relationship between tax reform and e ciency, we derive the excess burden of

taxation. The excess burden on individual from a tax-beneÞt system is given by

( ) = ( ) (0 ) ( ) (19)

where ( ) denote expenditures at the existing tax-beneÞt system, (0 ) denote

expenditures in the absence of taxes and transfers, and ( ) denotes the net tax payment

of individual (at the compensated earnings level). The net tax payment of the individual

equals
³

� (·)
´
conditional on working ( � ) and (0 ) conditional on not working

( � ). This deÞnition of excess burden is based on equivalent variation since has been

deÞned as the utility level after the imposition of taxes.

The aggregate (expected) excess burden is equal to

=
X

=1

Z

0

[ ( ) (0 ) ( )] ( ) (20)

By using eq. (12) and the deÞnition of ( ), we may rewrite the aggregate excess burden

to

=
X

=1

Z �

0

³
( + )

³
� (·)

´´
( )

+

Z

�

( ( ) (0 )) ( )

Z

0

(0 ) ( ) (21)

To derive the consequences of a tax reform, we consider the e ect on of a marginal change

in the -parameter. Because of the envelope theorem, any changes in behavior induced by the
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reform does not a ect the expenditure functions. Thus, from eqs (9) and (11), the changes in

expenditures are given simply by the mechanical changes in taxes and beneÞts, ( ) =

( ) . Using this relationship, we may di erentiate eq. (21) to obtain

=
X

=1

"
�

(� ) + � (� )
#

(22)

where we have also used the deÞnition of the participation tax rate and the fact that

( + ) = ( ) at the threshold level � . This equation shows that the marginal

deadweight burden of tax reform is given by the e ect on government revenue from behavioral

responses. The expression reßects that the behavioral revenue e ect is related to the two dif-

ferent margins of labor supply response. The Þrst term captures the revenue e ect from the

change in the optimal hours of work for those who are working. The second term gives the

e ect on revenue brought about by the tax-induced change in labor force participation. While

second e ect on e ciency is related to the tax rate on labor force participation , the e ciency

e ect from changed working hours depends on the tax burden on the last dollar earned .6

The equality of the welfare e ect with the behavioral e ect on government revenue reßects

a general insight from models with no externalities besides those created by taxes and transfers.

In the present context, one should bear in mind that the model features no imperfections in

the labor market. Thus, since non-employment is voluntary, the marginal entrant is indi erent

between working and not working. If a small tax reform induces additional entry, the new

entrants obtain no Þrst-order utility gains, but they create a positive externality on everybody

else through the government budget. Likewise, the hours-of-work responses for those who em-

ployed create no direct utility gains, but they give rise to an externality through the government

budget.

The e ect of the reform on working hours may be obtained from the compensated labor

supply function, � ((1 ) ). The participation response depends on the change in the

threshold value � , which may be derived from total di erentiation of eqs (13) and (14). By

inserting the derivatives in (22) and using the elasticity deÞnitions (17) and (18), the marginal

6From the above expression, we may conÞrm that the welfare e ects from extensive reponses would disappear
within a convex framework, as pointed out in Section 4.1. In such framework, new entrants into the labor market

work inÞnitesimal hours, � 0. As a consequence, we have
³

�
´

(0 ) = � 0 for these

individuals. This would imply that the revenue e ect created by participation responses (the second term in eq.
22) equals zero to a Þrst order.
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excess burden in proportion to aggregate income may be written as (see Appendix B)

P
=1

� (� )
=
X

=1
1

· +
1

·

¸
(23)

where � (� )
³P

=1
� (� )

´
is the (expected) wage share of individual , and

where
( � ) (0 )

¸ ³
�
´
is the impact on the e ective average tax rate

(the participation tax) from the reform. The Þrst term in the above expression looks familiar,

since it reßects a classic Harberger-style formula for the marginal deadweight burden of taxation.

It shows that the welfare loss created on the intensive margin depends on the level of the

marginal tax rate, the change in the marginal tax rate due to the reform, and the elasticity

of hours of work. The second component in the expression reßects the deadweight loss due to

changed labor supply behavior along the extensive margin. This e ect is related to the level of

the participation tax rate, the change in the participation tax as well as the sensitivity of entry-

exit behavior as measured by the participation elasticity. Hence, the welfare e ects created on

the two margins of response may be expressed in similar ways, except that they are related to

di erent tax and elasticity parameters.

A priori one might have wondered whether the standard convex framework could be saved

by a reinterpretation of the labor supply elasticity. Following this interpretation, one would

introduce extensive responses into the framework simply by using estimates of the total labor

supply elasticity including both margins of response. The above analysis demonstrates that, in

general, this approach is not correct, since labor force participation is related to a di erent tax

wedge than are working hours. The analysis also shows that the size of the error made by the

conventional model depends on the degree to which the observed variation in aggregate labor

supply is concentrated on the extensive margin.

Having said that, it should be noted that there is one special case for which a reinterpretation

of the conventional model is valid. This is the case of a linear Negative Income Tax (NIT),

which grants a lump sum transfer to all individuals in the economy (participants and non-

participants) and then imposes a constant marginal tax rate on labor income, = . In

this case, the tax burden on labor market entry for individual becomes
³

�
´

(0 ) =

� , which implies a participation tax rate = . Moreover, if the tax reform is simply a

change of tax/transfer parameters within the framework of the NIT, we would have = .
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Inserting in eq. (23), we get

P
=1

� (� )
=
1

· ( + ) (24)

where
P

=1 and
P

=1 are weighted averages of individual elasticities. This

corresponds to a standard Harberger-type formula, with the intensive and extensive elasticities

being lumped in a total labor supply elasticity + .7

Although the above special case is interesting, its practical applicability is limited. It requires

that the entire tax and welfare system is a linear NIT, which is never satisÞed in reality. For

example, it does not apply to situations with gradual phase-out of beneÞts (as with cash beneÞts

and food stamps in the US) and/or if there are discontinuities in beneÞts (as with medicaid).

Nor will it apply if the income tax system involves in-work beneÞts like the EITC and/or

increasing marginal rate structures. Our empirical application will account for all these factors

in the simulation of tax wedges on the two margins.

4 Evaluating Tax Reforms: The Case of Single Mothers

4.1 Simulation Methodology

In this section, we apply the theoretical framework to evaluate the welfare e ects of four federal

tax reforms in the United States passed in 1986, 1990, 1993, and 2001. We focus on the case

of single mothers, because they experienced substantial tax changes and because empirical

evidence suggests strong participation responses. For each observation, we simulate the e ects

of actual changes in federal taxes due to the tax change. In this sense, our methodology di ers

from most numerical studies of tax reform which consider simple hypothetical reforms.8

Our simulation procedure consists of the following steps: ( ) We estimate participation

probabilities and earnings for each individual in a baseline year (usually the year prior to the

tax change). For nonparticipants, the imputation of earnings is necessary to calculate labor

income and tax liability if they choose to enter following a reform. To be consistent, we also

7 In this special case, it does not cause problems that the intensive and extensive elasticities were deÞned with
respect to di erent prices (marginal and average net-of-tax wages, respectively). With an NIT, the average and
marginal net wages are identical, i.e. (1 ) = (1 ) for .

