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Labor Supply and Taxes: A Survey

I survey the male and female labor supply literatures, focusing on implications for
effects of wages and taxes. For males, I describe and contrast results from three basic
types of model: static models (especially those that account for nonlinear taxes), life-
cycle models with savings, and life-cycle models with both savings and human capi-
tal. For women, more important distinctions are whether models include fixed costs
of work, and whether they treat demographics like fertility and marriage (and human
capital) as exogenous or endogenous. The literature is characterized by considerable
controversy over the responsiveness of labor supply to changes in wages and taxes. At
least for males, it is fair to say that most economists believe labor supply elasticities
are small. But a sizable minority of studies that I examine obtain large values. Hence,
there is no clear consensus on this point. In fact, a simple average of Hicks elasticities
across all the studies I examine is 0.31. Several simulation studies have shown that such
a value is large enough to generate large efficiency costs of income taxation. For males,
I conclude that two factors drive many of the differences in results across studies. One
factor is use of direct versus ratio wage measures, with studies that use the former tend-
ing to find larger elasticities. Another factor is the failure of most studies to account for
human capztal returns to work experience. I argue that this may lead to downward bias
in elasticity estimates. In a model that includes Tman capital, I show how even modest
elasticities—as conventionally measured—can be consistent with large efficiency costs
of taxation. For women, in contrast, it is fair to say that most studies find large labor
supply elasticities, espeozally on the participation margin. In particular, I find that esti-
mates of “long-run” labor supply elasticities—by which I mean estimates that allow for
dynamic effects of wages on fertility, marriage, education and work experience—are
generally quite large. ( JEL D91, J13, J16, J22, 31, H24)

are many reasons why the topic is of such
great interest. One key reason is that under-
standing the responsiveness of labor supply
to after-tax wages and transfers is crucial

1. Introduction

he literature on labor supply is one of
the most extensive in economics. There
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for the effective design of tax/transfer sys-
tems, and for assessing the efficiency costs
of labor income taxation. Thus, it is not sur-
prising that much of the literature on labor
supply focuses on how taxes on labor earn-
ings affect peoples” decisions about hours of
work. Given the importance of this issue, I
will survey the labor supply literature with
a particular focus on what it implies about
the elasticity of labor supply with respect to
wages and taxes.!

Unfortunately, there is no clear consen-
sus on this issue. Indeed, the labor supply
literature is characterized by a number of
sharp controversies, many of which revolve
around the magnitudes of labor supply elas-
ticities, and the methods used to estimate
them. At least for men, it is fair to say that
the majority of studies find rather small elas-
ticities with respect to after-tax wage rates.
This, in turn, implies that efficiency costs
of distortionary income taxation are small.
But, as we'll see, a sizable minority of stud-
ies makes a strong case for larger elasticities.
I will admit up front that my sympathies are
with the minority group. My own judgment
is that many prior studies have obtained
male labor supply elasticities that are likely
biased toward zero. I will explain why I think
this is so, while at the same time attempting
to present as balanced a view of the litera-
ture as possible.

For women, in contrast, most studies
have found rather large labor supply elas-
ticities, especially on the participation mar-
gin. This is particularly true of studies that
allow for long-run dynamic effects of wages

ILabor supply elasticities also play a key role in busi-
ness cycle models, where they govern the extent to which
fluctuations in real wages over the cycle can explain move-
ments in hours and employment. Understanding labor
supply behavior is important in the design of public welfare
programs, where the goal is typically to provide income
support in such a way as to minimize work disincentives.
One could list other important applications.

on fertility, marriage, education, and work
experience.

To begin, section 2 gives a short summary
of the optimal tax literature to motivate why
labor supply elasticities are soimportant. Next,
section 3 describes standard models of labor
supply. I first discuss static models and then
dynamic (or life-cycle) models. I also derive
the three main elasticity concepts (Marshall,
Hicks, and Frisch). Section 4 discusses, in a
general way, some of the main econometric
problems that arise in attempting to estimate
labor supply models. This list is not meant to
be exhaustive, but rather to highlight the dif-
ficultly of the problem. Additional issues are
brought out in later sections.

Section 5 serves as a roadmap that links
the theoretical sections 2—4 with the specific
empirical papers that will be discussed in
sections 6-7. Given the size of the empirical
literature, it is helpful to begin with a fairly
comprehensive roadmap that outlines how
different papers seek to address the econo-
metric problems noted in section 4—as well
as various other problems that are also con-
sidered. As will become clear, no paper can
claim to do more than address a subset of
these problems. Thus, an understanding of
biases that are likely to result from ignoring
certain problems is crucial for interpreting
the literature.

Section 6 surveys empirical results on
male labor supply. It is divided into three
parts. Section 6.1 covers “static” models that
consider only choice of work hours but take
assets and human capital as given. Section
6.2 covers “life-cycle” models that incor-
porate saving. Section 6.3 covers life-cycle
models that also account for human capital
(and other sources of dynamics). Next, sec-
tion 7 surveys results on female labor supply.
Following Jacob Mincer (1962), I feel it is
harder to ignore life-cycle issues when con-
sidering female labor supply, so this section
is much more focused on life-cycle models.
Finally, section 8 concludes.
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2. Labor Supply and Optimal Taxation

One of the main reasons for interest in
labor supply elasticities is that they play a key
role in the design of tax systems. So, by way
of motivation, it is important to understand
why. Therefore, I'll start with a brief and
informal summary of the “optimal taxation”
literature, pioneered by James A. Mirrlees
(1971). The optimal tax literature starts with
two key problems: (1) government needs rev-
enue to pay for public goods (e.g., education,
health care, defense forces), income support
for the poor, and other desirable programs
and (2) the use of labor income taxation to
raise revenue causes people to work less.
This leads to a decline in overall economic
output (generating an efficiency loss).

There is clearly a trade-off between the
desirable government services that income
taxation can fund and the undesirable negative
impact of taxation on labor supply. Mirrlees
(1971) developed mathematical models of this
trade-off, and used them to derive optimal lev-
els of taxation and government spending. His
basic conclusion was that the efficiency costs
of taxation are greater to the extent that the
“shrinking pie” problem (2) is more severe.
The more elastic is labor supply to after-tax
wages, the lower is the optimal tax rate.

To give a concrete example, consider a
progressive income tax, and suppose we
want to choose the optimal tax rate for the
top income bracket. To simplify, assume the
top bracket is sufficiently high that govern-
ment (or society) places no value whatsoever
on an extra dollar of income for those people
in it. The government’s only goal is to raise
as much revenue from them as possible. In
this case, Emmanuel Saez, Joel Slemrod,
and Seth H. Giertz (2009) give the following
simple formula for the revenue maximizing
top bracket tax rate, which I denote 7:

_ 1
(1) TT1+a4- e

Here e is the labor supply elasticity (i.e., the
percent increase in labor supply that accom-
panies a 1 percent increase in the after-tax
wage rate w(l — 7), where w is the pretax
wage),E and « is the “Pareto parameter,”
an (inverse) measure of income dispersion
within the top bracket.

Specifically, a is defined as a = z,,/(z,, — 2),
where z is the income level where the top
bracket starts, and z,, is the average income of
people in the top bracket. For example, if the
top bracket starts at $500,000, and average
income in that bracket is $1,000,000, then
a=1/(1-0.5) = 2. In contrast, if average
income in the top bracket is $2,000,000
(implying more dispersion/inequality), we
would have a = 2/(2-0.5) = 1.33. As z,, — o0,
meaning inequality becomes extreme, a
approaches its lower bound of 1. From (1),
we see that the optimal top bracket rate
increases if there is more inequality in the
top bracket (i.e., a smaller value of a).

Quite a few papers have estimated the
Pareto parameter for many different coun-
tries using different points for the top
bracket cutoff. There is a great deal of con-
sistency in the estimates: it is generally found
that @ is stable and in the vicinity of 1.5 to
2 for income levels where the top bracket
rate would typically apply. For example,
Saez (2001) looks at U.S. tax return data
from 1992-93 and finds «a is stable at about
2 for income levels above $150,000, while
Anthony B. Atkinson, Thomas Piketty, and
Saez (2011) find « is around 1.5 in recent
years. For the United Kingdom, Michael
Brewer, Saez, and Andrew Shepard (2010)
report a value of 1.67.

Now, consider what equation (1) implies
for the optimal top bracket tax rate given

2At this point T abstract from the fact that there are
multiple definitions of the labor supply elasticity, depend-
ing on what is held fixed as wages vary. This is discussed in
the next section. Later we’ll see that, in a static model, it is
the Hicks elasticity concept that is relevant for determining
the optimal top bracket rate.
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TABLE 1
OPTIMAL ToP BRACKET TAX RATES FOR DIFFERENT LABOR SUPPLY ELASTICITIES

Labor supply Optimal top-bracket tax rate (1)

clasticity (¢) a =150 a =167 a =20
2.0 25% 23% 20%
1.0 40% 37% 33%
0.67 50% 47% 43%
0.5 57% 54% 50%
0.3 69% 67% 63%
0.2 T7% 75% 1%
0.1 87% 86% 83%
0.0 100% 100% 100%

Note: These rates assume the government places essentially no value on giving extra income to the top earners.

different values of the labor supply elasticity
e and the Pareto parameter a.

reveals quite strikingly how sensi-
tive the optimal top bracket tax rate is to the
labor supply elasticity. Take the a = 1.5 case.
If the elasticity is only 0.2, then the optimal
top rate is a very high 77 percent. But if the
elasticity is 2.0, the optimal top rate is only
25 percent.

Recall that assumes the govern-
ment places no value on additional income
for people in the top bracket: its only goal
is revenue extraction. Nevertheless, the
optimal top rate is generally below 100 per-
cent—otherwise there would be no incen-
tive to earn income above level z. The one
exception, as we see in is if labor sup-
ply is totally inelastic (¢ = 0). It is also worth
noting that, if government does place some
value on marginal income for high earners,
optimal top rates would be lower than those
presented in (see below).

For a flat rate tax system (i.e., a sys-
tem with no brackets, and a single flat rate
tax on all income starting at $0), we would

have z =0 and a = z,/z,, = 1. Then, if the
government’s goal is purely revenue maximi-
zation, equation (1) reduces to simply

2) =1/ + e).

It is also simple to derive (2) directly. Let
h denote hours of work, and assume that
In(h) =e -In(w(l — 7)), so e is the labor
supply elasticity. Then h = [w(l — 7)]".
Let R denote tax revenue. We have
R = (wh)r=w[w(l — 7)]°- 7. It is instruc-
tive to look at the derivative of R with
respect to 7, which is dR/d T = w[w(1 — 7)]°
— ew’[w(l — N]"' - 7. The first term, which
is positive, is the mechanical effect of the tax
increase, holding labor supply fixed. The sec-
ond term, which is negative, is the behavioral
effect: the loss in revenue due to reduced
labor supply. Setting this derivative equal to
zero and solving for the revenue maximizing
T gives equation (2).

Using equation (2), column 2
gives optimal (revenue maximizing) flat-tax
rates for different values of the labor supply
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TABLE 2
REVENUE MAXIMIZING FLAT TAX RATES GIVEN DIFFERENT LABOR SUPPLY ELASTICITIES

Elasticity (e) Optimal tax rate (7)

g=0 g=105
2.0 33% 20%
1.0 50% 33%
0.67 60% 43%
0.5 67% 50%
0.3 T7% 63%
0.2 83% 1%
0.1 91% 83%
0.0 100% 100%

elasticity e.! As in the optimal rate

falls sharply as the elasticity increases. For
instance, if ¢ = 0.5, the revenue maximiz-
ing flat rate is a very high 67 percent. But if
e = 2.0, the revenue-maximizing rate is only
33 percent.

places a value of g cents on a marginal dol-
lar of private after-tax income. Then Brewer,
Saez, and Shepard (2010) show that (1)
becomes 7=(1—-g)/(1-g+a- ) ! Given
a =1 and g = 0.5, we obtain the figures in

table 2] column 3. Not surprisingly, optimal
rprisingly, op

Note that, because «a is smaller in table g
than in (i.e., a = 1.0), the tax rates in
are generally higher. This may seem
surprising, as we are now considering a flat
rate tax, as opposed to a top bracket tax.
Recall, however, that models in the optimal
tax literature assume taxes are used largely to
finance inequality-reducing transfers. Under
the flat rate scheme, low to middle income
tax payers pay high rates but also receive
large transfers.

Now, suppose the government does not
only seek to maximize revenue. Instead, it

3T again abstract from the fact that there are multiple
labor supply elasticity concepts. As we'll see later, for a
flat rate tax the relevant concept depends on what is done
with tax revenue. In a static model where the revenue is
returned to the population via lump-sum transfers, it is
again the Hicks elasticity concept that is most relevant. But
if the revenue is used to finance public goods that do not
influence labor supply, it is the Marshallian elasticity con-
cept that is relevant.

tax rates fall. But more interesting is that
rates become even more sensitive to the

labor supply elasticity.

Both and R illustrate the key role of
labor supply elasticities in determining opti-
mal tax rates. With this background in mind,
I turn to a review of the empirical evidence
on the magnitudes of labor supply elastici-
ties. But before beginning it is worth giving
a brief summary of the discussion. It is fair
to say that, regardless of which of the various
definitions of the labor supply elasticity you
use, the majority of the economics profes-
sion—whether accurately or not—believes

4This formula assumes for simplicity that all govern-
ment revenue is used for redistribution (i.e., there is no
minimum tax needed to provide essential services). Note
that the same adjustment would apply to the top rate
formula if the government (or society) places a value of
¢ on a marginal dollar of income for a person in the top
bracket. Then. if society has egalitarian preferences, we
have 1 > g > 0.
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labor supply elasticities are fairly small (i.e.,
well below 0.50).

This majority view is summed up nicely in
arecent survey by Saez, Slemrod, and Giertz
(2009), who state: “. . . optimal progressiv-
ity of the tax-transfer system, as well as the
optimal size of the public sector, depend
(inversely) on the . . . elasticity of labor
supply. . . . With some exceptions, the pro-
fession has settled on a value for this elas-
ticity close to zero . . . In models with only
a labor-leisure choice, this implies that the
efficiency cost of taxing labor income . . . is
bound to be low as well.” This view implies,
for instance, that the optimal top-bracket
tax rate is toward the high end of the figures
given in

In sections 6-7 of this survey I will argue
there are important reasons to question
whether this majority view is really an accu-
rate reflection of the empirical evidence. As
a result, the efficiency cost of labor income
taxation may be higher than is conventionally
supposed. But first, I turn to an exposition of
basic labor supply models.

3. Basic Models of Labor Supply

Before discussing the empirical litera-
ture on labor supply, it is necessary to lay
out the theoretical framework on which it is
based. Labor supply models can be broadly
classified into two main types, static and
dynamic. There are many variations within
each type, but for our purposes this simple
division will prove useful.

3.1 The Basic Static Labor Supply Model

In the basic static model, utility in
period ¢ depends positively on consump-
tion C, and leisure.” Alternatively, it is often

5The definition of a “period” in labor supply models
is somewhat arbitrary. In empirical work it is often cho-
sen to be a year, although shorter periods are sometimes
examined.

convenient to write that utility depends neg-
atively on hours of work, h,. Consumption
is given by the static budget constraint C,
=w,/(1 — 1h, + N,, where w, is the (pretax)
wage rate, 7 is the tax rate on earnings, and
N, is nonlabor income.f

In order to give a concrete exposition of
the model it is useful to choose a particular
utility function. Furthermore, to facilitate
comparison of static versus dynamic mod-
els, it will be useful to exposit each using the
same utility function. The following utility
function is very commonly used in the litera-
ture on life-cycle models, primarily because
it is very convenient:

1+n
C

hi
_ﬂ[ >
1+ 1+~

(3) U =

n<0, 7y >0

Here, utility has a CRRA form in consump-
tion, and the disutility of labor is convex in
hours of work. The parameter f3, captures
tastes for leisure, which may change over time.
The reason (3) is so convenient is that, as we
will see below, the single parameter -y governs
the strength of substitution effects, while n
governs the strength of income effects.

In contrast to dynamic models, for static
models it is hard to point to a utility function
that s so generally used as (3). This is because
in static models it is often more convenient
to specify a labor supply function directly.
Indeed, it is a bit awkward to exposit the
static model using equation (3), but I think
this approach is justified by the comparabil-
ity so achieved.

The static model can be viewed as a spe-
cial case of a dynamic model where all inter-
temporal linkages have been shut down.

6So as to focus on earnings taxes, I ignore taxes on
nonlabor income. N, might be interpreted as after-tax
nonlabor income, or as a tax-free transfer. The key thing
is that we want to consider changes in 7 holding N fixed.
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First, workers do not borrow or save, so
current consumption is equal to current
after-tax income.! Second, human capi-
tal accumulation is ignored. That is, work-
ers decide how much labor to supply today
based only on today’s wage rate, not consid-
ering how today’s decisions may affect future
wages (e.g., via accumulation of work experi-
ence). Third, history dependence in prefer-
ences is ignored. Fourth, fertility, marriage
and other demographics are taken as given.
Alternatively, the static model can be viewed
as a special case of a dynamic model where
such intertemporal linkages do exist, but
where workers are myopic and ignore them
when deciding on current labor supply.

To solve the static model for optimal hours
of work, we use the budget constraint to sub-
stitute for C, in equation (3), and take the
derivative with respect to hours, obtaining

du,
dh,

(4) [w/(1 = Dhy + N, J"w,(1 + 7)

— Bh] = 0.

This can be reorganized into the familiar mar-
ginal rate of substitution (MRS) condition:

MUL(h)

MUC(h)

Bih{
[w(1 —71)h, + N,]"

(5) MRS =

= w1l — 7).

Equation (5), one of the most basic in eco-
nomics, says to choose hours so as to equate
the marginal rate of substitution between

7One consequence of this assumption is that the static
model has no explanation for the evolution of asset income.
Nonlabor income can only be sensibly interpreted as exog-
enous transfers.

8Given myopia, the worker has no reason to save for
the future, so all of current income is consumed and a
static budget constraint holds (even if saving is technically
possible).

consumption and leisure to the after-tax
wage, w,(1 — 7). Of course, the MRS is the
ratio of the marginal utility of leisure, §,h;
(the negative of the marginal disutility of
hours), to the marginal utility of consump-
tion, [w,(1 — 7h, + N,]".

Unfortunately, equation (5) does not give a
closed form solution for hours (this is presum-
ably why it has not been a popular choice in
the static literature). But by implicitly differ-
entiating (5) we obtain that the “Marshallian”
labor supply elasticity (also known as the
“uncompensated” or “total” elasticity), which

holds N, fixed. It is given by

©) _ Olnh, _1+n-S
o 8lnwit Ny o ’7—7’]8’
where S = wihy(l = 7)

w,h(1 — 1)+ N,

Here S is the share of earned income in total
income. If nonlabor income is a small share
of total income, then, to a good approxima-
tion, the Marshallian elasticity is simply
(I+n/(y—mn).

Next we use the Slutsky equation to
decompose the Marshallian elasticity into
separate substitution and income effects.
Recall that the Slutsky equation is

Oh _ Oh Oh
(7) %—awu-f—haN.

It is convenient to write the Slutsky equation
in elasticity form, so the Marshallian elas-
ticity appears on the left-hand side. So we
manipulate (7) to obtain

w Oh
h ow

) w Oh _

h Ow

wh
4 wh[N oh]

oh
N

==

u

The first term on the right is the “Hicks” or
“compensated” labor supply elasticity. The
second term is the income effect, which
equals the income elasticity times S/(1 — S).
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Again applying implicit differentiation to
(5), we obtain that the income elasticity is

Olnh, i
9) e = il = 1-§
O = N e =7 s
and hence the income effect is
. w,h, (1 —
(10) ie = %}fﬂe,
_ S Ui _
- 1-S 7777-S<1 5
n-S
= —— < 0.
y=n-S§

The income effect must be negative, asn < 0
and v > 0 (conditions required for diminish-
ing marginal utility of consumption and lei-
sure). If nonlabor income is a small share
of total income, so S~ 1, then, to a good
approximation, the income effect is simply
n/(y—mnk

It is intuitive that the magnitude of the
negative income effect is increasing in the
magnitude of the parameter 7). If 7 is a larger
negative number, then the marginal utility
of consumption diminishes more quickly as
consumption increases. Thus, the tendency
to reduce labor supply in response to an
increase in nonlabor income is greater.

Finally, using (6), (8), and (10), the Hicks
elasticity is simply given by

Olnh,
11 =_——"| =e¢—i
( ) en alnwit U ¢ ¢
1
y=n-S

91f S = 1, then the income elasticity ¢ is of course equal
to zero. (If N, = 0, then a one percent increase in zero is
still zero). But the income effect remains well defined, as
the result in (10) can also be obtained directly by implicit
differentiation of (5), rather than by using (8)—(9).

The Hicks elasticity must be positive, as
7 <0 and > 0. If nonlabor income is a
small share of total income, the Hicks elas-
ticity is approximately 1/(y — 7). Also note
that, because 1 < 0, the Hicks elasticity in
(11) must be greater than the Marshallian
elasticity in (6). The two approach each other
as n — 0, in which case there are no income
effects.1d

In the special case of N, =0, we can use
(5) to obtain the labor supply equation:

1+

(12) Inh, = vTZ In[w,(1 — 7)]

- 1
,y_nlnﬂ,.

From (12) we can see directly that the
Marshallian labor supply elasticity is given by

B O 1Inh, B
(13) e = dnw(l —7)

1+ 7
/A

Asn < 0and v > 0 the denominator in (13)
must be positive. But aside from this, eco-
nomic theory tells us little. It is possible for
the numerator to be negative if 7 < —1. Then
an increase in the wage reduces hours of
work. Several of the studies I review below
do find this. But most find 1 + 7 is small and
positive, so the Marshallian elasticity is also
small and positive.

It is instructive to note the income effect
ie in (8) can also be written as w(9h/ON) or
O(wh)/ON. For this reason, John H. Pencavel
(1986) called it the “marginal propensity to
earn.”

That is, the income effect can be inter-
preted as the effect of an increase in nonla-
bor income on labor income (i.e., given an
extra dollar of nonlabor income, how much

10 Much of the literature on optimal taxation assumes
away income effects to simplify the analysis (see Peter A.
Diamond 1998). But my review of the empirical literature
suggests this assumption is questionable.
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does a worker reduce his/her earnings?). As
Pencavel notes, if both leisure and the com-
posite consumption good (C,) are normal
goods, then ie must be between 0 and —1.
Indeed, we see from (10) that ie approaches
-1 as 7 < 0 goes to negative infinity. But
Pencavel (1986) argues that values of ie near
-1 are implausible. Introspection suggests
people would not react to an increase in non-
labor income by reducing hours so sharﬁly
that total consumption does not increase.

Knowledge of both the income and sub-
stitution effects of an after-tax wage change
is important for understanding the impact of
changes in tax and transfer policy. For exam-
ple, suppose we have a flat rate tax system
that is used to finance lump sum transfers to
all members of the population (i.e., a nega-
tive income tax (NIT) scheme). Further sup-
pose that we decide to increase the flat rate
tax rate and increase the grant level. This
policy discourages work in two ways. The
tax increase itself reduces the reward from
work, but the lump sum payments also dis-
courage work via the income effect. To a first
order approximation (ignoring heterogene-
ity in wages/earnings in the population) the
Hicks elasticity is the correct concept to use
in evaluating the labor supply effects of such
a policy change 2

I Note that if n < —1, income effects dominate substi-
tution effects, and the Marshallian elasticity turns negative.
Substituting 7 = —1 into (6) and assuming S ~ 1, we see
the income effect, or “marginal propensity to earn,” cannot
be less than —1/(1 + +) if the Marshallian elasticity is to be
positive. Note that a smaller y implies a stronger substitu-
tion effect.

12Aside  from population heterogeneity, another
approximation here is that I ignore the distinction between
“Slutsky compensation”—i.e., giving people enough of
a transfer that the original consumption bundle is still
feasible—and “Hicks compensation”—i.e., giving peo-
ple enough of a transfer that the original utility level is
maintained. For small policy changes, the two concepts
are approximately equivalent, and even for large policy
changes our elasticity estimates are probably not precise
enough to draw a meaningful distinction between the two.
Hence, I will generally ignore the distinction between
Hicks and Slutsky compensation in this article.

In contrast, suppose the revenue from
the increased income tax is used to finance
public goods that are additively separable in
(3). Then the negative effect on labor supply
is less, as the income effect from transfer-
ring the tax revenue back to the population
is avoided. The Marshallian elasticity is the
correct concept in this case.

Another key point is that in a progres-
sive tax system it can be shown (in the static
model) that effects of changes in tax rates
beyond the first bracket depend primarily on
the Hicks elasticity. Hence, efficiency costs
of progressive taxation are largely a function
of the Hicks elasticity as well. T discuss this
key point in much more detail in section 6.1.

3.2 The Basic Dynamic Model with Savings

The pioneering work by Thomas MaCurdy
(1981, 1983) and James J. Heckman and
MaCurdy (1980, 1982) introduced dynam-
ics into empirical labor supply models by
allowing for borrowing and lending across
periods. This model is commonly known as
the “life-cycle” model of labor supply. They
considered a multiperiod model, but in
order to emphasize the key points it is use-
ful to first consider a model with two periods
in the working life. Initially, I also assume
workers have perfect foresight (about future
wages, taxes, tastes, and nonlabor income).
As before, I will assume that the per period
utility function is given by equation (3).

The key change in the dynamic model
is that the first period budget constraint is
now C,=w1—m7)h; + N, +b, where
b is the net borrowing in period 1, while
Cy=wy(1 — ) hy + Ny — b(1 + 1), where
b(1 + r) is the net repayment of the loan in
period 2. Here 7, and 7, are tax rates on earn-
ings in periods 1 and 2, and r is the interest
rate.2 Of course, b can be negative (i.e., the
person saves in period 1). In the life-cycle

13Given the focus on wage taxation, I ignore taxation
of asset income. One may interpret r as an after-tax rate.
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model, in contrast to the static model, there
is a clear distinction between exogenous non-
labor income {N,, N,} and asset income.™¥

In a dynamic model, a person chooses a
life-cycle  labor-supply/consumption  plan
that maximizes the present value of lifetime

utility, given by
(14) V=U + pU,,

where p is the discount factor. Substituting
C, and C, into (3) and then (14), we obtain

[w1h1<1 - 7'1) + N, + ]9]“77

(15) V = [
hit
B 1+~
[wohy(1 — 75) + Ny — b(1 + )]
Tp 1+ 79

hity
B 621 + 7}'

In the standard life-cycle model, there is no
human capital accamulation via returns to
work experience. Thus, a worker treats the
wage path {w,, ws} as exogenously given
(that is, it is unaffected by the worker’s labor
supply decisions).

In the life-cycle model, a new labor sup-
ply elasticity concept is introduced. This
is the response of a worker to a temporary
change in the after-tax wage rate. This could
be induced by a temporary tax cut in period
1 that is rescinded in period 2. As the worker
can now save, the response may be to work
more in period 1, save part of the extra earn-
ings, and work less in period 2. The strength

14 Tt is rather standard in life-cycle models to ignore
exogenous nonlabor income {N,, N,}, thus assuming that
all nonlabor income is asset income. But as we will see,
adding exogenous nonlabor income does not complicate
the analysis of MaCurdy-type life-cycle models in any sig-
nificant way.

of this reaction (i.e., shifting labor toward
periods of high wages) is given by the “inter-
temporal elasticity of substitution,” also
known as the “Frisch” elasticity.

The first order conditions for the worker’s
optimization problem are simply

(16) IV = [w,h,(1 = 7) + N, + b’
oh,

x w1 —m7)—pGhi =0

(17) gTV = [wyhy(l — 1) + Ny — b(1+ P’
2

X wy(l — 1) — Bohd = 0

(18) g_Z: [wh,(1—7) + N, + b]"

— plwshy(1 = 75) + Ny — b(1 + 1)]"
x (I +r) = 0.

Equation (18) can be written as [C,]"/[C,]"
= p(1 + r), which is the classic intertempo-
ral optimality condition that requires one to
set the borrowing level b so as to equate the
ratio of the marginal utilities of consumption
in the two periods to p(1 + r) B

Utilizing the intertemporal condition, we
divide (17) by (16) and take logs to obtain

hy _ 1), ws (1—m7y)
(19) ln(h_1> =5 {ln w T In = —7'21)

Cnp(l4r) — ln%}.

15An important special case is when p =1/(1 + r), so
people discount the future using the real interest rate.
In that case p(1+ r)=1 so that [C,]"/[C,]"=1 and
hence C, = C,. That is, we have complete consumption
smoothing.
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From (19) we obtain:

. Oln(hy/hy) 1
(20) Mty T

Thus, the Frisch elasticity of substitution,
the rate at which a worker shifts hours of
work from period 1 to period 2 as the rela-
tive wage increases in period 2, is simply 1/7.
The elasticity with respect to a change in the
tax ratio (1 — 7,)/(1 — 77) is identical.

There is an important relation between the
Frisch, Hicks, and Marshallian elasticities:

1 14+n-8S

>
/]

(21)

1 1 L+n oo
5> =5 > v=—q HS=1L
That is, the Frisch elasticity is larger than the
Hicks, which is larger than the Marshallian.
This follows directly from 7 < 0 (i.e., dimin-
ishing marginal utility of consumption). This
ranking of elasticities implies that if we can
obtain an estimate of the Frisch it provides
an upper bound on how large the Hicks and
Marshallian elasticities might be.

It is straightforward to extend the life-
cycle model to the case of multiple periods
and uncertainty. First, note that equations
like (16)—(17) must hold in any period, so we
have

(22) [w, h(1 — 7}) +N, + bt]nwt(l - 7})

Bhi

= Bh] = e

= w/(l — 7).

Note that (22) is almost identical to the MRS
condition (5) in the static model. The only
difference is that now consumption includes
the borrowing/lending amount b, that is allo-
cated to period ¢. (This observation plays a
key role in subsequent developments in sec-
tion 6.2.)

Under uncertainty the intertemporal
condition (18) only holds in expectation.
Following MaCurdy (1981), we write

(23) C! = E,;p(1 4+ r,,1)C/,
= p(l + rt+1)C;]+1 = C?(l + £t+l>’

where ., is a mean zero forecast error that is
uncorrelated with information known to the
agent at time ¢. If we assume these forecast
errors are “small,” we obtain an approximate
expression for the evolution of the marginal
utility of consumption over the life cycle:

(24) AlnC! = —Inp(1 + ryy) + &,

Taking logs and differencing (22), and using
(24) to substitute out for Aln C}, we obtain

(25) Alnh, = %Alnwt
+ %Aln(l —7) — %m p(1+1,)
- Lamg + Le

Under conditions I discuss below, (25) can
be used to estimate the Frisch elasticity
(/7).

With these concepts in hand, we are in a
position to talk about estimation of labor sup-
ply elasticities. In section 4, I discuss the key
econometric issues that arise in estimation.

4.  Econometric Issues in Estimating
Labor Supply Elasticities

Broadly speaking, there are two main
approaches to estimating labor supply elas-
ticities in the literature. One starts by specify-
ing a utility function, which is then fit to data
on hours, wages, and nonlabor income. The
alternative is to specify a labor supply func-
tion directly. The functional form is typically
chosen so that estimation involves regressing
hours on wages and nonlabor income, and so
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that convenient expressions for labor supply
elasticities are obtained. I'll begin by discuss-
ing a regression approach.