8Papers considering hypothetical tax reforms include Browning and Johnson (1984), Ballard (1988), Triest
(1994), Browning (1995), Liebman (2002), and Immervoll et al. (2004). A recent paper by Preston and Walker
(1999), on the other hand, does consider actual policy reform. However, this is not a tax but a policy reform
in the United Kingdom a ecting the child support payments of absent fathers. Interestingly, their empirical
analysis allows for discrete participation responses.
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use imputed earnings for workers. The imputation of earnings is based on a simple earnings

regression, where we control for self-selection into the labor force using a propensity score

correction. The regression equation is speciÞed as:

log( ) = + � +

where is earned income (for the sample of workers), and represents demographic charac-

teristics, including age, education, age-education interactions, race, and state of residence. To

control for self-selection, we include the predicted probability of labor force participation � as

a regressor in the earnings equation. This probability is estimated from a Þrst-stage probit:

( = 1) = ( )

where is labor force participation and includes all demographic characteristics and the

number of children. Hence the selection term is identiÞed by the number of children.

( )Using predicted earnings, we simulate marginal and average tax rates, as well as changes

in federal tax rates implied by the reforms. Section 4.3 describes this imputation in detail.

( ) We simulate welfare beneÞts using our own beneÞt calculator, which incorporates the main

components of the welfare system (cash assistance, food stamps, and medicaid). Our beneÞt

calculator accounts for the main features of welfare, including the income-dependent reduction

rates, state, and number of dependent children. ( ) We calculate e ective marginal and average

tax rates for each individual (both baseline levels and reform-induced changes) from simulated

taxes and beneÞts. ( ) Finally, we compute welfare e ects based on assumed elasticities and

the formulae derived in Section 4.

Since the results from Section 4 were based on a small reform methodology, the computed

welfare e ects represent Þrst-order approximations to the true e ects. For each reform, we

evaluate the entire labor supply response at the pre-reform tax wedge. Since the reforms

under consideration reduced tax wedges, this method may overstate the size of the welfare

e ects somewhat.9 While the four tax reforms under consideration were substantial, it seems

unlikely that second-order e ects would signiÞcantly change our simulation results. Indeed,

even for TRA86, the total tax burden was reduced by less than 8 percent of wage income for

the population of single mothers.

9Of course, since we do welfare computations for each of the four reforms separately (changing the baseline
each time), all second-order e ects across reforms are accounted for. These second-order e ects are presumably
more important than second-order e ects within reforms.
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The big advantage of the small reform methodology is its simplicity and transparency. To

evaluate the reforms, we need only to estimate earnings and tax rates and to set elasticities

based on the empirical literature. In particular, we do not need to specify utility functions or

estimate (or calibrate) utility parameters. Our approach is therefore very nonstructural.

4.2 Data and Regression Results

The data for the simulations come from the 1986, 1991, 1994 and 2001 March Current Popula-

tion (CPS) Surveys. The March CPS is an annual demographic Þle of nearly 60,000 households,

with information on labor market and income outcomes for the previous year. Therefore, the

data we use are for tax years 1985, 1990, 1993 and 2000.

The CPS reports income and demographic information on households, families and individ-

uals. We note this fact because families and households may be di erent from the relevant unit

of observation for our exercise - the tax-Þling unit - if there are subfamilies (children and/or

grandchildren). We base our tax-Þling units on CPS families, and allocate subfamilies (both

related and unrelated) to separate tax-Þling units from the primary family. We consider any

member of the tax-Þling unit who is under the age of 19 (or less than 24 and a full-time stu-

dent) to be a dependent child for tax purposes. We also assume that any taxpayer with a child

meeting the age criteria also meets both the dependent child and EITC child requirements.

The sample includes unmarried females (widowed, divorced, and never-married) who are

between 18 and 49 years old and have children. It does not include older women, primarily to

avoid complications related to modeling retirement decisions. Nor does it include any female

who was ill or disabled, in the military, or reported herself retired during the previous year.

Finally, we exclude observations with negative earned income (due to negative self-employment

income), negative unearned income, or with positive earned income but zero hours of work.

The resulting sample sizes are in the range of 4,000 to 5,000 individuals across the years.

Summary statistics of the characteristics of the data (shown in Table A1) suggest that the

typical unmarried mother looks only slightly di erent from 1985 to 2000. While she is between

32 and 33.5 years old, she is clearly aging over the 15-year period, and has fewer children by the

end of the period. With high school education, her earnings amount to $7,922 in 1985 ($12,674

in 2000 dollars). Over time, she has slightly more education and a much higher earnings, due

primarily to more hours worked.
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Table A2 presents results for the Þrst-stage probits and the earnings regressions. The results

are very consistent for 1985, 1990 and 1993, and show that the propensity score adjustment

for selection into the labor market is signiÞcant in the earnings regressions. The propensity

score correction for selection into the labor force is quite a bit weaker in 2000, however. One

reasonable explanation of this Þnding could be the success of welfare reform in encouraging

mothers into the labor force. Nonetheless, we Þnd that distribution of predicted relative to

actual earnings looks similar for all years.

4.3 Tax and BeneÞt Calculations

This section describes our method of calculating tax and beneÞt parameters. To start, we

note that the appropriate measure of the tax wedge encompasses the entire e ect of behavioral

responses on revenue, and therefore must include all taxes and transfer (beneÞts). Our com-

putations of individual e ective tax rates include federal, state and payroll taxes, as well as

cash assistance, food stamps and medicaid. Individual tax rates are computed using predicted

earnings, CPS-measures of non-labor income (including social insurance beneÞts and unemploy-

ment insurance beneÞts) and demographic characteristics such as number of children and state

of residence. Because the CPS does not ask about itemized deductions, we make the reasonable

assumption that all female heads take the standard deduction.

The tax parameters for the sample of female heads are calculated using the Tax Simulation

Model (TAXSIM) of the National Bureau of Economic Research (NBER). To compute pre-

reform marginal and average tax rates on labor income,10 we use estimated earnings ( by ) and
other CPS-data relevant for tax liability ( ) TAXSIM calculates marginal tax rates as the tax

owed on an additional 10 cents of earnings, i.e. [ (b + 10 cents, ) (b )] (10 cents). It

also calculates total liabilities, which may be used to derive an average tax rate relevant for

participation. This average tax rate is deÞned as the di erence between tax liability at pre-

dicted earnings (b ) and at zero earnings (0 ) in proportion to predicted earnings, i.e.

[ (b ) (0 )] b
TAXSIM-generated tax rates do not include any transfer components. In the United States,

lower-income families are eligible to receive cash assistance from the Temporary Assistance to

10The prereform tax rates are calculated in the year where the reform was enacted, with the exception of
TRA86. For that reform, we use the previous year as baseline in order to account for the fact that people seemed
well informed by the changes due to all the public attention surrounding that reform.
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Needy Families (TANF), previously Aid to Families with Dependent Children (AFDC) program.

In addition, eligible families may receive in-kind beneÞts in the form of food vouchers (Food

Stamps) and health insurance (Medicaid). To incorporate beneÞts, we augment tax data from

TAXSIM with information on AFDC, Food Stamps and Medicaid. Because transfer programs

have di ering eligibility and beneÞt structures at the federal and state levels, we treat each

program separately. In particular, the beneÞt calculations account for the dependence of beneÞts

on the state of residence and on the number of dependent children.

Calculations of e ective average tax rates account for beneÞts lost with labor market entry,

including AFDC (TANF), Food Stamps, and Medicaid- if entry is predicted above the eligi-

bility threshold.- Where appropriate, calculations of e ective marginal tax rates account for

TANF/AFDC and Food Stamps beneÞt reduction rates. A concern that arises here is the bias

that occurs from less than 100 percent take-up of welfare beneÞts (see Mo tt, 1992). Because

not all eligibles receive beneÞts, our calculations as such would overestimate of �true� beneÞts

on average. To correct this bias we apply an �empirical� take-up rate, calculated from our CPS

data as the share of the eligible population that reports positive beneÞts during the year. We

apply a take-up rate of 54 percent, calculated using our 1993 March CPS data. This take-up

rate is consistent with empirical evidence in the welfare literature (Mo tt, 1992).