Many functional forms for labor supply
regressions have been tried, but there is no
consensus which one is “right.” To fix ideas,
consider a logarithmic specification of the
form

(26) Inhy = 0 + elnw,(1 —7)
+ ﬁlNit + &y,

where I now include person subscripts i to
indicate that we have data on a sample of
people. Thus h;, is hours of work for person i
in period ¢, and so on. Crucial is the addition
of the stochastic term ¢;,, which enables the
model to explain heterogeneity in behavior.
If (26) is to be interpreted as a labor supply
relationship, then the ¢, must be interpreted
as arising from supply shocks (i.e., shocks to
person is tastes for work at time ¢), perhaps
augmented to include optimization error
and/or measurement error, but not demand
shocks [

It is important that equation (26) con-
trols for nonlabor income, N,. As a result,
the coefficient on the log after-tax wage
rate (e) is the effect of a wage change hold-
ing nonlabor income fixed, which is directly
interpretable as the Marshallian elasticity.
The coefficient on the nonlabor income vari-
able (8; = 0h;/ON;) can be multiplied by
the after-tax wage rate to obtain the income
effect ie = w,(1 — 7)5;. Then, of course, the
Hicks elasticity can be backed out using the
Slutsky equation as e;; = ¢ —w;, (1 — 76,0

16In the utility function approach, the &; would typi-
cally have been obtained by assuming there exists a part of
the taste for leisure term 3, in an equation like (3) that is
unobserved by the econometrician.

17Tt is important to note that (26) is not consistent
with the utility function in (3) because, as we saw in (10),
equation (3) gives rise to an income effect that takes on a
rather different form.

I will use the static labor supply model in
(26) as a guide to discuss the econometric
problems that arise in attempting to estimate
labor supply elasticities. There are a multitude
of problems, but I highlight seven of the most
important. These include: (i) endogeneity of
wages and nonlabor income arising from cor-
relation with tastes for work, (ii) endogeneity
arising from simultaneity, (iii) the treatment
of taxes, (iv) measurement error in wages
and nonlabor income, and (v) the problem
that wages are not observed for nonworkers,
and, more generally, the treatment of the par-
ticipation margin. Additional problems arise
from dynamics, including (vi) the treatment
of nonlabor income and savings, and (vii)
other sources of dynamics like human capital
accumulation, fertility, etc.

4.1 Endogeneity of Wages and Nonlabor
Income Arising from Correlation with
Tasks for Work

Perhaps the most obvious problem is
endogeneity of wages and nonlabor income
arising from possible correlation with tastes
for work. For example, people who choose
to work long hours (because they have a low
taste for leisure) may also work harder and
be more productive when they do work.
Then ¢, would be positively correlated with
the wage. Furthermore, those who are rela-
tively hard working might also tend to save
more, leading to relatively high asset income,
creating a positive correlation between ¢,
and nonlabor income.

These problems are not merely academic.
Pencavel (1986, p. 23) reports a simple ordi-
nary least squares (OLS) regression of annual
male hours of work on wage rates, various
types of nonlabor income, and a long list of
demographic controls (e.g., education, age,
marital status, children, race, health, region)
using data from the 1980 U.S. census. He
finds that the coefficient on asset income is
actually positive, implying that $10,000 in
additional nonlabor income would increase
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annual hours by 46 hours. This contradicts
the assumption that income effects should
be negative.® He also finds that the coeffi-
cient on the wage rate is negative, implying
that a dollar per hour wage increase would
reduce annual hours by 14. As noted earlier,
a negative Marshallian elasticity is theoreti-
cally possible, but only due to a large nega-
tive income effect. So, prima facie, the sign
pattern found here seems to completely
contradict economic theory. But it is quite
likely the result of endogeneity and/or other
econometric problems.

One way to deal with endogeneity aris-
ing from correlated tastes is to adopt a fixed
effects specification, where the error term is
decomposed as

(27) €y = My + My

Here p; is an individual fixed effect, which
captures person i’s (time invariant) taste for
work, while 7, is an idiosyncratic taste shock
(e.g., person i may have been sick in a par-
ticular period). In the fixed effects approach,
it is assumed that the fixed effect y; may be
correlated with wages and nonlabor income,
but that the idiosyncratic shocks 7, are not.
Methods such as first differencing or de-
meaning the data can be used to eliminate
u; from the error term. The 7, terms that
remain are then assumed exogenous.™ In

I8 A positive income effect for hours, implying a nega-
tive income effect for leisure, means leisure is not a nor-
mal good (i.e., people do not demand more leisure as they
become wealthier). While not theoretically impossible this
seems highly unintuitive, and it undermines the standard
labor supply model.

19A limitation of fixed effects is that 7, must be “strictly
exogenous,” not merely exogenous. That is, 7, must be
uncorrelated with all leads and lags of wages and nonla-
bor income, not just contemporary values. This is a very
strong assumption. It implies, e.g., that an adverse health
shock that lowers tastes for work today cannot affect wages
in subsequent periods. Yet, one can easily imagine it would
(e.g., if working less in the current period causes human
capital to depreciate). Michael P. Keane and David E.
Runkle (1992) provide an extensive discussion of this issue.

addition, labor supply studies typically also
include various observable control variables
(known as “taste shifters”) that might shift
tastes for work, such as age, number and
ages of children, marital status, etc..

A second approach is instrumental vari-
ables (IV). Here one seeks instruments that
are correlated with wages and nonlabor
income, but uncorrelated with tastes for
work (g;). For example, changes in the world
price of iron ore, bauxite, or coal would shift
wage rates in Australia, but are presumably
uncorrelated with tastes for work. Thus, min-
eral prices would be sensible instruments for
wage rates. In most contexts, however, valid-
ity of instruments is controversial. We'll see
examples of this when discussing particular
papers below.

4.2 Endogeneity Arising from Simultaneity

The second problem in estimating an
equation like (26), emphasized by Pencavel
(1986, p. 59), is whether we are estimating a
labor supply curve or demand curve, or just
some combination of the two. As an extreme
example, say there is a large (uncompen-
sated) tax cut, but labor supply appears to
be little affected. This may be because the
Marshallian elasticity is close to zero. But it
may also be that labor demand is very inelas-
tic (in the short run). Then, any increase in
labor supply is quickly choked off by falling
wages.

More generally, for any study, the key
question we need to address is why wages
and nonlabor income vary across people/over
time. For clarity, I will focus on the problem
of wages (assuming nonlabor income is exog-
enous). A common (although not universal)
perspective is that wages are a payment for
skill. Each person has a skill level S, and the
equilibrium of the economy determines a
rental price on skill (p,). Thus, the wage rate
is given by

(28) wy = p, S(Xy).
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Here S(Xj) is a function that maps a set of
individual characteristics X;, into the skill
level S;,. X;; would include the person’s skill
endowment, along with education, experi-
ence, etc.

Now we modify (26) to include a set of
observables Z,, that shift tastes for work

(29) Inhy = B 4+ elnwy(l —1)
+ BNy + BrZy + &

One approach to identification of the supply
curve in (29) is that there exist some vari-
ables in Xj, that can be plausibly excluded
from Z,. Unfortunately, such variables are
hard to find.

For example, as we'll see, quite a few
authors assume that age and education enter
X;; but not Z;,. Yet it is perfectly plausible that
age and education are related to tastes for
work, so they belong in Z;, as well. Indeed,
the profession has had difficulty agreeing on
any particular variable or set of variables that
could be included in X, and excluded from
Z.

Another approach becomes apparent if
we assume that X, = Z,,. Further assume we
can write that p, = p(F,), where F, is a set of
exogenous factors that shift the equilibrium
skill rental price. Then substitute (28) into
(29) to obtain the “reduced form” equation

(30) Inh, = 3
+ e{lnp(F) +In S(Z,) + In(1 — 1)}
+ BNy + BrZy + &
= B + eflnp(F) + In(1 - 7)}
+ BNy + BrZy + €
Here the term (37, = eIn S(Z,) + B Z,;

subsumes all of the common skill and taste
shift variables. As we see from (30), one way

to identify the Marshallian elasticity e in the
supply equation is to exploit exogenous varia-
tion in the skill rental price p, (induced by
elements of F, that are excluded from Z;,) or
in the tax rate rate 7,. What are plausible ele-
ments of F,?

As T alluded to under problem (1), (real)
prices of raw materials like oil, iron ore, or
coal could serve as “demand side instru-
ments” that shift the skill rental price but are
plausibly unrelated to tastes for work. Also,
while tax rates 7, enter (30) directly, they are
generally also elements of F,, as they may
shift equilibrium rental prices (see the exam-
ple at the start of this section). (An excep-
tion is if a tax change only affects a very small
group of people.)

However, the use of tax rates as instru-
ments is not so straightforward. As I discuss
next under problem (3), the marginal tax
rates that people actually face may be endog-
enous given progressive taxation. But the
generic tax rules that people face are often
plausibly exogenous. Thus, one might con-
sider estimating an equation like (29) using
raw material prices and/or tax rules as instru-
ments for after-tax wages. 2021

4.3 The Treatment of Taxes

The third main problem involved in esti-
mation of (26) is that real world tax schedules
are not typically the sort of flat rate sched-
ules that I assumed in the theoretical discus-
sion of section 3. The typical “progressive”
rate schedule in OECD countries involves
transfers to low income individuals, a rate
at which these transfers are taxed away as

20 These issues may apply to nonlabor income as well.
Again, a possible approach is to instrument for nonlabor
income using the rules that determine transfer benefits.
This approach is taken in Raquel Bernal and Keane (2011).

21 Another possible source of endogeneity is aggregate
taste for work shocks. If such aggregate shocks exist, then
gy will not be mean zero in the population. Such shocks
will alter equilibrium skill rental prices (by shifting the
labor supply curve). This issue is discussed in sections
6.2.5-6.2.6.
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income increases, and a set of income brack-
ets, with progressively higher tax rates at
higher income levels. We can summarize this
by saying the tax rate 7; that a person faces, as
well as their nonlabor income N, are func-
tions of their wage rate and hours of work. I
will denote these functions as 7,(wy, h;) and
N, (wy, h;). Then (26) becomes

(31) Inhy, = B+ B, Inw,(1 — 7(wy, hy))

+ 61 Ni(wy, hy) + i

This creates a blatant endogeneity prob-
lem, as the after-tax wage rate and nonlabor
income depend directly on hours, the depen-
dent variable. For example, for a given pretax
wage and nonlabor income, a person with a
low taste for leisure (i.e., a high ¢;,) will work
more hours. With progressive taxes, this may
drive the person into a higher bracket and/or
a lower level of transfers. Hence, progressive
taxes generate a negative correlation between
the error term ¢;, and both the after-tax wage
and nonlabor income. OLS assumptions are
violated, and OLS estimates of (31) are ren-
dered meaningless. (It is worth emphasizing
that this endogeneity problem arises by con-
struction even if the pretax wage rate w, is
actually exogenous.)

Another problem created by progressive
taxation is that tax rates do not usually vary
smoothly with income. Rather, they tend to
take discrete jumps at certain income lev-
els. An example is given in which
shows the budget constraint created by a tax
system with two brackets. In bracket 1, the
tax rate is 7y, while in bracket 2 it jumps to
7y. The person in the graph moves into the
upper bracket if he/she works more than
H, hours, at which point his/her income
(wH, + N) exceeds the cutoff for bracket
2. Then, the slope of the budget constraint
drops from w(1 — 7)) to w(l — 1), creating
a “kink” where the constraint does not have
a well-defined slope. The theory discussed

in section 3 is based on the idea that hours
are determined by setting the MRS between
consumption and leisure equal to the after-
tax wage, which is the slope of the budget
line. This approach breaks down if there are
kinks.

Several methods for dealing with the
problems created by piece-wise linear bud-
get constraints (like that in [figure 1) have
been proposed in the literature, and this has
become quite a controversial area. I discuss
these methods in detail in section 6.1.

4.4 Measurement Error in Wages and
Nonlabor Income

A fourth major problem in estimation of
labor supply elasticities is measurement
error in wages and nonlabor income. There
is broad consensus that wages are measured
with considerable error in available micro
datasets. As is well known, classical measure-
ment error will cause OLS estimates of the
coefficient on the wage variable to be biased
toward zero, leading to underestimates of
labor supply elasticities.

But the measurement error in wages may
not be classical. In many studies wage rates
are constructed by taking the ratio of annual
earnings to annual hours. If hours are mea-
sured with error this leads to “denominator
bias.” That is, measurement error induces
a negative correlation between measured
hours and the ratio wage measure, biasing
the wage coefficient in a negative direction.
This may in part account for the negative
wage coefficient found by Pencavel (1986,
p- 23). Many of the studies I describe below
use ratio wage measures, including a dis-
proportionate number of studies that obtain
small labor supply elasticities.

One way to deal with measurement error
is to instrument for after-tax wages. Notice
that in discussing estimation of (26) and (29)
I already indicated that IV procedures may
be necessary to deal with endogeneity prob-
lems. In many studies, the use of IV serves
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Figure 1. The Piecewise Linear Budget Constraint Created by Progressive Taxation

the dual role of dealing with endogeneity
and measurement error. In contrast, in the
fully structural approach (sections 6.3 and
7.4) it is necessary to model the measure-
ment error process.

It is likely that error in measuring nonla-
bor income is more severe than for wages.
As we'll see, some methods for modeling
labor supply in the presence of taxes require
modeling details of workers” budget con-
straints. Yet knowing the actual constraint
a worker faces given modern tax systems is
difficult. One key problem is that taxes apply

to taxable income, and the typical system
offers an array of deductions. In most data-
sets it is very difficult to know which deduc-
tions a worker takes, so deductions are often
imputed. Other problems are accounting for
all sources of nonlabor income, and measur-
ing fixed costs of work.

4.5 The Problem that Wages Are Not
Observed for Nonworkers

The fifth main problem involved in estima-
tion of (26) is that wages are not observed for
people who choose not to work. This leads to
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the well-known problem of “selection bias”
if we attempt to estimate (26) using data on
workers alone. Assume that, ceteris paribus,
the probability of working is increasing in the
wage. Then, people we see working despite
relatively low wages will be those with rel-
atively high tastes for work. This induces
a negative correlation between w; and ¢,
among the subpopulation of workers, even if
wy, is exogenous in the population as a whole.

Pioneering work by Heckman (1974)
began a large literature on methods to deal
with the selection problem. Unfortunately,
there is no solution that does not involve
making strong assumptions about how peo-
ple select into employment. This means that
empirical results based on these methods are
necessarily subject to some controversy.2

In the literature on male labor supply, it is
common to ignore selection on the grounds
that the large majority of adult non-retired
men do participate in the labor market, so
selection can be safely ignored. Whether
selection is really innocuous is unclear, but
this view is adopted in almost all papers on
males that I review. In contrast, dealing with
selection by modeling participation decisions
is central to the modern literature on female

labor supply.

4.6 The Treatment of Nonlabor Income
and Savings

I now turn to issues that become appar-
ent when one views labor supply in a
dynamic context. The sixth main problem

22Recent years have seen the development of semi-
parametric selection methods that make weak assump-
tions about the functional form of the selection rule. But
these methods typically require strong assumptions on
the “excluded instruments” (i.e., variables that enter the
work decision rule but do not affect wages directly). Aside
from the exclusion itself, which is often controversial, com-
mon requirements are availability of an instrument that
can drive the employment probability close to one, or
the assumption that the instrument can be manipulated
to keep the selection probability fixed as determinants of
wages vary (an index assumption).

in estimation of (26) is interpretation of
the nonlabor income variable. In the static
model, current nonlabor income is treated as
a measure of wealth. However, much of non-
labor income is asset income, and asset levels
are, of course, driven by life-cycle consump-
tion and savings patterns. Specifically, we
expect assets to follow an inverted U-shaped
path over the life cycle: low when people
are young, have low incomes, and borrow
to finance consumption, high in the middle
of the life cycle as they build up assets for
retirement, and then declining in retire-
ment. This means a person’s asset level at a
particular point in time is not a good indica-
tor of their lifetime wealth.

For example, a 40 year old with a high
level of skills who has gone rather heav-
ily into debt to set up a household and pay
for his children’s education may in real-
ity be wealthier (in a life-cycle sense) than
a 60-year who has positive savings but at a
level that is inadequate to fund retirement.
The income effect creates a greater induce-
ment to supply labor for the latter than the
former, despite the fact that latter person has
a higher level of current assets.