Table II reports sample means and standard deviations for the marginal and average tax

rates in the four pre-reform years (1985, 1990, 1993, 2000). The numbers illustrate the dramatic

changes in the tax treatment of single mothers. Most notable is the decline in the overall tax

burden �captured by the average tax rate� from 1985 to 2000. The beneÞt-adjusted average tax

rate drops from 57 percent to 32 percent over the period. The marginal tax rate shows a more

moderate and less systematic decline than the average tax rate. This pattern is not surprising

given the large expansions of the EITC during this period. An expansion of the EITC reduces

unambiguously the tax burden, whereas its impact on the marginal tax rate depends on the

distribution of individuals on the di erent income intervals of the EITC (phase-in, plateau, and

phase-out). The table also shows that accounting for beneÞts and transfers is fundementally

important. In fact, the pattern showing greater marginal than average tax rates is reversed

when the impact of beneÞts and transfers is included. We report as well tax ratios used in

the welfare calculations. These ratios are calculated for each individual as (1 ), where

denotes the marginal or average tax rate (beneÞt-inclusive) for the intensive or extensive
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margin.

In Table II, the changes in tax rates across the di erent pre-reform years reßect all changes

in the tax and welfare system taking place at the federal and state levels over the period, and

they incorporate as well any behavioral responses to these tax and beneÞt changes as well as

macro/time e ects on income variables. To isolate the impact of the federal tax reforms on

tax rates (exclusive of behavioral responses feeding back into tax liabilities), we measure the

di erence between imputed post-reform tax rates and pre-reform rates. The post-reform tax

rate is imputed by using federal tax rules applying after the reform have been fully phased in.

The post-reform years for the four tax acts we consider are 1988, 1993, 1996 and 2002. Using the

TAXSIM model, we combine post-reform federal tax rules with pre-reform earnings (adjusted

for inßation) to obtain new federal tax liabilities. The post-reform tax rates to be used in the

simulations are then constructed from the new federal taxes combined with the pre-reform state

taxes, payroll taxes and beneÞts.

Table II conÞrms that the decrease in e ective tax rates over the 15-year period has been

driven to a large extent by tax changes at the federal level. This was particularly the case for

the 1986 and 1993 reforms, which reduced the average tax rate by 8 and 13 percentage points,

respectively.

As a Þnal note, we point out the heterogeneous e ects of the tax laws on single mothers.

Substantial variation in the tax parameters is shown by the size of the standard deviation

of di erent tax rates. This heterogeneity highlights the need for using micro-simulations to

evaluate the tax reforms. Large errors may occur in more aggregate studies if there is substantial

correlation between earnings, tax rates and tax changes.

4.4 The Welfare E ects of Tax Reform

In this subsection, we present simulated welfare e ects for all four tax reforms. Our simulations

are based on assumptions about the elasticities along the two margins of labor supply response.

Given existing empirical evidence, we assume that participation is more elastic than hours

worked. In our benchmark scenario, we set the participation elasticity equal to 0 40 and the

(compensated) hours-of-work elasticity equal to 0 10, implying a total labor supply elasticity

equal to 0 50. Subsequently, we carry out a sensitivity analysis where we alter the size of the

total elasticity, as well as its composition.
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Table III summarizes the welfare e ects for all four reforms under the benchmark scenario.

The total welfare gain as a percentage of aggregate labor income is reported in column (3), and

can be decomposed into the e ect created along the intensive margin (column 1) and along the

extensive margin (column 2). We Þnd substantial welfare gains for all the reforms, especially for

the 1986 reform, which created a welfare gain of 7 09 percent of labor income. The e ects are

also high for the 1993 reform (2 33 percent), which contained the largest single expansion of the

EITC. For the 1990 and 2001 reforms, the welfare gains are not quite as large. But, as shown

in column (5), these reforms were also smaller in terms of the total tax cut for single mothers,

and this makes the welfare gains di cult to compare across reforms. To facilitate comparison,

we therefore report the welfare gain per dollar spent in column (6) and the extensive welfare

gain per dollar spent in column (7). These numbers conÞrm that TRA86 created much larger

e ciency gains than the other subsequent reforms.

For all four reforms, most of the total welfare gain is generated on the extensive margin.

While more than 3 4 of the gain from TRA86 is created by labor market entry, essentially all

of the positive e ect from OBRA90 is driven by labor force participation. For this reform, the

intensive welfare e ect is around zero because negative e ects in the phase-out region cancel

out positive e ects in the phase-in region of the EITC. For OBRA93, the welfare gain is a

result of the extensive margin dominating welfare losses created on the intensive margin. With

EGTRRA in 2001, the di erence between the intensive and extensive welfare e ects are less

pronounced. This occurs for two reasons. First, the 2000 tax cuts reduced average tax rates

only slightly. More interesting is that by 2000, previous reforms seem to have eliminated much

of the ine ciency along the extensive margin (cf. Section 5.3).

One might argue that our Þndings regarding the relative sizes of the extensive and intensive

welfare e ects were to be expected under the assumed elasticity scenario. Notice, however, that

the di erence between extensive and intensive welfare e ects cannot be explained exclusively by

elasticities, since the two kinds of welfare e ects are related in di erent ways to the tax-transfer

system. For example, for the tax act of 1990, increasing the hours-of-work elasticity would

leave the intensive welfare e ect more or less unchanged since the losses in the phase-out region

would continue to cancel out the gains created in the phase-in region. For OBRA93, increasing

the intensive elasticity would simply exacerbate the welfare loss along that margin, thereby

reinforcing the point regarding the di erence of welfare e ects along the two margins.
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Our Þnding that the extensive responses drive most of the welfare e ects for the four reforms

reinforces the relevance of this margin of labor supply. Having said that, one should be careful

not to conclude that the large extensive e ects reßect the size of the error committed by the

standard (convex) policy simulation. There are other important di erences. First, previous

studies considered hypothetical � typically quite crude � reforms. The error made by leaving

out the participation margin depends crucially on the details of the tax reform and the tax-

transfer system in place at the time of the reform. Second, it is not always clear how to interpret

elasticities used in the studies that do not model the participation margin. A common approach

in the literature was to set labor supply parameters based on total elasticities, hence ascribing all

of the extensive response to the intensive margin. We explore the consequences of this approach

in column (4), called �traditional� for lack of a better word. The numbers demonstrate clearly

the large error made by ascribing an empirical response to the wrong margin in policy analysis.

In fact, the error thus committed may be larger than ignoring the response altogether.

These errors reßect that the two margins of labor supply response depend on taxes and

transfers in di erent ways. While the intensive margin depends on the e ective marginal tax

rate, the extensive margin is related to the e ective average tax rate. By implication, the size

of the error depends crucially on the properties of the tax-transfer programs being analyzed.

For example, if one was to consider a change in a proportional tax rate, and if the existing

tax-transfer system is also proportional, lumping margins together would create no error in the

welfare analysis. Likewise, one would create no error in the case of a linear NIT system (cf.

Section 4.3). However, linear taxation is not a realistic description of the actual tax-transfer

policies which involve non-linearities as well as discontinuities. The discrepancy between the

numbers in columns (3) and (4) reßects the importance of these aspects for the welfare analysis.

In Table IV we explore the sensitivity of the results to alternative elasticity assumptions.

The scenario considered above (�Middle�) is compared with �Low� and �High� scenarios to get a

range for the likely e ects. In the Low scenario, the intensive elasticity is set equal to 0 05

while the extensive elasticity is equal to 0 20, implying a total elasticity equal to 0 25. In

the High scenario, the intensive and extensive elasticities are 0 15 and 0 60, respectively, such

that the total elasticity is 0 75. Notice that the Low, Middle, and High scenarios all reßect the

same composition of labor supply responses, with the intensive elasticity being one-Þfth of the

total elasticity. Finally, we compare the Middle scenario to one with identical elasticities along
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the intensive and extensive margins ( = = 0 25). The Identical scenario has the same total

elasticity as the Middle scenario (0 50) so as to isolate the e ect of composition.

As we would expect, the size of the welfare e ect is quite sensitive to the size of elasticities.

From the welfare theory, we know that the sensitivity of marginal excess burden functions with

respect to elasticities depends on the level of tax rates at the time of the implementation of

the reform. The higher the initial tax rate, the greater the sensitivity of the results to the

elasticities. Therefore, one would expect the sensitivity to be highest for the 1986 reform. To

see that this is indeed the case, one should compare the welfare gains per dollar spent across

reforms to account for the di erent sizes in the revenue costs. For TRA86, it is interesting to

note that a total elasticity of 0 75 � not out of bounds of the empirical estimates � implies La er

curve e ects. In this scenario, the large tax reductions granted to single mothers were recouped

entirely from the labor supply responses created by the reform.

An advantage of our approach is that it allows a sensitivity analysis with respect to the

composition of the total elasticity, not just its size. The results in Table IV demonstrate very

clearly that welfare e ects may be very sensitive to the composition of the elasticity. The

sensitivity will be especially high for reforms that a ect the two margins of response in very

di erent ways. In particular, this was the case for OBRA90 and OBRA93 which introduced

big improvements in the returns to entry from the EITC, while at the same time worsening

the incentives along the intensive margin for many people due to the phase-out of the credit.

Consequently, the composition of the elasticity becomes crucial for the welfare e ects of these

two reforms. For the 1993 reform, changing the benchmark composition ( = 0 10; = 0 40)

to one with identical elasticities ( = = 0 25) reduces the welfare gain from 2 33 percent of

labor income to 0 79 percent. This reduction in the welfare gain is quite a bit larger than what

would be obtained by halving the total labor supply elasticity without changing composition,

i.e., going from the Middle scenario to the Low scenario.

Despite the sensitivity of the results with respect to both size and composition of the elas-

ticity, Table IV displays signiÞcant gains across all elasticity scenarios and for all four reforms.

In every scenario, the welfare gain per dollar spent is larger than one. This implies that the

tax cuts to single mothers are generating pure e ciency gains. That is, if one were to Þnance

the tax cuts through lump sum taxation, which involves a marginal cost of funds (MCF) less
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than or equal to one, the reforms would increase aggregate utilitarian welfare.11 In reality, the

EITC is Þnanced, not by lump sum taxes, but through higher distortionary taxes on middle-

and high-income earners, which implies a marginal cost of funds above one. For the EITC to

create e ciency gains in this case, the marginal cost of funds would have to be lower than the

welfare gains per dollar spent reported in the table. This is di cult to say something about

because MCF estimates are highly sensitive to the design of the tax increases (Browning, 1987;

Dahlby, 1998). In the Liebman (2002) study of the EITC, it is assumed that MCF is 1 5, a value

which is quite high given the existing estimates. In our benchmark scenario, this number would

imply that the tax cuts to single mothers are creating pure e ciency gains for the 1986, 1990,

and 2001 reforms, while the 1993 reform is close to a break even. These are strong results since

they indicate that one does not even have to rely on higher social welfare weights for the EITC

recipients (single mothers) than for the rest of population to justify the reforms. By contrast,

Liebman (2002) Þnds that the EITC is creating deadweight losses in all his scenarios.

To explore the role of heterogeneity for the results, Tables V through VIII show tax/beneÞt

parameters and welfare e ects by earnings groups for the four reforms. In each table, the

grouping of individuals is made according to the income ranges in the EITC program (phase-in,

plateau, phase-out and beyond) prevailing at the time of the implementation of the reform. The

disaggregation is based on predicted earnings from the regression described in Section 5.2.

A general conclusion emerging from the four tables is that the total welfare gains are gener-

ated mostly in the phase-out interval (although not for the 1993 reform). To be more precise,

the e ects are created by the extensive responses of individuals with predicted earnings in the

pre-reform phase-out interval. For the 1986 reform, 43% of the total welfare gain is driven by

this e ect, while for the 1990 and 2001 reforms the share is more than half. These results are

easily grasped by recalling that welfare e ects reßect behavioral e ects on government revenue,

and are therefore positively related to levels of tax rates, reductions of tax rates and predicted

earnings shares. If all these magnitudes are large for a certain income group and for a given

margin of labor supply response, the welfare e ects will be large for this group on that margin.

This applies for example to TRA86 where the phase-out group faced high average tax rates

prior to the reform (58%), got large reductions in these rates (10%-points), and constituted a

11The marginal cost of funds for lump sum taxation is generally below 1 because, assuming that leisure is a
normal good, such taxes make individuals work more (Ballard and Fullerton, 1992). In the absence of income
e ects (quasi-linear utility), the marginal cost of funds is exactly 1.
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large share of predicted earnings (46%). These factors correlated so as to create an extensive

welfare e ect for the phase-out group equal to 3 07 percent of the 7 09 percent total.

The disaggregated tables show that the extensive-welfare e ects are positive for all income

groups across all four reforms. The intensive-welfare e ects, however, are negative for the

phaseout group after OBRA90 and OBRA93, reßecting the higher phaseout rate introduced

by these reforms. We also obtain negative intensive e ects for the highest-earnings group

in 1990 and 1993 as well as for the plateau group in 1993. This occurs because the reforms

expanded the phase-out region for the EITC (both in size and the associated tax rate), combined

with the fact that we group individuals according to pre-reform EITC intervals. In the 1993

reform, the negative intensive-welfare e ects due to the expanded phaseout region dominate

the positive intensive-welfare e ects created by the expanded phase-in region. This may seem

surprising given the very large increases in the subsidy rate introduced by this reform. Indeed,

as Table II shows, the population of single mothers as a whole got lower e ective marginal tax

rates following the 1993 reform. These marginal rate reductions were relatively unimportant

for e ciency because they were granted at very low wage levels, where only small behavioral

revenue e ects can occur. Indeed, Table VII shows that the phase-in group constituted a very

small proportion of aggregate earnings at the time of the 1993 reform.

5 Concluding Remarks

This paper has examined the welfare e ects of tax reform in the United States using a welfare

theoretic model incorporating both the intensive and the extensive margins of labor supply.

We Þnd that large e ciency gains have been generated by the participation responses of single

mothers. The welfare gains per dollar spent are substantially larger than one for all reforms and

all elasticity scenarios, implying that the tax cuts have created pure e ciency gains. These pure

gains suggest that the tax cuts could potentially be justiÞed even with distortionary Þnancing

and without incorporating social welfare weights that are higher for single mothers than for the

rest of the population.