One approach to this problem, pursued by
MaCurdy (1983) and Richard Blundell and
Tan Walker (1986), is to estimate versions
of (26) where the nonlabor income variable
is redefined in a manner that is consistent
with life-cycle asset allocation. An alterna-
tive, due to MaCurdy (1981), is to estimate a
labor supply function like (25) that is explic-
itly derived from a life-cycle model. I discuss
these approaches in section 6.2 and 7.2. A
third approach is full structural estimation of
the life-cycle model, which I discuss in sec-
tion 6.3 and 7.4.

4.7 Other Sources of Dynamics

Several other issues arise from viewing
labor supply in a life-cycle context. One is
the issue of human capital. If work experi-
ence builds human capital, then the current
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labor supply decision affects future wages. As
I discuss in section 6.3, this has fundamental
implications for the estimation of labor sup-
ply elasticities. Other sources of dynamics
are state dependence in tastes for work, and,
of particular importance for women, joint
decision making about labor supply, fertility,
and marriage. This is the focus of section 7.4.

5. A Roadmap to the Empirical Literature

There have been several major surveys of
the labor supply literature, including Mark
R. Killingsworth (1983), Jerry A. Hausman
(1985b), Pencavel (1986), Killingsworth and
Heckman (1986), Blundell and MaCurdy
(1999), and Costas Meghir and David
Phillips (2010). They typically sort results
by demographic group and/or economet-
ric models employed. I follow the same
approach: the literature on men is covered
in section 6, while that on women is covered
in section 7. Different empirical approaches
are then covered in subsections.

5.1 The Male Labor Supply Literature

As best as I can determine, the male labor
supply literature using micro data begins
with Marvin Kosters (1969), but he fails to
address the key issues I raised in section 4.
Subsequent papers by Orley Ashenfelter
and Heckman (1973) and Michael J. Boskin
(1973) used IV techniques to deal with mea-
surement error. They found very small (even
negative) labor supply elasticities.

There followed a series of papers that
attempt to deal with progressive taxation and
piecewise-linear budget constraints. I discuss
these in section 6.1.1. Following early work
by Robert E. Hall (1973), more sophisti-
cated methods were developed by T. J. Wales
and A. D. Woodland (1979) and Hausman
(1981). These papers, and similar papers that
followed, generally found large Hicks elastic-
ities for males. As Hausman (1981) pointed
out, this implied large efficiency losses from

progressive taxation. And for a (brief) time, a
consensus emerged that the small labor sup-
ply elasticities of earlier studies were an arti-
fact of failure to account for taxes.

The NIT experiments in the United States
spurred the development, by Gary Burtless
and Hausman (1978), of a method to deal
with  piecewise-linear nonconvex budget
constraints. This work was also novel in that
it relied for identification on experimentally
generated variation in budget constraints
(albeit with flaws in the experimental design).
I discuss this work in section 6.1.2. The con-
sensus from work on the NIT experiments
was that labor supply elasticities for low-
income workers were quite modest.

Section 6.1.3 provides a brief summary
of the literature before 1990. At that time
the piecewise-linear approach had become
dominant. But that changed as a result of the
so-called “Hausman—MaCurdy controversy,”
which I describe in detail in section 6.1.4. The
controversy began when MaCurdy, David
Green, and Harry J. Paarsch (1990) argued
that Hausman’s (1981) approach to dealing
with progressive taxation imposed a large
Hicks elasticity a priori. They proposed a dif-
ferent method, based on a smooth approxi-
mation to the piecewise-linear constraint. 2
Using similar data, they found much smaller
elasticities than Hausman (1981).

However, Eklof and Hans Sacklén (2000)
provide convincing evidence that differences
in results between MaCurdy, Green, and
Paarsch (1990) and Hausman (1981) (and
a number of other studies) are not mostly
due to differences in econometric method.
Rather, whether a study finds relatively large
labor supply elasticities is better predicted
by whether it deals with denominator bias in
wage measures. As dealing with denominator
bias is presumably a good thing, I take this

23 Alternatively, Soren Blomquist, Matias EkI5f, and
Whitney Newey (2001) model labor supply nonparametri-
cally (section 6.1.4.2).
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as supporting a view that elasticities are rela-
tively large.

Finally, in section 6.1.5, 1 describe a
paper by Arthur van Soest, Isolde Woittiez,
and Arie Kapteyn (1990) that attempts to
explain why we rarely observe people work-
ing a small number of hours. They introduce
a demand side constraint on possible hours
choices. Other approaches to this problem
are to introduce fixed costs of work or to
assume hourly wages are lower for part-time
work. There is more focus on this issue in the
literature on females (see below).

In section 6.2, I consider the basic life-
cycle model with saving. Two unsatisfactory
features of the static model are (i) current
labor supply only depends on the current
wage, not how it compares to wages in other
periods, and (ii) current nonlabor income
may be a poor proxy for lifetime wealth.
Even if the current wage is high and nonla-
bor income is low, there may be little incen-
tive to work if one expects wages to be much
higher in the future. But this is only true if
one can borrow/lend across periods. Thus, in
the male labor supply literature, the first and
most common extension of the static model
is to allow for borrowing/saving.

In section 6.2.1, I describe two simple
approaches to estimating the life-cycle
model with saving developed in MaCurdy
(1983). Both use consumption to proxy life-
time wealth. The first, which I call the “MRS
method,” involves estimating MRS condi-
tions like (22). The second is known as the
“life-cycle consistent” method. This involves
simply replacing nonlabor income with con-
sumption minus current after-tax earnings
in a conventional static labor supply model.
MaCurdy (1983) found very large labor sup-
ply elasticities using both methods. But sub-
sequent work by Joseph G. Altonji (1986)
and Blundell and Walker (1986) failed to
confirm this. MaCurdy conceded his results
may have come from using a small nonrepre-
sentative sample.

Section 6.2.2. Blomquist (1985) noted that
the two methods developed in MaCurdy
(1983) need to be modified to deal with pro-
gressive taxation. James P. Ziliak and Thomas
J. Kniesner (1999) implement this change,
and find large efficiency costs of progressive
taxation.

In section 6.2.3, I discuss a paper by Ziliak
and Kniesner (2005) that allows for non-
separability of leisure and consumption in
the life-cycle model. I describe how this can
have important implications for the behav-
ior of the model. They again find large effi-
ciency costs of progressive taxation (although
here they do not adopt the Blomquist 1985
approach).

In section 6.2.4, I describe a third
approach to estimating the life-cycle model,
due to MaCurdy (1981). This approach
involves estimating hours growth equations
like (25). It only uncovers a subset of utility
function parameters, and it is used specifi-
cally to estimate the Frisch elasticity. Using
this approach, MaCurdy (1981) obtained a
very small but also very imprecise estimate
of the Frisch elasticity.

There followed a large literature seeking
to improve upon MaCurdy’s (1981) method.
The focus was on better instruments for
wage growth, ways to reduce measurement
error, or ways to measure expected wage
growth. T discuss the key papers in sections
6.2.5 to 6.2.7. Most continue to obtain small
(imprecise) estimates of the Frisch elastic-
ity, although Joshua D. Angrist (1991) and
Luigi Pistaferri (2003) obtain precise esti-
mates as large as 0.63 to 0.70. Notably, it is
common in this literature to ignore taxes. In
section 6.2.8, I discuss Daniel Aaronson and
Eric French (2009), who build progressive
taxation and tied wage—hours offers into the
model.

In section 6.3, I consider models that
incorporate both saving and human capi-
tal in the life-cycle framework. Key papers
here are Heckman (1976), Kathryn L. Shaw
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(1989), Keane and Kenneth I. Wolpin (2001),
and Susumu Imai and Keane (2004). Imai
and Keane argue that the failure to account
for human capital probably led prior work to
severely understate the intertemporal elas-
ticity of substitution. I discuss implications
of their model for elasticities with respect to
permanent tax changes as well. Finally, sec-
tion 6.4 summarizes the male labor supply
literature.

5.2 The Female Labor Supply Literature

In section 7, I turn to the literature on
female labor supply. Mincer (1962) argued
that in modeling female labor supply it is
crucial to consider the allocation of labor
supply, and in particular labor force par-
ticipation, over the life cycle. I agree with
this view, so I start in section 7.1 with the
attempt by Heckman and MaCurdy (1980,
1982) to extend the basic life-cycle model of
MaCurdy (1981) to incorporate participation
decisions.

Section 7.1.1 describes work that extends
the life-cycle model to incorporate fixed
costs of work. The key paper here is Jean
Kimmel and Kniesner (1998). Section 7.1.2
describes work by Sumru Altug and Robert
A. Miller (1998) that extends the model to
also include human capital. When they are
successful in obtaining estimates, papers in
section 7.1 obtain Frisch elasticities of 2.35
to 3.05, with most of the action on the partic-
ipation margin. These are much higher than
values obtained for men. Note that none of
the papers in 7.1 account for taxes.

In section 7.2, I turn to the “life-cycle
consistent” approach. The key paper here is
Blundell, Alan Duncan, and Meghir (1998).
The main motivation of their paper is to use
a series of British tax law changes to help
identify the model. They estimate a Hicks
elasticity for employed women of 0.20. The
participation elasticity is not estimated.

Section 7.3 describes work by Robert
Moffitt (1984) that estimates a life-cycle

model with both fertility and human capital.
Instead of doing fully structural estimation,
he estimates what I call an “approximate
reduced form” of a very complicated struc-
tural model (which, given 1984 computer
technology, would have been infeasible to
fully solve and estimate).

In section 7.4, I describe papers that
implement full-solution structural estimation
of female labor supply models. This starts, in
section 7.4.1, with the paper by Zvi Eckstein
and Wolpin (1989) in which participation is
the only decision and work experience builds
human capital. I then show, in sections 7.4.2
and 7.4.3, how the literature sought to endo-
genize fertility, marriage, schooling, and wel-
fare participation, culminating in the papers
by Keane and Wolpin (2007, 2010) where all
these variables are treated as choices. The
consistent finding of these structural papers
is that labor supply elasticities are quite large
for women. A limitation of all the papers in
sections 7.3-7.4 is that they do not explicitly
account for taxes.

Then, in section 7.5, I discuss the nonstruc-
tural approach of Nada Eissa (1995, 1996a),
who analyzed the effects of the major U.S.
tax reforms of 1981 and 1986 on labor supply
of married women. Finally, section 7.6 sum-
marizes the female labor supply literature.

6. A Survey of the Male Labor
Supply Literature

In this section, I focus on labor supply of
men, and consider results from static models,
life-cycle models with savings, and life-cycle
models with both savings and human capital.
I will discuss the literature on women in sec-
tion 7.

As should be clear from section 4, there
are many econometric problems to confront
when estimating labor supply elasticities.
And, as we will see below, there are many
alternative approaches to dealing with these
problems. Unfortunately, no consensus has
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emerged on a “correct” approach. Indeed,
the controversy between advocates of alter-
native approaches has often been rather
intense, as will at times become clear in what
follows.

6.1 A Summary of Results from Static
Labor Supply Models

Pencavel (1986) notes that the first labor
supply function estimation using individual
(as opposed to aggregate) level data was by
Kosters (1969). He considered employed
married men, aged 50-64, from the 1960
U.S. Census. Estimating an equation with
log hours as the dependent variable and logs
of wages and nonlabor income as indepen-
dent variables (along with various controls
for tastes), he obtained a Marshallian elas-
ticity of —0.09 (i.e., backward bending labor
supply) and a small (negative) income effect
(—0.14). However, this early study ignored
endogeneity, taxes, and essentially all the key
problems listed in section 4.

A number of subsequent studies tried to
instrument for the wage and/or nonlabor
income to deal with measurement error. But
these studies generally continued to obtain
small negative Marshallian elasticities for
married men. For instance, Ashenfelter and
Heckman (1973) instrument for nonlabor
income and obtain e =-0.15, ie =-0.27
and a Hicks elasticity of 0.12. Boskin (1973)
instruments for the wage and obtains a
Marshallian elasticity of —0.07, an income
effect of —0.17 and a Hicks elasticity of 0.10.
These studies ignored taxes.

6.1.1 Attempts to Deal with Progressive
Taxation (Piecewise-Linear Budget
Constraints)

6.1.1.1 Studies Based on U.S. Data

Hall (1973) developed a method to deal
with the piecewise linear budget constraints

created by progressive taxation. The idea,
illustrated in is to model each

person as if they choose labor supply subject
to a hypothetical linear budget constraint
created by taking the segment on which
they are observed to locate, and extending
itfromh=0toh=H,,.In these
extensions of segments 1 and 2 are indi-
cated by the dotted lines. For example, the
hypothetical budget constraint for a person
on segment 2 is characterized by the slope
w(l — 1) and the “virtual” nonlabor income
level Vo = N + w(m, — 71)H,. As noted by
Hall (1973), if preferences are strictly convex
(as implied by diminishing marginal returns
to consumption and leisure) a person facing
such a hypothetical budget constraint would
make the same choice as when facing the
actual budget constraint 2

Pencavel (1986) excluded Hall’s results
from his extensive survey because “many dif-
ferent estimates are presented and I gave up
the attempt to summarize them adequately.”
But Hall’s figures 3.5 and 3.6 seem to provide
a concise summary of the results. His sample
consisted of all men and women from the
1967 U.S. Survey of Economic Opportunity
(SEO), an augmented version of the CPS
that included better wage and hours mea-
sures and an over-sample of the low income
population. Hall’s figures 3.5 and 3.6 present
labor supply curves averaged across various
demographic groups. Figure 3.6 shows back-
ward bending labor supply above an after-tax
wage rate of about $2.00 per hour. But figure
3.5 shows a Hicks elasticity at 2,000 hours
of approximately 0.452 Thus, my interpre-
tation is that Hall’s results imply backward
bending labor supply but a strong income
effect and a large Hicks elasticity.

24 Tt is common in applying this method to instrument
for wages and nonlabor income to deal with measurement
error. Hall (1973) does this as well.

25 The graph of the compensated labor supply function
that Hall (1973) presents in figure 3.5 is rather flat over a
very wide range. This is not true of the uncompensated

graph.
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It should be noted that Halls (1973)
approach does not deal with the endogene-
ity of after-tax wages and nonlabor income
created by the choice of segment. If tastes
for work are stochastic, as in (26), then
the segment where one chooses to locate
is determined not only by ones wage rate
and nonlabor income, but also by the taste
shock ;. By taking the segment where a
person chooses to locate as given, we are
in effect truncating the range of the taste
shock—e.g., people who locate on a high
hours segment will tend to be those with
high tastes for work. As I noted earlier, this
induces a negative correlation between the
after-tax wage and tastes for work, which
tends to bias labor supply elasticities in a
negative direction.

The papers by Burtless and Hausman
(1978) and Wales and Woodland (1979)
were the first to model choice of segment.
Thus, in estimating labor supply elasticities,
they account for the correlation between
taste shocks and after-tax wages. Other
well-known examples of this “structural
approach,” in which one models in detail
how people make labor supply decisions
subject to a nonlinear tax schedule, include
Hausman (1980, 1981), Blomquist (1983)
and Moffitt (1983). The basic idea of the
structural approach is illustrated by the
following simple example: Assume a two-
segment budget line as in Further
assume that person i locates on budget seg-
ment 2, with slope w;(1 — 7,) and virtual
income V;. The person has to work at least
H, hours to be on this segment. Now, to
keep things simple (and highlight the key
idea) I will assume that we know a person’s
segment without error, but that hours are
measured with error. This could occur, for
example, if we had access to tax records
to determine a person’s earnings and tax
bracket, but had to rely on survey data to
measure hours. Assume the person’s choice
of hours is determined by the equation

(32) Inh; = 8, + elnwy(l — 1)
+ 6 Vi + ¢

Here, in contrast to equation (26), labor sup-
ply is expressed as a function of V;, the level
of virtual income for the segment on which
person i locates. Observed hours are given

by
(33) Inh{ = Inh;, + v,
=Inh; + ¢ + v,

where v; is measurement error and In h} is
the predicted level of log hours from (32).
Then the likelihood contribution for person
i is given by

(34) P(Inh{,Inh; > InH,)
= Ple; + v,e + Inhf >InH,)
= fle; + vile; > InHy — Inhj)
x Ple;, > InHy, — Inhj).