This paper has made explicit the ineed to distinguish explicitly between labor supply re-

sponses along the intensive and extensive margins, and to account for the di erence between

the associated tax wedges. Because the welfare e ects created on the two margins are related
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to di erent tax rates and di erent tax rate changes, the composition of the labor supply elas-

ticity becomes crucial for the e ects of tax reform. Recent empirical literature has reinforced

the view that participation responses are larger than hours-of-work responses. Recent papers

on the e ect of marginal tax rates on taxable income suggest that intensive responses may be

important once they are interpreted more broadly than hours worked (Feldstein, 1995). Our

study demonstrates the need for empirical research to pin down the composition of the labor

supply elasticity into the two types of response.

Related to our work is Liebman (2002), which examines the optimal design of the EITC in

a micro-simulation model incorporating Þxed work costs and participation e ects. Our analysis

di ers in several respects, however. First, we formulate an explicit welfare theoretic framework

showing the exact role of labor supply elasticities and tax wedges along the two margins of

response in the creation of e ciency gains and losses. The transparency of our framework

makes it easy to study the role of the composition of the labor supply elasticity. Second, we

analyze actual reform, while Liebman considers hypothetical EITC changes and optimal design.

Finally, the Liebman study is based on a simpliÞed approximation of the tax-beneÞt positions of

individuals, whereas we incorporate more fully all the major beneÞts a ecting the participation

and hours of work tax wedges. These di erences together generate welfare e ects that are much

more favorable than those by Liebman.

Recent work by Fullerton and Gan (2004) argues for the importance of incorporating the

stochastic nature of estimated labor supply models directly when calculating the welfare e ect

of tax changes. The expected welfare e ect from a tax change (accounting for the uncertainty

about the location on the budget set) will be di erent from the welfare cost at the expected point,

due to the fact that welfare cost functions are convex in tax rates. Our empirical application

followed the standard approach to use point estimates, and hence did not incorporate this

uncertainty in the welfare analysis. Moreover, it is interesting that the Fullerton-Gan framework

incorporates discrete labor supply choices along both the intensive and extensive margins. Yet,

their empirical applications exclude the participation margin by looking at married women

working full time. Our main concern has instead been with the participation response which

we believe is more important, especially for the population of single mothers.

Although our paper has focused exclusively on tax reform in the United States, the results

may carry implications for welfare reform in other countries as well. In particular, many Euro-
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pean countries are characterized by large taxes and transfers creating signiÞcant disincentives

to labor market entry for low-wage earners. The Þndings of Immervoll et al. (2004) show

these distortions, and suggest that in-work beneÞts may be good policy to alleviate work dis-

tortions. Indeed, a number of European countries, including the United Kingdom and France,

have introduced various forms of in-work beneÞts.

A Derivation of Compensated and Uncompensated Participa-
tion Elasticities

In this appendix, we relate the compensated participation elasticity deÞned in eq. (18) to the

primitives of the model. This relationship is important for the derivation of the marginal excess

burden of taxation in Appendix B. In addition, we prove that the uncompensated participation

elasticity is equal to the compensated elasticity as long as we consider a change in the price of

participation, (1 ) , which keeps the tax-transfer position of a non-participant, (0 ),

Þxed. That is, the change in the price of participation is generated by a change in the wage or

tax-transfer payment for workers.

The deÞnition of the participation elasticity in eq. (18) may be written as

= (� )
�

[(1 ) ]

(1 )

(� )
(25)

which relates the elasticity to the change in the Þxed cost cut-o value. The change in the

cut-o value may be found by di erentiating eqs (13) and (14) which gives

�

[(1 ) ]
= (1 )

�

[(1 ) ]
+ � (26)

�

[(1 ) ]
=

³
� �

´

�

�

[(1 ) ]
+

³
� �

´

�

�

[(1 ) ]
(27)

where we have used eq. (10) implying that the consumption level of a non-participant is Þxed.

By substituting (26) into (27) and using the Þrst-order condition (8), we obtain the change in

the Þxed cost cut-o :

�

[(1 ) ]
=

³
� �

´

�
� (28)
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After inserting this relationship into the deÞnition (25), we have the following expression for

the participation elasticity

=
(� )

(� )

³
� �

´

�
(1 ) � (29)

This relationship is used in the derivation of the marginal excess burden of taxation in Appendix

B.

To compare the compensated and uncompensated participation elasticities, notice that the

uncompensated elasticity may be obtained from the deÞnition (25) by replacing the compensated

change in the Þxed cost threshold, � , with the uncompensated change, ¯ . The uncompen-

sated change in the threshold may be found by di erentiating eqs (4) and (5) with respect to

(1 ) . This gives

[(1 ) ]
= (1 )

[(1 ) ]
+ (30)

¯

[(1 ) ]
=

( )

[(1 ) ]
+

( )

[(1 ) ]
(31)

where we have assumed that 0 = (0 ) is Þxed, i.e., the change in the price of participation

is generated by a change in the wage or tax-transfer payment for workers. After substituting

(30) into (31) and using the Þrst-order condition (3), we obtain

¯

[(1 ) ]
=

( )

This uncompensated change in the Þxed cost threshold is equal to the compensated change in

eq. (28) because both changes are evaluated at the actual utility level where ( ) =
³
� �

´
.

Thus, the uncompensated participation elasticity is equal to the compensated elasticity as long

as we are considering a change in (1 ) , which is generated by a change in the wage or

tax-transfer payment for workers.

B Derivation of the Marginal Excess Burden in Eq. (23)

We start by deriving the e ect of the reform on the number of working hours, � , and on

the labor market participation rate, (� ) . The impact on the number of working hours is

found by di erentiating the compensated labor supply function � ((1 ) ). This gives

�
=

� ((1 ) )

[(1 ) ]
=

1

1
� · (32)
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where the last equality follows from the deÞnition of the hours-elasticity in eq. (17).

To derive the impact on labor market participation, we Þrst analyze how the Þxed cost cut-

o value is a ected by the reform. The change in the cut-o may be found by di erentiating

eqs (13) and (14) which gives

�
= (1 )

�
� (33)

�
=

³
� �

´

�

�
+

³
� �

´

�

�
(34)

where we have used eq. (10) and the deÞnition
h

( ) (0 )
i
( ). By

substituting (33) into (34) and using the Þrst-order condition (8), we obtain

�
=

³
� �

´

�
�

This change in the Þxed cost threshold may be converted into a change in the participation rate

through the relationship (� ) = (� ) · � . This implies

(� )
= (� )

³
� �

´

� =
1

1
(� ) · (35)

where the last equality follows from the relationship (29).

Finally, the expression for the marginal excess burden in (23) may be obtained by substi-

tuting eqs (32) and (35) into (22) and dividing by aggregate labor income. QED.
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TABLE 1
FEDERAL INCOME TAX AND EITC PARAMETERS, 1984-2002

Year

Federal Income Tax Parameters EITC Param eters

[lowest, highest
marginal tax rate)]

(number of
brackets)

Personal Exemption,
Standard Deductiona/, b/

Phase-In
Rate

Maximum Credit Phase-Out
Rate

Maximum
Earnings

(family with one child; family two or more children)

1984 [0.000; 0.500] $1,000 ; $0 0.100 $500 0.125 $10,000

1985 [0.000; 0.500] $1,040 ; $0 0.110 $550 0.122 $11,000

1986 [0.000;  0.500] $1,080 ; $0 0.110 $550 0.122 $11,000

TRA86

1987 [0.110; 0.390] (5) $1,900 ; $2,540 0.140 $851 0.100 $15,432

1988 [0.150; 0.330] (2) $1,950 ; $4,400 0.140 $874 0.100 $18,576

1989 [0.150; 0.330] (2) $2,000 ; $4,550 0.140 $910 0.100 $19,340

1990 [0.150; 0.330] (2) $2,050 ; $4,750 0.140 $953 0.100 $20,264

OBRA90
c/

1991 [0.150; 0.310] (3) $2,150 ; $5,000 0.167; 0.173 $1,192; $1,235 0.119; 0.124 $21,250

1992 [0.150; 0.310] (3) $2,300 ; $5,250 0.176; 0.184 $1,324; $1,384 0.126; 0.130 $22,370

1993 [0.150; 0.396] (5) $2,350 ; $5,450 0.185; 0.195 $1,434; $1,511 0.132; 0.139 $23,050

OBRA93
d/

1994 [0.150; 0.396] (5) $2,450 ; $5,600 0.263; 0.300 $2,038; $2,526 0.160; 0.177 $23,755; $25,296

1995 [0.150; 0.396] (5) $2,500 ; $5,750 0.340; 0.360 $2,094; $3,110 0.160; 0.202 $24,396; $26,673

1996 [0.150; 0.396] (5) $2,550 ; $5,900 0.340; 0.400 $2,152; $3,556  0.160; 0.211 $25,078; $28, 495

1997 [0.150; 0.396] (5) $2,650 ; $6,050 0.340; 0.400 $2,210; $3,656 0.160; 0.211 $25,750; $29,290

2000 [0.150;0.391] (5) $2,900; $6,650 0.340; 0.400 $2,353; $3,888 0.160; 0.211 $27,450; $31,152

EGTRRA2001

2001 [0.100; 0.386] (5) $3,000 ; $6,900 0.263; 0.300 $2,428; $4,008 0.160; 0.211 $28,250; $32,100

2002 [0.100; 0.386] (6) $3,050 ; $7,000 0.340; 0.360 $2,547; $4,204 0.160; 0.211 $30,200; $33,150

a/ The standard deductions are given for head of household tax return.
b/ In 1984-1986, there were no standard deductions because of the zero bracket. The 15 brackets include the zero bracket.
c/ Basic EITC only.  Does not include supplemental young child credit or health insurance credit.
d/ Introduced a small benefit for taxpayers with no qualifying children, phased-in at 0.0765 up to a maximum credit of $306.

Source: The Green Book and authors' calculations from Internal Revenue Service (IRS) forms and publications.
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Total Intensive  Extensive Total "Traditional"

1986 reform

Low 0.05 0.20 0.25 0.82 2.73 3.54 4.09 1.81

Middle 0.10 0.40 0.50 1.64 5.45 7.09 8.19 9.38

High 0.15 0.60 0.75 2.46 8.18 10.63 12.28 Laffer

Identical 0.25 0.25 0.50 4.09 3.41 7.50 8.19 18.27

1990 reform

Low 0.05 0.20 0.25 0.01 0.96 0.97 0.06 1.28

Middle 0.10 0.40 0.50 0.02 1.91 1.94 0.11 1.76

High 0.15 0.60 0.75 0.03 2.87 2.91 0.17 2.85

Identical 0.25 0.25 0.50 0.06 1.20 1.25 0.11 1.39

1993 reform

Low 0.05 0.20 0.25 -0.18 1.34 1.16 -0.89 1.17

Middle 0.10 0.40 0.50 -0.36 2.68 2.33 -1.78 1.42

High 0.15 0.60 0.75 -0.53 4.02 3.49 -2.67 1.79

Identical 0.25 0.25 0.50 -0.89 1.68 0.79 -1.78 1.11

2001 reform

Low 0.05 0.20 0.25 0.17 0.39 0.56 0.86 1.26

Middle 0.10 0.40 0.50 0.35 0.78 1.12 1.73 1.69

High 0.15 0.60 0.75 0.52 1.17 1.68 2.59 2.57

Identical 0.25 0.25 0.50 0.86 0.49 1.35 1.73 1.96

TABLE IV

Different scenarios for the size and composition of elasticities

Welfare effects from the changed taxation of single mothers

Note: The welfare gain is measured in percentage of wage income and is calculated using equation (23) in the text. The parameter

e denotes the hours-of-work elasticity with respect to the net-wage, while h is the participation elasticity with respect to the net-

income gain of participation. The total welfare gain is calculated as the sum of the intensive and extensive gains. The "traditional"

welfare gain is calculated assuming that the total labor supply elasticity is entirely along the intensive margin. The welfare gain per 

dollar spent equals RTB/(RTB-EG) where EG is the efficiency gain and RTB is the reduction in tax burden in Table II. A Laffer 

curve effect arises if EG>RTB implying that the reduction in tax burden creates a net-tax revenue. Data come from the March 

Current Population Survey.

Welfare gain

per $ spent

The welfare gain from tax reform  Elasticity scenario



Group shares

Population 0.34 0.14 0.37 0.15 1.00

Wage income 0.10 0.09 0.46 0.35 1.00

Tax/benefit parameters

Marginal tax rate 0.52 0.54 0.52 0.38 0.50

Average tax rate 0.55 0.54 0.58 0.59 0.57

Change in marginal tax rate -0.05 -0.11 -0.07 0.01 -0.06

Change in average tax rate -0.06 -0.08 -0.10 -0.06 -0.08

Welfare gain

Intensive 0.08 0.34 1.19 0.02 1.64

Extensive 0.31 0.40 3.07 1.67 5.45

Total 0.40 0.74 4.26 1.69 7.09

TABLE V

Tax/benefit parameters and welfare effects by income groups: 1986 reform

Hours-of-work elasticity equal to 0.1 and participation elasticity equal to 0.4

AggregatePhase-out BeyondPhase-in

<5000

Plateau

5000-6500

Note: The marginal tax rate and the average tax rate incorporate benefits. See notes to Table II and III for explanation of 

calculations. The decomposition into different income groups is determined by the income thresholds in the Earned Income 

Tax Credit in 1985. Data come from the March Current Population Survey.

6500-11000 >11000



Group shares

Population 0.34 0.28 0.33 0.04 1.00

Wage income 0.12 0.24 0.51 0.13 1.00

Tax/benefit parameters

Marginal tax rate 0.43 0.41 0.45 0.35 0.43

Average tax rate 0.50 0.45 0.52 0.50 0.49

Change in marginal tax rate -0.05 -0.01 0.01 0.01 -0.02

Change in average tax rate -0.07 -0.06 -0.04 -0.02 -0.05

Welfare gain

Intensive 0.05 0.02 -0.04 -0.01 0.02

Extensive 0.30 0.52 0.98 0.11 1.91

Total 0.35 0.54 0.94 0.11 1.94

Hours-of-work elasticity equal to 0.1 and participation elasticity equal to 0.4

Tax/benefit parameters and welfare effects by income groups: 1990 reform

TABLE VI

AggregatePhase-out

Note: The marginal tax rate and the average tax rate incorporate benefits. See notes to Table II and III for explanation of 

calculations. The decomposition into different income groups is determined by the income thresholds in the Earned Income 

Tax Credit in 1990. Data come from the March Current Population Survey.

10730-20264

Beyond

>20264

Phase-in

<6810

Plateau

6810-10730



Group shares

Population 0.41 0.28 0.27 0.04 1.00

Wage income 0.14 0.25 0.46 0.15 1.00

Tax/benefit parameters

Marginal tax rate 0.36 0.41 0.59 0.48 0.44

Average tax rate 0.44 0.40 0.51 0.54 0.46

Change in marginal tax rate -0.14 0.04 0.05 0.03 -0.04

Change in average tax rate -0.19 -0.13 -0.05 -0.02 -0.13

Welfare gain

Intensive 0.11 -0.11 -0.32 -0.04 -0.36

Extensive 0.80 0.88 0.88 0.11 2.68

Total 0.91 0.77 0.57 0.07 2.33

>23050

Aggregate

Note: The marginal tax rate and the average tax rate incorporate benefits. See notes to Table II and III for explanation of 

calculations. The decomposition into different income groups is determined by the income thresholds in the Earned Income 

Tax Credit in 1993. Data come from the March Current Population Survey.