Note that the density of the error in the
hours equation is now conditioned on the
event ¢; > InH, —Inh}, accounting for
the fact that those who locate on segment 2
have relatively high taste shocks. Conversely,
the analogous term to (34) for people who
locate on segment 1 includes the truncation
g; <In Hy — In h}. Thus, building the like-
lihood based on terms like (34) will give an
estimator that is consistent in the presence
of endogenous segment location.

For males, the first study to model the full
complexity of the budget constraint created
by progressive taxation, and model men as
choosing labor supply subject to this con-
straint, was Wales and Woodland (1979).
They assume wages and nonlabor income
are measured without error, and preferences
are homogeneous in the population. Then,
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the econometrician can determine a work-
er’s optimal hours level (and true budget
segment), conditional on the model param-
eters. Deviations between observed and pre-
dicted hours are explained by measurement
error. The Wales and Woodland estimates,
obtained using married men from the Panel
Study of Income Dynamics (PSID), are quite
different from the earlier literature. They
obtain a Marshallian elasticity of 0.14 (finally
positive!), a large income effect of —0.70, and
a Hicks elasticity of 0.84.

Hausman (1981) extended the Wales and
Woodland (1979) approach to include taste
heterogeneity. Specifically, he let 5; in (32)
be random in the population (while interpret-
ing £ as measurement error). With hetero-
geneity in [3;, the worker’s choice of segment
is no longer deterministic. Conditional on
the latent 3, the likelihood contribution for
a worker is the density of the measurement
error that reconciles observed and predicted
hours. However, to form the likelihood, one
must now integrate out the latent ; from this
density. This means integrating over all pos-
sible segments and kink points, weighting
each by the probability 3, is in the appropri-
ate range such that a worker would choose
it. This obviously makes estimation much
more difficult than when the true segment is
known (as in Wales and Woodland 1979 or my
simple example in (32)—(34)). For estimation,
Hausman (1981) also used married men in
the PSID. He obtained a Marshallian elastic-
ity of close to 0 and an income effect of —0.77.

An important point, stressed by Hausman
(1981), is that, even with a small (or zero)
Marshallian elasticity, large Hicks elastici-
ties of the type estimated by Hall (1973),
Wales and Woodland (1979), and Hausman
(1981) imply large negative labor supply
effects of progressive taxation (as well as
large efficiency losses). To understand why,
consider again A person in bracket
#1 has an after tax wage rate of w(1 — 7))
and nonlabor income of N. If this person

increases his/her hours above level H,, so
that he/she earns enough to be in bracket
#2, then not only does his/her marginal
wage fall to w(1 — 7), but, in addition, the
level of “virtual” nonlabor income that is rel-
evant for his/her decision making increases
to V= N + wHy(t, — 7). Thus, even if the
Marshallian elasticity is close to zero, a large
income effect (or, equivalently, a large Hicks
elasticity) can have a strong negative effect
on labor supply by discouraging workers
from increasing hours above H,.

Furthermore, following MaCurdy (1992),
one can show, to a good approximation, that
the Hicks elasticity determines the labor
supply response of tax payers already in the
higher brackets. Suppose the tax rate on seg-
ment #2 is increased from 7, to (1, + A).
This causes the after-tax wage to fall by Aw
and virtual nonlabor income to increase
by AwH,. To keep things simple, assume
a simple linear labor supply function (as in
Hausman 1981):

B35 h =6+ Bywl—1) + 5,V, + ¢,

where 7, and V, are the tax rate and vir-
tual income on segment #2, respectively.
Plugging in the new values for the tax rate
and virtual income we get

(35) h'=p+ f,w(l—1,—A)

+ 3(Vy + AwH,) + e

Thus, we have that h'—h= -G, wA +
BiwAH, = —(Aw)(B, — Hy 5;). That is, the
change in the after-tax wage (—Aw) is mul-
tiplied by (8, — Hy3;). If we multiply this
quantity by w/H, we get precisely the Hicks
elasticity from equation (8), for the linear
model (35), evaluated at hours level H,2

261n the linear model, 3, = h /0w is the uncompen-
sated wage effect and h- B, =h-9h/ON is the income
effect.
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Thus, we see that, to a good approximation,
the Hicks elasticity determines the labor
supply response of taxpayers in the higher
brackets.®! Hence, a large Hicks elasticity
implies large efficiency loses from progres-
sive taxation.® Given their findings of sub-
stantial Hicks elasticities, Hall and Hausman
became strong advocates for a flat rate tax.

Pencavel’s (1986) classic survey of male
labor supply emphasized that the income
effect, or “marginal propensity to earn,”
could, in the static model, also be calcu-
lated from consumption data, by looking
at how consumption/earnings respond to
changes in nonlabor income. In fact, Angus
Deaton (1982) did this—using the U.K.
Family Expenditure Survey (FES) of 1973,
he obtained an estimate of ie near zero (i.e.,
wh is hardly affected by an increase in non-
labor income). Based on this result, Pencavel
(1986) concludes estimates of the income
effect that differ much from zero are sus-
pect. He goes on to discount results of sev-
eral studies that obtain large income effects,
such as Wales and Woodland (1979) and
Hausman (1981).

In my view, this conclusion goes too far.
The Deaton (1982) result is hard to interpret
as a causal effect of nonlabor income on con-
sumption, as nonlabor income is likely to be
endogenous in a consumption equation. And
in a life-cycle model, high nonlabor income
may simply indicate high permanent income,
causing it to be highly positively correlated
with consumption. Furthermore, there is
substantial evidence that people mostly save
the proceeds from temporary tax rebates.?

27A limitation of this analysis is that it does not consider
the behavior of taxpayers who are initially located at bud-
get constraint kink points prior to the tax change. These
people are unaffected by small tax changes.

281n fact, Hausman (1981) found that the efficiency loss
from progressive taxation was 22 percent of tax revenues.
He found that a shift to a flat rate tax would reduce this to
only 7 percent.

29Note that a one-for-one increase in consumption in
response to an increase in nonlabor income, if interpreted

As indicated earlier, introspection may sug-
gest that very large effects of N on wh (that
is, values of ie very near —1) are implau-
sible, but I would not conclude based on
Deaton (1982) that only effects near zero are

plausible.
6.1.1.2 Studies Based on Non-U.S. Data

Until now, I have discussed only labor sup-
ply studies based on U.S. data. As Pencavel
(1986) notes, the British literature took a
somewhat different tack for two reasons.
First, it has always focused on effects of
taxation, so wages and nonlabor income
are always treated as after-tax. Second, it is
largely based on the FES, which contains
both hours and consumption data. Thus,
it has usually estimated labor supply and
consumption functions jointly® The eight
British studies Pencavel cites all find small
negative Marshallian elasticities (with a
mean of —0.16), income effects in the —0.04
to —0.50 range (with a mean of —0.29), and
Hicks elasticities ranging from 0.30 to slightly
less than 0 (with a mean of 0.13). Note, how-
ever, that these papers do not adopt the
piecewise-linear approach.

The influential paper by Blomquist (1983)
used the piecewise-linear method to study
labor supply in Sweden in 1973. The coun-
try had a highly progressive tax structure at
that time. Blomquist studied married men
from the Level of Living Survey who were
of prime working age (i.e., 25-55 years old).
His estimates implied a Marshallian elasticity

causally, is wildly at variance with the life-cycle model—
i.e., only unanticipated changes in nonlabor income should
alter consumption at all. And even an unanticipated
change would be smoothed out over the whole life cycle,
and therefore would have little effect in any one period.
Only an unanticipated change in nonlabor income that is
also expected to be highly persistent should have much
impact on current consumption.

300f course, given a utility function defined over both
leisure (or hours) and consumption, as in (3), along with a
budget constraint, one can derive both labor supply and
consumption functions.
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of 0.08 and an income effect of ie = —0.03 at
mean values in the data. The implied Hicks
elasticity is 0.11.

Blomquist (1983) stressed the key point
that, in nonlinear budget constraint models,
labor supply elasticities cannot (in general)
tell us how people will respond to changes in
the constraint. Hence, he used his model to
simulate the consequence of Sweden switch-
ing from the highly progressive tax regime in
place in 1973 to a flat tax, a lump sum tax,
and a no tax regime. Under the (existing)
progressive income tax, the model predicts
average annual hours of work of 2,143 hours
(close to the sample average). It predicts
that complete elimination of taxes would
increase annual hours of work from 2,143
to 2,443, a 14 percent increase. Blomquist
also calculates that a 34 percent flat rate tax
would raise the same revenue as the progres-
sive tax. Given a flat rate tax, average annual
hours would be 2,297 hours, a 7.2 percent
increase.?!

Comparing the proportional and no tax
worlds, Blomquist finds a 34 percent tax
increase (wage reduction) leads to a 6 percent
reduction in hours. The implied Marshallian
elasticity is roughly 6 /34 = 0.18. This is quite
a bit larger than the Marshallian elasticity of
0.08 implied by the estimates at the mean
values of after-tax wages and hours in the
data® This illustrates how elasticities cal-
culated assuming linear budget constraints
can be quite misleading in a piecewise-linear
context. It may also indicate that mean val-
ues of elasticities can be quite misleading

31Tt is important to note that this is a partial equilib-
rium analysis. As both of these experiments lead to sub-
stantial increases in labor supply, they would presumably
also lead to a reduction of wages in equilibrium.

320f course, for such a large change, the direction in
which we do the calculation matters. Going from the pro-
portional tax world to the no tax world, hours increase 6.4
percent while wages increase 52 percent, so the implied
elasticity is 6.4/52 = 0.12. This is still 50 percent greater
than Blomquist’s 0.08 estimate at mean values.

with regard to population responses in mod-
els with heterogeneous workers 2

The compensating variation (CV) is the
lump sum payment needed to make a person
in a progressive or flat-tax world equally well
off as a person in a no-tax world. For the flat
rate tax it is 16,417 SEK while for the pro-
gressive tax it is 18,059 SEK. This compares
to 16,103 SEK in revenue per person (under
either tax). One way to measure deadweight
loss from a tax is the CV as a percent of rev-
enue. This gives (18,059 — 16,103)/16103
= 12 percent for the progressive tax and 2
percent for the flat tax. Thus, the implied
efficiency losses for the progressive tax sys-
tem are rather large. This is despite the
quite modest estimates of the Marshallian
and Hicks elasticities at the mean of the data
(0.08 and 0.11 respectively).

Blomquist and U. Hansson-Brusewitz
(1990) performed a similar analysis on
Swedish data from 1980 on 602 married
men aged 25-55. An innovation is use of an
hours equation with a quadratic in wages.
This provides a significantly better fit than a
linear specification, but has little impact on
the main results. The authors obtain mod-
est positive Marshallian elasticities (0.12 to
0.13 in their preferred models) and income
effects of only about —0.005.

A novel feature of Blomquist and
Hansson-Brusewitz (1990) is that they plot
both the “structural” labor supply equation
that would obtain if people maximized util-
ity subject to a linear budget constraint, and
whose parameters can be used to infer the
underlying utility function, and the “mon-
grel” or “reduced form” equation that gives
desired hours as a function of wages, non-
labor income and the existing tax structure.

331t is also interesting to compare a no tax world to
lump sum tax world. Blomquist simulates that a 16,103
SEK lump sum tax would increase hours from 2,443 to
2,506, or 2.6 percent. His nonlabor income coefficient of
—0.0042 (per thousand) implies an increase in hours of
(0.0042)(16,103) = 68 hours, which is quite close.
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This reduced form equation varies as the
tax system varies. Strikingly, although the
“structural” labor supply curve is linear with
a positive Marshallian elasticity throughout,
the reduced form supply curve is backward
bending for wage rates above 26 SEK per
hour. This compares to an average gross
wage rate of 41.75 SEK and an average after-
tax rate of only 14.83 SEK. Thus, a reduced
form analysis that fails to account for pro-
gressive taxation could easily conclude labor
supply is backward bending when this is only
a feature induced by the tax system, not by
underlying preferences.

Finally, when Blomquist and Hansson-
Brusewitz (1990) simulate the consequence
of shifting to a flat rate tax (which must be 37
percent to generate equivalent revenue) they
find that the efficiency loss from taxation falls
from 16 percent to 5 percent of revenue col-
lected, while annual hours of work increase
from 2099 to 2238 (or 6.7 percent). They also
simulate a cut in the national tax rate in the
top several brackets by 5 percentage points,
from a range of 44 percent to 58 percent to a
range of 39 percent to 53 percent. They sim-
ulate that this would increase labor supply
by 0.4 percent while actually increasing tax
revenue by 0.6 percent. This implies that the
upper bracket tax rates in Sweden in 1980
actually exceeded the revenue maximizing
rates (see equation (1)).5

6.1.2 The NIT Experiments (Nonconvex
Budget Constraints)

A good deal of work on labor supply was
stimulated by the NIT experiments con-
ducted in several U.S. cities beginning in
1968. The NIT experiments were intended
to have treatment and control groups.

34Note that Sweden had an array of payroll, value
added and local taxes that brought overall rates to well
above the 58 percent top bracket national rate. In 1980,
the upper limit for the sum of national and local rates was
set at 85 percent.

Members of the treatment groups received
a grant level G that was taxed away, at a fairly
high rate, as they earned income. Thus, G
serves as the guaranteed minimum income
for a person with no earnings or nonlabor
income. At a certain income level a person
reaches the “break-even point” where G is
totally taxed away. Then, they revert to the
normal income tax rate, with is typically
less than the benefit tax rate. This creates a
nonconvex budget constraint, since tax rates
fall as income rises.

illustrates the shape of a typical
nonconvex budget constraint created by the
NIT or other types of welfare programs. The
budget constraint connects points @, b, ¢, and
e. The figure has been drawn so a person who
works zero hours receives G. If they begin to
work their income drops (from a to b), due
to fixed costs of working (FC). I have drawn
an example where, as the person works more
hours, the grant G is taxed away at a 100 per-
cent rate as earnings increase. This is repre-
sented by the flat dotted line from point b
to point ¢. The tax rate in the NIT program
was only 40 percent or 60 percent, but it has
not been uncommon for other types of wel-
fare programs to have rates up to 100 per-
cent. A good example is the Aid to Families
with Dependent Children (AFDC) program
in the United States. Finally, point ¢ is the
breakeven point. Above that the person is off
the program and faces the regular income
tax schedule.

Unfortunately, people in the NIT experi-
ments were not actually assigned randomly
to the “treatment” and “control” groups, and
there is a substantial literature on why this
was the case. Nevertheless, the NIT experi-
ments generated useful variation in budget
constraints across workers that can be used
to help estimate labor supply elasticities.

A very well known analysis of the NIT
experiments was by Burtless and Hausman
(1978). The approach is similar to the Wales
and Woodland (1979) and Hausman (1981)
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Income
Q

Figure 2. The Nonconvex Budget Constraint Created by NIT or AFDC type Programs

Note: The budget constraint created by the program goes through points a, b, ¢, e. It is generated by the program
grant level (G), the fixed cost of working (FC) and the program tax rate, which render the constraint nonconvex.
The straight line through the origin is the after-tax-wage line that would be the budget constraint in the hypothetical
situation of a flat rate tax. The dotted line from b to d shows the shift in the budget constraint when the program tax

rate on earnings is reduced to 50 percent.

studies mentioned earlier. That is, the
authors model how men choose labor sup-
ply subject to the complex nonlinear budget
constraint created by the NIT, including the
choice of which segment to locate on. But,
while the previously mentioned studies dealt
with the convex budget constraints cre-
ated by progressive taxation, the Burtless—
Hausman study was the first to deal with the
nonconvex budget constraint created by a
typical transfer program.

It is important to note that Hall’s (1973)
simplifying idea (i.e., that a person’s hours
choice would be unchanged if he/she had

faced a hypothetical linear budget constraint
through the observed hours point) does not
work in this case. Hall’s idea, which allows
one to work with linear labor supply func-
tions provided one appropriately defines
“virtual” nonlabor income, requires a con-
vex budget constraint.® But as Burtless and
Hausman (1978) discuss, given a noncon-
vex budget constraint, one must specify the

35As an obvious example, the person whose indiffer-
ence curve is drawn in would choose point @, but
he would make a different choice if he faced a linear bud-
get constraint through point a.
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utility function in order to model labor sup-
ply decisions. Given the utility function, one
can assess the maximized utility level on each
segment and kink point of the constraint,
and determine the utility maximizing kink
or segment (and utility maximizing hours on
that segment).

Still, Burtless and Hausman (1978) argued
that, for consistency with prior literature, it
is more intuitive to specify a familiar hours
equation and work back (using Roy’s iden-
tity) to the implied utility function.® Burtless
and Hausman choose to use a double log
specification:

(36) Inh; = 8 4+ elnw(l — 7(w, k)
+ e Ni(wi> hi) + &

Here e and e; would be the Marshallian and
the income elasticities in the hypothetical
case of a person facing a linear budget con-
straint. Equation (36) implies the indirect
utility function:

I+e Nl+el
1+e’

o(w, N) = exp(f) 11”+ .

Burtless and Hausman introduce a stochas-
tic element by letting exp(8) = X; 3 + &
where X; and ¢; are observed and unob-
served taste shifters, respectively, and letting
e;~ TN(pu, Ufl) with a truncation from
above at zero. This restricts the hypotheti-
cal income elasticity, in the linear budget
constraint case, to be negative. It is worth
emphasizing, however, that given the non-
convex budget set, the estimates of e and ¢;
will not tell us anything about how a person
would respond to particular changes in the
tax structure. In a model of this type, that

36 Today, T suspect many economists would be more
comfortable specifying utility functions.

would require simulating the person’s opti-
mal behavior under the new regime.

The implications of this point are far
reaching and worth emphasizing. In par-
ticular, given nonconvexities and piecewise
linear budget constraints, utility function
parameters are no longer tightly linked with
any particular elasticity concept. Thus, labor
supply may appear to be “elastic” or “inelas-
tic,” depending on the type of budget con-
straint shift one considers.

This point is illustrated in The
budget constraint goes through a, b, ¢, e,
and I have drawn the indifference curve so
utility is maximized at a, where h = 0. Now
consider the response of a person with such
preferences to various changes in the budget
constraint:

First, consider the program’s tax rate on
earnings (or “benefit reduction rate”). The
dotted line from b to d represents how the
budget constraint shifts if the tax rate on
earnings is reduced from 100 percent to 50
percent. As we see, this has no effect whatso-
ever on hours of work.

In contrast, a small increase in the work-
er’s market wage rate would cause him/
her to jump from 0 to 40 hours of work per
week (by slightly raising point d). This is true
whether the program tax rate is 100 percent
or 50 percent. Similarly, reductions in the
grant level or in the fixed costs of working
would have large effects.

Thus, given data that contained wide
historical variation in program tax rates,
a researcher studying a program like that
depicted in might well conclude
labor supply is inelastic, so it would be very
difficult to induce members of the target

37This point was emphasized by all the authors who
pioneered this literature. For instance, Blomquist (1983)
states: “A change in the gross wage rate, nonlabor income,
or parameters of the tax system changes the whole form of
the budget set . . . the elasticities presented above should
therefore not be used to calculate [their] effects . . . ”
(emphasis added) (p. 186).
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population to work. Historically, this is
roughly what happened with the AFDC pro-
gram in the United States. Years of tinkering
with the AFDC tax rate in attempts to create
work incentives had little effect, leading to a
conventional wisdom that labor supply was
“inelastic” for single mothers.

Thus, most of the economics profession
was taken by surprise when changes in policy
in the mid-1990s, including wage subsidies
(EITC) and child care subsidies (CCDF), as
well as a strong macroeconomy that raised
wage rates, led in a short period of time to
dramatic labor supply increases for this
group (see Hanming Fang and Keane 2004
for a detailed discussion). Notably, however,
work by Keane and Moffitt (1998) and Keane
(1995), who modeled the budget constraint
created by AFDC (along with other programs
and fixed costs of work) in great detail, pre-
dicted that, while large AFDC tax rate reduc-
tions would have little effect, labor supply of
single mothers would be quite sensitive to
wage subsidies, EITC and fixed cost of work
subsidies (or work bonuses). This illustrates
the value of a structural approach.”

Still, the labor supply literature has had a
strong tendency to report parameters like e in
(36) as “the” Marshallian elasticity obtained
by the study in question. I will generally fol-
low this ingrained tradition, but the reader
should always keep this caveat in mind: when
one sees a typical labor survey that contains
a list of Marshallian and Hicks elasticities,
one should recall that in many cases these
are statements about the shape of workers’
utility functions, not about how they would
respond to particular tax changes.

38 As noted by Hausman (1980), “Structural economet-
ric models which make labor force participation a function
of .. . wages, income transfer levels and the tax system can
attempt to answer questions such as the effect of lower-
ing the marginal tax rates on labor force participation. The
more traditional reduced form models which do not explic-
itly parameterize the tax system will be unable to answer
such questions” (p. 161).

That being said, note that Burtless and
Hausman obtained a “Marshallian elasticity”
ofe ~ 0 and an elasticity of hours with respect
to nonlabor income of ¢; = —0.048. As we see
from (8), to obtain the income effect from
the income elasticity we need to multiply
by wh/N. Given the population under study,
reasonable values (on a weekly basis) appear
to be roughly w = $3.00, h = 35, N = $70
so that wh/N = 105/70 = 1.5, giving a typi-
cal value of ie ~—0.072.% The overall con-
clusion was that the income guarantee in the
NIT experiments led to only modest reduc-
tions in labor supply (i.e., an hours reduction
of about 7.5 percent) X

Pencavel (1986) summarizes results of eight
other studies of the NIT experiments. Again,
the estimates of the Marshallian elasticity
are all small, but the mean is positive (0.03).
Income effects range from about 0.02 to —0.29
(mean —0.10). Hicks elasticity estimates are
bunched fairly tightly around the mean of 0.13.

6.1.3 A Brief Summary of the Literature
up to 1990

Here it is useful to summarize the state
of the literature up to 1990. I discussed four
papers that used sophisticated econometric
methods to model labor supply with progres-
sive taxes. These studies tended to find larger

39Burtless and Hausman (1978) do not go into much
detail about characteristics of the sample. I choose h = 35
because they indicate this was the mean of hours, and
I choose N = $70 because their examples imply that G
was approximately $3,500 per year w = $3.00 seems
plausible given the time and sample, which was very low
income. Alternatively, they evaluate wh/N at the first kink
point in the budget constraint for control subjects (see
the first row of their table 2). This gives a higher ie of
[(1.67) x (43.16)/(27.8)](-0.048) = (2.6)(-0.048) =
-0.125.

40 Burtless and Hausman (1978) have been criticized
because they let the income elasticity e; be heterogeneous
in the population, and a large fraction of the estimates were
bunched near zero. See MaCurdy, Green, and Paarsch
(1990). The implication is that much of the mass would
have been on positive values for the income elasticity if this
had been allowed. Even so, it seems the main conclusion of
small income effects would not be altered.
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labor supply elasticities than in earlier work
using “simpler” methods. They also found
large efficiency losses from taxation. Hausman
(1981), Blomquist (1983), and Blomquist and
Hansson-Brusewitz (1990) estimated effi-
ciency losses from progressive taxation of 22
percent, 12 percent, and 16 percent of rev-
enue, respectively, and that these losses could
be greatly reduced by shifting to a flat tax; to
7 percent, 2 percent, and 5 percent, respec-
tively. The fourth paper, Wales and Woodland
(1979), did not calculate tax effects, but they
presumably would have found similar results,
given their large Hicks elasticity estimate
(0.84). Hausman (1985b) argued this body of
work provided a strong case for a flat rate tax.
In contrast, the NIT experiments produced
small estimates of labor supply elasticities for
low-wage workers.

6.1.4 The “Hausman—MaCurdy
Controversy”

In a very influential paper, MaCurdy,
Green, and Paarsch (1990) challenged
the conclusions about progressive taxation
described above. In fact, they argued that
the whole approach to estimating piecewise-
linear budget constraint models represented
by Hausman (1981) was fundamentally
flawed because the method was biased
toward finding large Hicks elasticities. This
became known as the “Hausman—MaCurdy
controversy.”

To understand the issue, consider a linear
specification as in (35). For a person on seg-
ment #1 in the labor supply equa-

tion is
(37a) h=0p+ B, w1l —7) + B;,N + &,

while, for a person located on segment #2,
the labor supply equation is

37) h = 3 + B, w(l —1y)

+ BN + w(r, — 1)H,] + «.

In (37b), I have substituted V,= N +
w(ry, — 7)H,.

Now, the taste shock e has to be above a
certain threshold (such that desired hours
are at least H,) for the person to locate on
segment #2. And ¢ has to be below some
threshold in order for the person to choose
to locate on segment #1.5 Crucially, there is
an intermediate range of ¢ such that a person
chooses to locate precisely at the kink point
H,. This occurs if

(38a) B + B, w(l — 1)

+ BN + w(ry, — 7)H,y] + € < H,

(38b) B + Bow(l —7)
+ 6N + € > H,.

Equation (38a) says, given a hypothetical
budget line that extends segment #2 down
to h =0, the person would choose hours
less than H,. Equation (38b) says, given a
hypothetical budget line extending segment
#1 up to h = H,,,,, the person would choose
hours greater than H,. For the actual two-
segment constraint, the best choice is to
locate precisely at the kink point H,.

Now, rearranging (38) to express it as a
range on €, we obtain

(38l) €< HZ - ﬂ - ﬁw w<]~ - 7-2)
— BN + w(ry, — 7)H,] = Ule)
€> H2_ﬂ_ﬂww<l_7-l>

— BN = Le).

410f course, this dependence of the range of the errors
on the observed segment is precisely why the errors do not
satisfy standard OLS assumptions in models with progres-
sive taxation.
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Here I use U(e) and L(¢) to denote the upper
and lower bounds on € such that a person
wants to locate at the kink point. Obviously
we must have U(e) > L(e) in order for the
probability of locating at the kink point to
be positive. Indeed, the opposite case of
U(e) > L(e) would imply the logical impos-
sibility that the probability is negative,
implying an internal inconsistency within the
model. The condition that U(e) > L(e) can
be written as

—Bow(l —75) — BN + w(ry — 7)H,]

> _ﬂww<l - Tl) - /81 N,

which can be further simplified to
(39) Bw[w(l - 7'1) — w(l — 7'2)]
— Brw(ry—1)Hy > 0

or simply 3, — B;H,; > 0, which we can put
in elasticity terms to obtain

(40) (w/Hy)[8, — BiH] > 0.

The left hand side of (40) is simply the defi-
nition of the Hicks elasticity from equation
(8), for the linear model (35), evaluated at
hours level H,. Thus, MaCurdy, Green, and
Paarsch (1990) argued that the Hausman
approach to piece-wise linear tax models
requires the Hicks elasticity to be positive (at
all kink points) to avoid generating negative
probabilities.

Notice that, if 5, >0 (i.e., the income
effect has the “wrong” sign, implying leisure
is not a normal good), then (40) will have to
turn negative for large enough values of H,.

42Reversing this logic, we can infer the magnitude of
the Hicks elasticity from how many people locate at kinks
(see Saez 2010). But Raj Chetty et al. (2009) show that,
with a small amount of friction in hours adjustments or a
small amount of measurement error, large Hicks elastici-
ties can be consistent with a small amount of bunching.

Thus, for all practical purposes, if confronted
with a tax system with kinks at high levels of
income, the Hausman approach requires
that 3, < 0.8 Indeed, Burtless and Hausman
(1978), Hausman (1981), and Blomquist
(1983) all restrict 8; < 0 in estimation.™

To gain intuition for why (40) is necessary
to induce people to locate at kink, suppose
Br > 0. Then, for a person located at H,,
the increase in virtual nonlabor income that
occurs if he/she increases hours above H, is
actually an inducement to increase hours,
not a deterrent. Thus, the only thing to keep
the person from increasing hours beyond H,
is if the Marshallian elasticity is large enough
to outweigh the perversely signed income
effect (as the wage drops if the person moves
above H,). But this means by definition the
Hicks elasticity is positive.

To proceed, MaCurdy, Green, and Paarsch
(1990)—referring to surveys by Pencavel
(1986) and Hausman (1985b)—noted how
papers that used “simple” empirical meth-
ods tended to obtain small Hicks elasticities,
including even perverse negative values. In
contrast, the papers that used the piecewise-
linear budget constraint approach tended
to get large Hicks elasticities. MaCurdy,
Green, and Paarsch (1990) argued that the
difference in results did not arise because
the piecewise-linear budget constraint
models did a better job of incorporating
taxes. Instead, they argued the difference

43 Equation (39) says the uncompensated wage effect
(B,), times the drop in the wage in going from segment
#1 to segment #2, must exceed the income effect (5;)
times the increase in virtual nonlabor income. Normally,
we would expect §; <0, so the second term in (39) is
positive. Then (39) simply constraints how negative 3,
the sign of which is theoretically ambiguous, can be (i.e.,
the Marshallian elasticity can’t be too negative). But, if 5,
has the “wrong” sign (i.e., ;> 0), then the second term
is negative and increasing in H,. In that case, it becomes
very difficult to satisfy (39) for large values of H, unless the
Marshallian elasticity is a very large positive.

44All these papers assume the income effect is ran-
domly distributed in the population with a truncation at
Zero.
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arose simply because the piecewise-linear
approach imposed the restriction in (40) that
the Hicks elasticity be posi‘cive.E This criti-
cism was highly influential, leading many to
discount the large Hicks elasticities obtained
using the piecewise linear methods, and con-
tributing to the consensus that the Hicks
elasticity is small.

MaCurdy, Green, and Paarsch (1990) pro-
posed an alternative idea of approximating a
piecewise linear convex budget constraint by
a smooth (i.e., kink free and differentiable)
polynomial function. Suppose that the tax
function is a differentiable function of earn-
ings, which I'll denote by 7(w,h,). Then, for
example, equations (3) and (5) become

[w,h, + N, — T(w,h,)]""

BN, =

t 1_’_,’7
hl+’7
- ’lii——’y n<0 v>0
, _ MUL(h)
(5) MRS = 7MUC(h)
B hi

[wt ht +N, — T<wt ht)]n

= w1l —7(w,h,)).

45To quote MaCurdy, Green, and Paarsch (1990):
“As documented in the surveys of Pencavel (1986) and
Hausman (1985b), empirical studies . . . based on econo-
metric approaches incorporating piecewise-linear con-
straints produce . . . estimates of compensated substitution
responses that have the sign predicted by economic mod-
els of consumer choice, which is in contrast to much of
the other empirical work on labor supply. This finding of
greater consistency with economic theory has been inter-
preted . . . as evidence confirming the merits of accounting
for taxes using the piecewise-linear approach. Contrary to
this interpretation, this paper shows that the divergence
in the estimates . . . follows directly from features of the
econometric models that implicitly restrict parameters . . .
The simple estimation approaches impose no restrictions,
but maximum likelihood techniques incorporating piece-
wise-linear budget constraints require . . . Slutsky condi-
tion to hold at various points in estimation” (pp. 416-17).

Comparing (5) and (5'), we see that the con-
stant tax rate 7in (5) is replaced by 7'(wh,),
the derivative of the tax function evaluated at
earnings level w, h, (i.e., the tax on a marginal
dollar of earnings). 7(w,h,) can be chosen to
provide a good approximation to the actual
tax system.