<7750 7750-12200 12200-23050

TABLE VII

Tax/benefit parameters and welfare effects by income groups: 1993 reform

Hours-of-work elasticity equal to 0.1 and participation elasticity equal to 0.4

Phase-in Plateau Phase-out Beyond



Group shares

Population 0.13 0.32 0.48 0.07 1.00

Wage income 0.04 0.21 0.58 0.17 1.00

Tax/benefit parameters

Marginal tax rate 0.14 0.27 0.50 0.40 0.37

Average tax rate 0.24 0.21 0.39 0.48 0.32

Change in marginal tax rate 0.00 -0.05 -0.04 0.00 -0.03

Change in average tax rate -0.01 -0.01 -0.03 -0.03 -0.02

Welfare gains

Intensive 0.00 0.09 0.25 0.01 0.35

Extensive 0.00 0.04 0.57 0.17 0.78

Total 0.01 0.13 0.82 0.17 1.12

TABLE VIII

Tax/benefit parameters and welfare effects by income groups: 2001 reform

Hours-of-work elasticity equal to 0.1 and participation elasticity equal to 0.4

Note: The marginal tax rate and the average tax rate incorporate benefits. See notes to Table II and III for explanation of 

calculations. The decomposition into different income groups is determined by the income thresholds in the Earned Income 

Tax Credit in 2000. Data come from the March Current Population Survey.

Beyond

>27413

AggregatePhase-in

<6950

Plateau

6950-12700

Phase-out

12700-27413
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TABLE A2
Regression Results: Participation and Earnings

1986 reform

Labor Force Participation regression

Probit estimates                                  Number of obs   =    6888190
                                                  LR chi2(11)     = 1322132.76
                                                  Prob > chi2     =     0.0000
Log likelihood = -3502860.5                       Pseudo R2       =     0.1588

------------------------------------------------------------------------------
         lfp |      Coef.   Std. Err.      z    P>|z|     [95% Conf. Interval]
-------------+----------------------------------------------------------------
         age |    .100363   .0007131   140.74   0.000     .0989653    .1017606
        age2 |  -.0009958   8.75e-06  -113.78   0.000    -.0010129   -.0009786
        educ |  -.0326941   .0017663   -18.51   0.000     -.036156   -.0292323
       educ2 |   .0092952   .0000564   164.91   0.000     .0091848    .0094057
      ageduc |  -.0001709   .0000336    -5.08   0.000    -.0002369    -.000105
       black |  -.0464158   .0084088    -5.52   0.000    -.0628968   -.0299349
      blkids |   .0080768   .0009979     8.09   0.000     .0061208    .0100327
       blked |  -.0170212   .0006191   -27.49   0.000    -.0182346   -.0158078
       other |  -.3735366   .0036722  -101.72   0.000     -.380734   -.3663393
   soi_state |   .0006975   .0000379    18.41   0.000     .0006232    .0007718
      dep_ex |   -.205423   .0006854  -299.73   0.000    -.2067663   -.2040797
       _cons |  -2.118159   .0187197  -113.15   0.000    -2.154849   -2.081469
------------------------------------------------------------------------------

Earnings regression

      Source |       SS       df       MS              Number of obs =    3171
-------------+------------------------------           F( 11,  3159) =   79.31
       Model |   1036.4298    11  94.2208905           Prob > F      =  0.0000
    Residual |  3752.97845  3159  1.18802737           R-squared     =  0.2164
-------------+------------------------------           Adj R-squared =  0.2137
       Total |  4789.40825  3170  1.51085434           Root MSE      =    1.09

------------------------------------------------------------------------------
       lwsal |      Coef.   Std. Err.      t    P>|t|     [95% Conf. Interval]
-------------+----------------------------------------------------------------
         age |   .1551467   .0304202     5.10   0.000     .0955014    .2147919
        age2 |  -.0024144   .0003398    -7.10   0.000    -.0030807    -.001748
        educ |   -.227591    .070526    -3.23   0.001    -.3658725   -.0893095
       educ2 |    .006363   .0017606     3.61   0.000      .002911     .009815
      ageduc |   .0023591   .0013261     1.78   0.075    -.0002409    .0049592
       black |  -.0158762   .3005006    -0.05   0.958    -.6050722    .5733198
      blkids |  -.0010131   .0415515    -0.02   0.981    -.0824836    .0804575
       blked |   .0005134   .0212621     0.02   0.981    -.0411755    .0422024
       other |   .1153353    .150329     0.77   0.443     -.179417    .4100877
   soi_state |  -.0003997   .0013238    -0.30   0.763    -.0029953    .0021958
     pscore_ |   2.136858   .3713173     5.75   0.000      1.40881    2.864905
       _cons |    5.72908   .7932551     7.22   0.000     4.173732    7.284427
------------------------------------------------------------------------------



TABLE A2 (continued)
Regression Results: Participation and Earnings

1990 reform

Labor Force Participation regression

Probit estimates                                  Number of obs   =    7697558
                                                  LR chi2(11)     = 1118939.77
                                                  Prob > chi2     =     0.0000
Log likelihood = -3972746.8                       Pseudo R2       =     0.1234

------------------------------------------------------------------------------
         lfp |      Coef.   Std. Err.      z    P>|z|     [95% Conf. Interval]
-------------+----------------------------------------------------------------
         age |   .1985912   .0006057   327.88   0.000     .1974041    .1997783
        age2 |  -.0027421   8.05e-06  -340.44   0.000    -.0027578   -.0027263
        educ |  -.0290811   .0014471   -20.10   0.000    -.0319174   -.0262449
       educ2 |   .0057689   .0000441   130.85   0.000     .0056825    .0058553
      ageduc |   .0003319   .0000287    11.58   0.000     .0002757     .000388
       black |  -1.114762   .0069065  -161.41   0.000    -1.128299   -1.101226
      blkids |   .0956398   .0010082    94.86   0.000     .0936638    .0976158
       blked |   .0564716    .000531   106.35   0.000     .0554309    .0575124
       other |  -.4249617   .0032331  -131.44   0.000    -.4312983    -.418625
   soi_state |   .0035257   .0000353    99.80   0.000     .0034564    .0035949
      dep_ex |  -.3111848   .0007396  -420.76   0.000    -.3126343   -.3097352
       _cons |  -2.852682   .0152682  -186.84   0.000    -2.882607   -2.822756
------------------------------------------------------------------------------

Earnings regression

      Source |       SS       df       MS              Number of obs =    3413
-------------+------------------------------           F( 11,  3401) =   87.67
       Model |  1006.82042    11  91.5291293           Prob > F      =  0.0000
    Residual |  3550.87589  3401  1.04406818           R-squared     =  0.2209
-------------+------------------------------           Adj R-squared =  0.2184
       Total |  4557.69631  3412  1.33578438           Root MSE      =  1.0218

------------------------------------------------------------------------------
       lwsal |      Coef.   Std. Err.      t    P>|t|     [95% Conf. Interval]
-------------+----------------------------------------------------------------
         age |   .0869962   .0268804     3.24   0.001     .0342929    .1396994
        age2 |  -.0010109   .0003514    -2.88   0.004    -.0016998    -.000322
        educ |    -.10515   .0513219    -2.05   0.041     -.205775   -.0045251
       educ2 |   .0042533   .0015201     2.80   0.005     .0012728    .0072338
      ageduc |   .0010441   .0011109     0.94   0.347     -.001134    .0032223
       black |   .4160736   .2604417     1.60   0.110    -.0945645    .9267116
      blkids |   .0025306   .0375368     0.07   0.946    -.0710663    .0761276
       blked |  -.0201895   .0194703    -1.04   0.300    -.0583642    .0179853
       other |   .1655153   .1347017     1.23   0.219     -.098589    .4296197
   soi_state |   -.003301   .0012106    -2.73   0.006    -.0056746   -.0009275
     pscore_ |   2.428893    .286549     8.48   0.000     1.867068    2.990719
       _cons |   5.759768   .5891339     9.78   0.000     4.604676     6.91486
------------------------------------------------------------------------------



TABLE A2 (continued)
Regression Results: Participation and Earnings

1993 reform

Labor Force Participation regression

Probit estimates                                  Number of obs   =    8538731
                                                  LR chi2(11)     = 1443084.74
                                                  Prob > chi2     =     0.0000
Log likelihood = -4503269.5                       Pseudo R2       =     0.1381

------------------------------------------------------------------------------
         lfp |      Coef.   Std. Err.      z    P>|z|     [95% Conf. Interval]
-------------+----------------------------------------------------------------
         age |   .1266517   .0011515   109.99   0.000     .1243948    .1289086
        age2 |  -.0013902   7.89e-06  -176.27   0.000    -.0014056   -.0013747
        educ |   -.143925   .0048696   -29.56   0.000    -.1534693   -.1343807
       educ2 |    .003978   .0000641    62.04   0.000     .0038523    .0041036
      ageduc |  -.0002299   .0000283    -8.12   0.000    -.0002854   -.0001744
       black |  -2.196535   .0205149  -107.07   0.000    -2.236743   -2.156326
      blkids |   .0419713   .0009506    44.15   0.000     .0401082    .0438344
       blked |    .048469   .0005206    93.10   0.000     .0474487    .0494894
       other |  -.2190059   .0027886   -78.54   0.000    -.2244714   -.2135404
   soi_state |   -.000225   .0000334    -6.73   0.000    -.0002906   -.0001595
      dep_ex |  -.2609567   .0006807  -383.35   0.000    -.2622909   -.2596225
       _cons |  -1.595385   .0962161   -16.58   0.000    -1.783965   -1.406805
------------------------------------------------------------------------------

Earnings regression

      Source |       SS       df       MS              Number of obs =    3443
-------------+------------------------------           F( 11,  3431) =  105.62
       Model |  1309.29393    11  119.026721           Prob > F      =  0.0000
    Residual |  3866.41976  3431  1.12690754           R-squared     =  0.2530
-------------+------------------------------           Adj R-squared =  0.2506
       Total |  5175.71369  3442  1.50369369           Root MSE      =  1.0616

------------------------------------------------------------------------------
       lwsal |      Coef.   Std. Err.      t    P>|t|     [95% Conf. Interval]
-------------+----------------------------------------------------------------
         age |   .1879569   .0505118     3.72   0.000     .0889206    .2869931
        age2 |  -.0019335   .0003225    -6.00   0.000    -.0025658   -.0013012
        educ |  -.5244171   .1804783    -2.91   0.004    -.8782729   -.1705613
       educ2 |   .0075207   .0022249     3.38   0.001     .0031583     .011883
      ageduc |  -.0006377   .0011985    -0.53   0.595    -.0029876    .0017123
       black |  -1.544264   .8457823    -1.83   0.068    -3.202552    .1140236
      blkids |   .1080429   .0425673     2.54   0.011     .0245831    .1915027
       blked |   .0366145   .0212444     1.72   0.085    -.0050385    .0782675
       other |   .2032427   .1124292     1.81   0.071    -.0171922    .4236776
   soi_state |   .0017185   .0012445     1.38   0.167    -.0007216    .0041585
     pscore_ |   2.325459   .3572392     6.51   0.000     1.625036    3.025882
       _cons |   13.11985   3.856597     3.40   0.001     5.558391    20.68131
------------------------------------------------------------------------------



TABLE A2 (continued)
Regression Results: Participation and Earnings

2000 reform

Labor Force Participation regression

Probit estimates                                  Number of obs   =    8747347
                                                  LR chi2(11)     =  482372.99
                                                  Prob > chi2     =     0.0000
Log likelihood = -3726673.6                       Pseudo R2       =     0.0608

------------------------------------------------------------------------------
         lfp |      Coef.   Std. Err.      z    P>|z|     [95% Conf. Interval]
-------------+----------------------------------------------------------------
         age |   .1329038   .0010957   121.29   0.000     .1307562    .1350514
        age2 |  -.0020411   8.09e-06  -252.22   0.000    -.0020569   -.0020252
        educ |   .1264333   .0046755    27.04   0.000     .1172695    .1355971
       educ2 |  -.0001484   .0000617    -2.41   0.016    -.0002692   -.0000275
      ageduc |      .0002   .0000274     7.31   0.000     .0001464    .0002537
       black |  -.6374429   .0214548   -29.71   0.000    -.6794935   -.5953923
      blkids |   .0588182   .0010556    55.72   0.000     .0567493    .0608871
       blked |   .0115386    .000543    21.25   0.000     .0104743    .0126029
       other |   .0452624   .0028656    15.80   0.000     .0396459    .0508789
   soi_state |   .0005917   .0000348    16.99   0.000     .0005234    .0006599
      dep_ex |  -.1204868   .0007097  -169.77   0.000    -.1218778   -.1190957
       _cons |   -5.79516   .0925205   -62.64   0.000    -5.976497   -5.613823
------------------------------------------------------------------------------

Earnings regression

      Source |       SS       df       MS              Number of obs =    3391
-------------+------------------------------           F( 11,  3379) =   87.21
       Model |  937.758361    11  85.2507601           Prob > F      =  0.0000
    Residual |  3303.04581  3379  .977521697           R-squared     =  0.2211
-------------+------------------------------           Adj R-squared =  0.2186
       Total |  4240.80417  3390  1.25097468           Root MSE      =   .9887

------------------------------------------------------------------------------
       lwsal |      Coef.   Std. Err.      t    P>|t|     [95% Conf. Interval]
-------------+----------------------------------------------------------------
         age |   .1051661   .0472112     2.23   0.026     .0126007    .1977315
        age2 |  -.0000904   .0004373    -0.21   0.836    -.0009478     .000767
        educ |  -1.020894   .2174203    -4.70   0.000    -1.447183   -.5946056
       educ2 |   .0139403   .0025876     5.39   0.000     .0088668    .0190138
      ageduc |   -.001783   .0010314    -1.73   0.084    -.0038052    .0002392
       black |  -.2439216   .7512342    -0.32   0.745    -1.716841    1.228998
      blkids |  -.0391123   .0306933    -1.27   0.203    -.0992917     .021067
       blked |   .0069457     .01878     0.37   0.712    -.0298755     .043767
       other |  -.1722138   .0918777    -1.87   0.061    -.3523553    .0079276
   soi_state |   .0001413   .0011479     0.12   0.902    -.0021092    .0023919
     pscore_ |   4.529073   .7909622     5.73   0.000      2.97826    6.079886
       _cons |   23.13251     4.4833     5.16   0.000     14.34225    31.92276
------------------------------------------------------------------------------