Now, while it is undeniable that the piece-
wise-linear budget constraint approach must
constrain the Hicks elasticity to be positive to
generate a sensible econometric model (with
probabilities guaranteed to be positive), it
is not obvious that this can explain the dif-
ference in results between piecewise-linear
budget constraint studies and those that use
simpler linear regression methods. I say this
for two reasons: First, a number of studies
that use a piecewise-linear budget constraint
approach do nevertheless find Hicks elastici-
ties that are close to zero. Conversely, some
papers using simpler methods to handle
taxes find large Hicks elasticities.

For example, consider what happened
when MaCurdy, Green, and Paarsch (1990)
applied the same approach as Hausman
(1981) to a sample of 1,017 prime age men
from the 1975 PSID. Like Hausman, they
assume a linear hours equation as in (35)
with a random coefficient on nonlabor
income. Strikingly, MaCurdy, Green, and
Paarsch obtained a wage coefficient of essen-
tially zero and a (mean) income coefficient of
—0.0071 (see their table 2, first column). The
latter implies an income effect of roughly
w - (Oh/ON) = (4.4)(-0.0071) = -0.031 and
hence a Hicks elasticity of roughly 0.031 at
the mean of the data. Thus we have an exam-
ple where the piece-wise linear approach
does yield a very small Hicks elasticity.

There have been other applications where
the piecewise-linear approach yielded small
Hicks elasticities. A good example is Robert
K. Triest (1990) who applies methods very
similar to Hausman (1981) to study 978 mar-
ried men aged 25-55 in the 1983 PSID. He
obtains an income elasticity of essentially
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zero and Marshallian and Hicks elasticities of
roughly 0.05. And recall that the Blomquist
(1983) study that I discussed earlier obtained
a Hicks elasticity of roughly 0.11 and an
income effect of —-0.03, which can hardly be
called large.

Next consider papers that use “simple”
methods but still obtain large Hicks elas-
ticities. A prime example is the classic paper
by Hall (1973). Recall that he linearized
the budget constraint around the observed
wage/hours combination, but did not model
the choice of segment. But, like Hausman
(1981), he obtained a large Hicks elasticity
(0.45).

As for the “simple” approach of assuming a
smooth approximation to the kinked budget
constraint, as in (3')—(5'), MaCurdy, Green,
and Paarsch (1990) note that this approach
also constrains the Hicks elasticity, except
now the constraint is a bit weaker: instead
of requiring it to be positive, it requires
that it can’t be “too negative.” But the situ-
ation is not fundamentally different. As the
smooth approximation to the budget con-
straint is made more accurate, the bound on
the Hicks elasticity gets tighter, converging
to a lower bound of zero as the approxima-
tion approaches the true constraint. When
MaCurdy, Green, and Paarsch (1990) apply
this approach, they conclude (see page 458):
“there is no perceptible difference in the
estimates obtained assuming differentiable
and piecewise-linear tax functions.”

Thus, it is not clear that use of piecewise
linear budget constraint methods versus
simpler methods can explain the large diver-
gence in results across studies. It is partic-
ularly puzzling that Wales and Woodland
(1979), Hausman (1981), MaCurdy, Green,
and Paarsch (1990), and Triest (1990) all
applied the piecewise linear approach to
data on married men in the PSID, using data
from nearby (sometimes identical) waves,
and yet the former two studies obtained very
large Hicks elasticities and income effects

while the latter two studies obtained negli-
gible values for each. Indeed, the latter two
papers explicitly make note of the fact that
this contrast is puzzling.

6.1.4.1 An Attempt to Resolve the
Controversy—EKklof and Sacklén
(2000)

The excellent replication study by Eklof
and Sacklén (2000) sheds a great deal of light
on the reasons for the divergence in results
between Hausman (1981) and MaCurdy,
Green, and Paarsch (1990). Both papers
study married men aged 25 to 55 in the 1976
wave of the PSID. The MaCurdy, Green,
and Paarsch sample size is a bit smaller (1018
versus 1084), because they apply slightly
more stringent selection criteria,* but Eklof
and Sacklén (2000) show this is not a main
reason for differences in results. Rather, the
difference appears to arise because the two
studies adopt very different definitions of the
wage and nonlabor income variables.

A key point about the PSID is that it con-
tains questions both about the interview
week (e.g., What is your current wage rate?)
and about the prior year (e.g., What were
your annual earnings and annual hours dur-
ing the past year?). Hausman (1981) uses
the current wage question as his measure of
the wage rate, while MaCurdy, Green, and
Paarsch (1990) use the ratio of annual earn-
ings to annual hours. Both of these wage
measures have problems:

Hausman’s current wage measure is miss-
ing for 87 workers and for 4 workers who
were not employed in the survey week, and it
is top coded at $9.99 per hour for 149 work-
ers. Hausman imputes these missing wage
observations for 240/1084 = 22 percent of
the sample using a regression method. In

46 The main difference is Hausman (1981) requires that
workers not be self-employed at the 1976 interview, while
MaCurdy, Green, and Paarsch (1990) requires they not be
self-employed in both 1975 and 1976. This costs 55 people.
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addition, even an accurately measured cur-
rent wage is presumably a noisy measure of
the wage rate that is relevant for the whole
prior year.

MaCurdy, Green, and Paarsch’s ratio
wage measure suffers from the denomina-
tor bias problem discussed in section 4: Say
observed hours equal h* = h + ¢, where h is
true hours and € is measurement error, and
we construct the wage as w* =E"/(h + ¢),
where E* is measured earnings. Then the
measurement error in hours tends to induce
negative covariance between h* and w". This
denominator bias has the potential to drive
the wage coefficient negative.

In addition, Hausman (1981) and
MaCurdy, Green, and Paarsch (1990)
take very different approaches to measur-
ing nonlabor income. Hausman simply
imputes an 8 percent return to equity in
owner occupied housing (the only financial
asset measured in the PSID). In contrast
to this narrow measure, MaCurdy, Green,
and Paarsch (1990) construct a very broad
measure by taking total household income
minus labor earnings of the husband. The
broad measure has the problem that it
includes the wife’s income, which may be
endogenous (i.e., jointly determined with
husband earnings). In contrast, Hausman’s
narrow measure simply leaves out many
types of nonlabor income. The sample mean
of MaCurdy, Green, and Paarsch’s nonlabor
income measure is three times greater than
Hausman’s. Neither includes imputed ser-
vice flows from consumer durables.

Finally, Hausman (1981) and MaCurdy,
Green, and Paarsch (1990) use different
hours measures. MaCurdy, Green, and
Paarsch (1990) use a direct question about
hours of work in 1975. Hausman (1981) uses
questions about usual hours per week and
number of weeks worked in 1975. The mean
of MaCurdy, Green, and Paarsch’s hours
measure is 2,236 while that of Hausman’s
hours measure is 2,123.

Using the same data as MaCurdy, Green,
and Paarsch, Eklo6f and Sacklén (2000) are
able to replicate their results (for the piece-
wise linear approach) almost exactly. That
is, the wage coefficient bumps up against
the nonnegativity constraint and has to be
pegged at zero. And the mass of the random
nonlabor income coefficient piles up near
zero. Then EkIof and Sacklén report results
of an experiment where, either one by one or
in combination, they shift to Hausman’s wage
measure, nonlabor income measure, sample
selection criteria, and/or hours measure.

A subset of the results is reproduced in
The first row presents the replica-
tion of MaCurdy, Green, and Paarsch (1990).
The only difference is a slight change in the
computation procedure that leads to a small
increase in the estimated income effect
(from about —0.037 to —0.068).2 The second
row shows the effect of adopting Hausman’s
sample selection criteria. This leads to a dou-
bling of the income effect to —0.136. But the
wage coefficient remains pegged at zero.

In the third row, the authors switch to
Hausman’s narrower definition of nonlabor
income. This has a dramatic effect on the
results, as the income effect jumps to —0.488.
This is actually quite disconcerting. Given
that each papers definition of nonlabor
income is quite debatable, and that, as noted
in section 4, it is not at all obvious how one
should define nonlabor income in a static
model (as nonlabor income evolves over the
life cycle based on savings decisions), it is
unfortunate that results are so sensitive to
how it is defined ™

47MaCurdy, Green, and Paarsch (1990) reported it was
necessary to constrain the variance of the random income
effect to obtain sensible estimates, but Eklof and Sacklén
(2000) did not have this problem in the replication.

48 T was puzzled why the authors maintained a peg of
the wage coefficient at zero in this model. With an income
effect of —0.488, the Marshallian elasticity can go well neg-
ative while maintaining a positive Hicks elasticity.



Keane: Labor Supply and Taxes: A Survey 995

TABLE 3
EKLOF AND SACKLEN (2000) ANALYSIS OF HAUSMAN VERSUS MACURDY—GREEN—PAARSCH (M—-G-P)

Coefficient on:

Nonlabor ~ Sample

Wage income selection Hours Nonlabor ~ Marshall Income Hicks
measure measure criteria measure Wage income elasticity effect elasticity
M-G-P M-G-P M-G-P M-G-P —0.011 0.000 —0.068 0.068
M-G-P M-G-P Hausman M-G-P —0.022 0.000 —0.136 0.136
M-G-P Hausman M-G-P M-G-P —-0.079 0.000 —0.488 0.488
Hausman M-G-P M-G-P M-G-P —0.004 0.030 —-0.025 0.055
Hausman Hausman M-G-P M-G-P n/a 0.078 n/a n/a
Hausman Hausman Hausman M-G-P —0.036 0.078 —0.222 0.300
Hausman Hausman Hausman Hausman —0.036 0.048 —0.222 0.270
Hausman’s reported results —0.120 0.000 —0.740 0.740

Notes: For the sake of comparability all elasticities and income effects are calculated using the mean wage of $6.18
and the mean hours 2,123 from Hausman (1981). In the authors’ attempt to replicate Hausman’s data set, the cor-
responding figures are 6.21 and 2,148. The mean values of both hours and wages are a bit higher in the MaCurdy
et al. data set, but this makes little difference for the calculations. For the random nonlabor income coefficient, the

table reports the median.

The fourth row gives results using
Hausman’s wage measure. Strikingly, the
wage coefficient is now positive, implying
a small but positive Marshallian elasticity
(0.03). But the income effect remains very
small (=0.025), implying a Hicks elasticity of
only 0.055.

The fifth row shows the effect of simul-
taneously adopting Hausmans wage and
nonlabor income measures. This causes the
Marshallian elasticity to jump further to
0.078, but unfortunately the authors do not
report the income coefficient for this case.
The sixth row shows the effect of simul-
taneously adopting Hausmans wage and
nonlabor income measures, and his sample
selection criteria. The Marshallian elastic-
ity remains at 0.078 and the income effect
is —0.222, giving a fairly large Hicks elasticity
of 0.300.

Finally, the sixth row also adopts Hausman’s
hours measure. Having adopted all of his

variable definitions and sample screens, row
6 is in fact the authors attempt to replicate
Hausman (1981). The results have a similar
flavor to Hausman’s: the Marshallian elastic-
ity is modest (0.048) but the income effect is
-0.220, giving a fairly large Hicks elasticity
of 0.270.

Based on these results, the authors con-
clude it is not the piecewise linear budget
constraint approach per se that explains why
Hausman (1981) obtained a much larger
Hicks elasticity than other authors. Instead,
Eklof and Sacklén (2000) argue that the key
differences were Hausman’s use of a direct
wage measure and his narrow definition
of nonlabor income. In particular, the evi-
dence suggests that measuring the wage as
an annual earnings divided by annual hours
does lead to denominator bias that tends to
drive the wage coefficient negative.

As further evidence of this assertion, they
point to the special issue on labor supply in
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the 1990 Journal of Human Resources. In
three studies that use a ratio wage measure
(Triest 1990, MaCurdy, Green, and Paarsch
1990, Ugo Colombino and Daniela Del Boca
1990), the Hicks elasticity is either negative
or runs up against a nonnegativity constraint.
But in three studies that use a direct wage
measure (Blomquist and Hansson-Brusewitz
1990, van Soest, Woittiez, and Kapteyn 1990
and their own version of MaCurdy, Green,
and Paarsch (1990)), the Hicks elasticity is
positive.@

The last two rows of compare Eklof
and Sacklén’s replication of Hausman (1981)
with Hausman’s reported results. Clearly,
there are large differences. While Hausman
obtained a Marshallian elasticity close to
zero, the authors obtain 0.048. And while
Hausman obtained a large income effect
of —0.740, Eklof and Sacklén obtain a per-
haps more plausible value of —0.2225 What
accounts for these differences? The authors
note that they could not match Hausman’s
sample exactly. They also note that the likeli-
hood is quite flat near the optimum. A wide
range of different values for the mean and
variance of the random coefficient on non-
labor income produce similar likelihood val-
ues. Thus, they speculate that fairly minor
changes in the dataset could have produced
a fairly large change in the estimates.

Recall that Hausman (1981) calculated
that tax progressivity led to an efficiency

49 Blomquist (1996) conducted a Monte Carlo study
where he compared the performance of the piecewise lin-
ear ML approach with the simpler Hall (1973) approach of
linearization combined with IV. For the case where both
earnings and hours are measured with error and a ratio
wage measure is used, he finds both ML and IV give wage
coefficients severely biased toward zero. But, if a noisy
direct wage measure is used, both estimators perform
fairly well. But the problems created by error in measuring
taxable nonlabor income can be much more severe. It can
create severe bias for both ML and 1V, and the direction
of the bias depends on the nature of the error (i.e., classic
measurement error, imputing deductions, etc.).

50Recall that Pencavel (1986) argued the income effect
estimated by Hausman (1981) was implausibly large.

loss of 22 percent of revenues. This value
is driven largely by his large estimate of the
Hicks elasticity. As Eklof and Sacklén (2000)
obtain a mean Hicks elasticity about a third
of Hausman’s, one is tempted to conclude
the implied efficiency loss is about a third
as large as well. But these models assume a
distribution of income effects, and Eklof and
Sacklén (2000) obtain both a lower mean and
a higher variance. Thus, it is not at all clear
what simulation of their model would imply
about efficiency losses. It is unfortunate such
a simulation is not available.

6.1.4.2 A Nonparametric Approach—
Blomquist, Ekljf, and Newey (2001)

One possible reaction to the “Hausman—
MaCurdy” controversy is to adopt a less
structured approach to modeling the effect
of progressive taxation. This is done in
Blomquist, Eklof, and Newey (2001). Their
idea is to run a nonparametric regression of
hours on a set of variables that completely
characterize the budget constraint. In the
case of a linear constraint, this is just a non-
parametric regression of hours on the wage
and nonlabor income (meaning, in prac-
tice, using polynomials in these variables as
regressors). But with a piecewise linear con-
straint the regressors are the intercepts and
slopes of each segment 5!

They apply this idea to data on married
men (aged 20-60) from the Swedish Level
of Living Surveys of 1973, 1980, and 1990.
The progressivity of the tax system was
greatly reduced from 1980 to 1990, so this
study implicitly uses this variation in tax rates
to identify labor supply elasticities. But a dif-
ficulty arises in applying the nonparametric
approach because the Swedish tax system

51Given that one regresses hours on the “the whole
budget set,” the problem of endogenous choice of seg-
ment is circumvented. However, as the budget set facing
an individual depends on their own (pretax) wage and non-
labor income, endogeneity of (pretax) wages and nonlabor
income is still an issue.
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had many segments (e.g., twenty-seven
in 1980). Thus, the tax system in each of
the three years is approximated by a three
segment constraint. Intercepts and slopes
of these three segments are then used as
regressors in the nonparametric regression.

The authors report a Marshallian elastic-
ity at the mean of the data of 0.075 and an
income elasticity of —0.038. Based on their
tables 1 and 2, it appears a “typical” per-
son in 1980 faced the linearized constraint
I =59,110 + (0.25)(wh) with w =54 SEK
and h = 2,080. This implies an income effect
of ie =1(0.48)(-0.038) = —-0.019 and thus
a Hicks elasticity of 0.094. Estimation of a
more conventional parametric model gives
a Marshallian elasticity of 0.137 and a Hicks
elasticity of 0.144 (evaluated at the same
point).

Blomquist, EkI6f, and Newey (2001) simu-
late effects of different aspects of the reform,
but consider just the drop in marginal rates.
From 1980 to 1991, the marginal rate for the
“typical” person fell from 75 percent to 69
percent, while virtual income fell only 1,000.
Using the nonparametric model, the authors
simulate that the reduction in progressivity
from 1980 to 1991 increased (mean) hours
from 2,082 to 2,157 (or 3.9 percent), while
reducing revenue by 9 percent® To get
a rough idea of the implied efficiency gain
from the reform, imagine reversing it. If
there were no behavioral response (i.e., labor
supply stays fixed at the 1991 level), tax rev-
enue would be roughly 4 percent higher in
1980 than under the baseline. Thus, revenue
would increase by roughly 14 percent in the
absence of a behavioral response. Instead,
the increase is only 10 percent due to the
labor supply reduction. So the implied effi-
ciency loss from reverting to the 1980 system
is substantial.

52The parametric model predicts a larger increase in
hours, from 2,084 to 2,215, or 6.3 percent.

6.1.5 A Look at the Distribution of
Hours of Work

The paper by van Soest, Woittiez, and
Kapteyn (1990) uses the Dutch Organization
of Strategic Labor Market Research 1985
survey. It contains a direct question about
wages on a weekly or monthly basis. Using
a piecewise linear approach, the authors
obtain a Marshallian elasticity of 0.19 and an
income effect of —0.09; so they have no prob-
lem with the nonnegativity constraint on the
Hicks elasticity (0.28).5 1n my view, the more
important aspect of this paper is that, as far
as I can discern, it was the first (for males) to
use simulated data from the model to exam-
ine model fit™ A rather striking failure of
the labor supply literature (which it shares
with many other literatures in economics) is
the lack of effort to examine model fit. What
the authors find, perhaps not surprisingly, is
that a simple linear labor supply function like
(35), combined with a piecewise linear bud-
get constraint, does a very poor job of fitting
the observed distribution of hours. In partic-
ular, it is completely unable to generate the
substantial bunching of male hours at forty
hours per week (see their figure 1).

The authors attempt to rectify this prob-
lem by introducing a demand side constraint
on possible hours choices. Each worker
is assumed to draw a set of hours points at
which he may locate, and a probability of
each point is estimated. Of course, offers of
forty hours are estimated to be much more
likely than offers of lower hours levels. So
this model does fit the spike in hours at

53Based on our discussion of Eklof and Sacklén (2000),
this is as we would expect given that they use a direct wage
measure. Van Soest, Woittiez, and Kapteyn (1990) do not
give information on the construction of their nonlabor
income variable, but in private correspondence the authors
told me that they used a fairly narrow measure that consists
only of child benefits (that do not depend on income) and
capital income (which few households have).

54For females, see the discussion of Cogan (1981) in
section 7.1.1.
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forty (as well as the distribution over other
points) quite well. What seems unsatisfac-
tory is that the model contains no rationale
for why offers of lower levels of hours are
uncommon. One explanation would be start
up costs at work, so that productivity rises
with hours but starts to decline somewhere
after forty. An alternative supply side story
for why low levels of hours are uncommon is
fixed costs of work (see John F. Cogan 1981
in section 7).

6.1.6 Summary of the Static Literature on
Male Labor Supply

To summarize, the literature on static
models has not produced a clear consen-
sus on male labor supply elasticities. Some
claim that piecewise linear budget constraint
methods produce large Hicks elasticities
while “simpler” IV methods produce small
elasticities. But Eklof and Sacklén (2000)
find that differences in results between sev-
eral such studies are better explained by
different definitions of the wage rate and
nonlabor income. The use of annual ratio
wage measures, as opposed to hourly or
weekly measures, tends to generate smaller
elasticities, presumably due to denominator
bias. And more narrow definitions of nonla-
bor income tend to generate larger income
effects. Given the problem of denominator
bias, it seems fairly clear that the use of ratio
wage measures should be avoided in favor of
hourly measures.® But the best way to mea-
sure nonlabor income is not at all clear.

In general, nonlabor income may include
many components, such as interest income
from assets, the service flow from durables,
government transfer payments, transfers
from relatives, and, in a household context,

55This is not to say that an hourly wage measure is ideal.
Its drawback is that we are typically modeling labor supply
over a longer period, such as a year. Indeed, this is presum-
ably the reason that many studies chose to use annual wage
measures (to match the time period of the wage with that
of the observed labor supply behavior).

spouse’s income (or some share thereof).
Determining the “right” measure of nonla-
bor income in a static labor supply model
is difficult in part because the static model
does not provide a framework to even think
about asset income. Indeed, in a static model
assets should not even exist, as there is no
motive for saving. This leads us naturally
to an examination of life-cycle labor supply
models with savings.

6.2 The Life-Cycle Labor Supply Model
with Savings

In dynamic models, workers make labor
supply decisions jointly with decisions about
consumption/savings, and the evolution of
nonlabor income becomes part of the model.
But, as I will discuss below, estimation of
dynamic models is difficult. Thus, some
authors have sought to develop alternative
approaches that maintain the simplicity of
static models while producing estimates that
are still consistent with life-cycle behavior.

6.2.1 Simple Methods for Estimating the
Life-Cycle Labor Supply Model—
MaCurdy (1983)

In an important paper, MaCurdy (1983)
developed a scheme for estimating the
parameters of a life-cycle labor supply model
using techniques no more complicated
than instrumental variables. To see how his
method works, we return to the life-cycle
model of section 3.2 and rewrite equation
(22) as

8,17
41 -
W T =+ N BT
= I — -
t

It is important to note that, while (41)
assumes a flat rate tax, an optimality con-
dition analogous to (41) will also hold in a
world with progressive taxation. Then, 7, is
the marginal tax rate the person faces at time
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Figure 3: The Budget Constraint Created by Progressive Taxation in the Presence of Saving

t, for the tax bracket in which he/she sits at
that time (as in equation (5")).% Also, the
equation for consumption must be modified.
This is illustrated in for a system
with two brackets. Consider a person who
chooses to locate on segment 2, so h, > H,,
where H, is the hours level that renders the
person’s earnings high enough that he/she

56 Condition (41) would fail to hold for a person who
locates at a kink point. Thus, MaCurdy assumes the tax
system is approximated by a smooth function, ruling out
kink points.

enters tax bracket #2. The consumption level
for this person is
(42a)

C, = w(l — 1)h, + V,,

where “virtual” nonlabor income V; is given

by

(42b) V, = w/(r, — 7)Hy + N, + b,.

MaCurdy (1983) noted these points, and also
that the optimality condition (41) contains
only variables dated at time ¢. Hence, despite
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the fact that we have a dynamic model with
saving, the preferences parameters v and
n can be estimated from a single period of
data, provided we utilize not only data on
hours and wages, but also on consumption.
MaCurdy proposed two methods for doing
this, and both play a key role in the subse-
quent literature:

Method 1: Estimate (41) using two stage
least squares. As MaCurdy notes, (41) must
hold at the optimal hours choice, regardless
of whether there is a flat-rate or progres-
sive tax (provided the person is not at a kink
point). To put (41) in a form that can be esti-
mated, we need to introduce a source of sto-
chastic variation in hours and consumption
choices. Let the parameter (3, which shifts
the MRS between consumption and leisure,

be given by
(43) By = exp(Xy o — €,).

Here X, represents observed characteristics
of person i that shift tastes for consumption
versus leisure, and ¢, represents unobserved
taste shifters. Now, taking logs of (41), and
putting i subscripts on all variables to indi-
cate person specific values, we get

(44) Inwy(1—7,) = vInh, — nlnC,

+ Xypa — &

Note that (44) is not a typical labor sup-
ply equation (with hours as the dependent
variable). Rather, it is simply a relationship
among three endogenous variables—the
after-tax wage, hours and consumption—that
must hold if person i is making work/con-
sumption choices as suggested by economic
theory. All three variables are endogenous
as they are correlated with the taste shocks
i This occurs for reasons we have already
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discussed.? As a result, it is just a matter of
convenience which endogenous variable we
call the “dependent” variable.

Given the endogeneity of hours and con-
sumption, we should estimate (44) using IV.
Instruments must be correlated with wages,
hours, and consumption but not with unob-
served tastes for work ¢;,. Naturally, the
choice of instruments tends to be controver-
sial in any such approach. Estimation of (44)
gives values of the structural parameters of
preferences v and 7, from which we can con-
struct the Marshall, Hicks, and Frisch elas-
ticities, as in equation (21).

Method 2: Estimate a labor supply func-
tion consistent with the life-cycle frame-
work. The idea here is to extend the Hall
(1973) approach to the dynamic case simply
by redefining virtual nonlabor income for
period ¢ to include b,. The approach is illus-
trated in for the case of a two bracket
tax system. Note that, if a person locates on
segment #1, then his/her after-tax wage is
w,(1 — 7;) and virtual nonlabor income is
V, =N, + b,. If a person locates on segment
#2, the after-tax wage is w,(1 — 7) and vir-
tual nonlabor income is V, = w, (1, — 7)H,
+ N, + b,. Notice that, regardless of seg-
ment, virtual nonlabor income is given by

(45) V, = C, — w(l — 7)h,

where 7, denotes the tax rate for the segment
on which the person locates at time ¢. Thus,
MaCurdy suggests estimating labor supply
equations of the form

(46) hz'z = h(wn(l - 7};)5 Vih Xit)'

57Obviously, hours are endogenous as a person with
a low value of ¢; tends to work more hours. The after-tax
wage is endogenous because a person who is hard working
will: (i) tend to have a high pretax wage because he/she
puts in greater effort, and (i) tend to face a higher tax rate
because he/she works enough hours to be pushed into a
high bracket. And consumption is endogenous because it is
a function of the endogenous w and h.
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To implement this procedure, one must pick
a particular functional form for the labor sup-
ply function in (46). For example, one might
chose the linear specification in (35) or the
double log specification in (36). Also, as both
the after-tax wage rate and virtual nonlabor
income are endogenous, we must instru-
ment for them, analogous to the approach in
method #1.

MaCurdy (1983) implements methods
#1 and #2 on a sample of 121 married men
in the control group of the Denver Income
Maintenance Experiment (DIME), a nega-
tive income tax experiment, in 1972-75. To
implement method #l—equation (44)—
MaCurdy includes as observed taste shifters
(X;,) number of children and race. His main
instruments are quadratics in age and educa-
tion, and interactions between the two. This
makes sense given the strong correlation
between education and lifetime earnings,
and the fact that both wages and hours follow
hump shapes over the life cycle. The interac-
tions capture that the shapes of these humps
differ by education level. But use of these
instruments requires the strong assumption
that age and education are uncorrelated with
tastes for work.

MaCurdy estimates that v=0.16 and
n=-0.66. To compare these values to
prior literature, he calculates what they
would imply about labor supply elastici-
ties given a linear budget constraint. It
turns out the estimates imply highly elas-
tic labor supply. Using our formulas for
a person with no nonlabor income (see
equation (21)) the implied Marshallian
elasticity is (14 n)/(y—n) =042, the
Hicks is 1/(y—m) =122, the income
effect is /(v — n) =-0.80, and the Frisch
is 1/(0.16) = 6.25. At the mean of the data,
MaCurdy calculates a Marshallian elastic-
ity of 0.70, a Hicks elasticity of 1.47, and an
income effect of woh/ON = -0.77.

Turning to method #2, MaCurdy consid-
ers both linear and double log specifications,
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using the same controls and instruments as
in method #1. For the double log, he obtains

Inh, = 0.69 Inw,(l—7,)—0.0016 V,
(0.53) (0.0010)
+ Xy o + g,

while for the linear specification he obtains

hy, = 194 w,(1 —7,) — 0.16 V,
(13.8) (0.07)
+ Xy + g,

where the figures in parentheses are stan-
dard errors. The log specification gives a
Marshallian elasticity of 0.69, almost iden-
tical to that obtained via method #1 at the
mean of the data.

MaCurdy (1983) also evaluates the
other elasticities at the mean of the data.
This requires knowing that the mean of
Vi = Cy — wy(1 — 7,)h; = $133 per month,
the mean of the after-tax wage is $2.75 per
hour and the mean of hours is 170 per month.
In the double log model, the income effect
is then (wh)(1/h)0h/0V = (468)(-0.0016)
= —0.75. This is again almost identical to the
value obtained using method #1. The Hicks
elasticity is thus 0.69 + 0.74 = 1.44.

For the linear specification, the
Marshallian elasticity is (2.75/170)(19.4)
= 0.31, the income effect is (2.75)(-0.16)
= —0.44 and the Hicks elasticity is 0.75.
Thus, the linear model produces more mod-
est elasticities. Nevertheless, as MaCurdy
notes, all three approaches (method #1 and
method #2 with a double log or linear model)
give elasticities that are quite large relative
to most of the prior literature. He notes, this
may indicate that prior estimates were mis-
leading because: “Existing studies of male
labor supply rarely treat measures of wages
and income as endogenous variables . . .
Many of these studies ignore taxes or fail to
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account properly for the endogeneity of mar-
ginal tax rates, and none of them recognizes
that a household may save or dissave during
a period.” But he also notes that other fac-
tors, like invalid instruments or the small and
unrepresentative nature of the DIME sam-
ple, may have led to upward biased elastic-
ity estimates. The estimates are also rather
imprecise (see above).

Altonji (1986) noted that one could rewrite
(44) as

(47) Inh, = = Inw,(1 — 7,)

2=

+ % InCy — X, 2 + %

By estimating (47) by instrumental vari-
ables, we uncover the Frisch elasticity (1/7)
directly. Recall the Frisch elasticity is defined
as the effect of a change in the wage holding
(marginal utility of) lifetime wealth fixed. In
(47), consumption serves as a summary sta-
tistic for lifetime wealth. If the wage changes
but consumption stays fixed, it means per-
ceived wealth stayed fixed. This means either
(i) that the person expected the wage change,
so it does not affect his/her perception of
lifetime wealth, or (ii) the person expects the
wage change to be very short lived, so that
it has a negligible effect on lifetime wealth.
Estimation of (47) also enables us to back out
n as the ratio of the consumption coefficient
to the wage coefficient.

Altonji (1986) estimates (47) using data on
married men, aged 25-60, from the 1968-
81 waves of the PSID. Two key differences
with MaCurdy (1983) are that he uses pretax
wages, and the PSID measure of consump-
tion includes only food. Altonji also uses a
more extensive set of observed taste shifters
in X (i.e., besides children and race he
includes age, health, region, and year dum-
mies). Recall that one must instrument for
consumption and wages both because they
are measured with error and because they are
presumably correlated with the unobserved
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tastes (g;). A novel feature of Altonji’s paper
is that he uses a ratio wage measure (annual
earnings over hours) as the independent
variable in (47), and then uses a direct ques-
tion about the hourly wage as an instrument.
As long as the measurement error in these
two measures is uncorrelated (as seems plau-
sible), the latter is a valid instrument.?® As an
additional instrument Altonji uses a measure
of the “permanent wage,” constructed by
regressing the observed wage on individual
fixed effects, education, a quadratic in age,
an interaction between age and education,
year dummies, health, and region.

Altonji (1986) estimates that (1/7) = 0.172
(standard error 0.119) and that (n/~)
=—0.534 (standard error 0.386). The implied
values of v and 7 are 5.81 and —3.10. These
imply Frisch, Hicks, and Marshall elasticities
of 0.17, 0.11, and —0.24, respectively, and
an income effect of —0.35. This compares to
values obtained by MaCurdy (1983) of 6.25,
1.22, 0.42, and —0.80. Reminiscent of the
“Hausman—MaCurdy” debate discussed ear-
lier, we have a situation where authors obtain
very different estimates for reasons that
are not evident. Does MaCurdy get much
higher elasticities because he accounts for
taxes and/or has a more complete measure of
consumption? Or because he uses different
instruments? Or are his results unreliable
due to the small and unrepresentative nature
of the DIME sample? Does rearranging (44)
to obtain (47) matter? Unfortunately, there is
no replication study that attempts to recon-
cile the Altonji (1986) and MaCurdy (1983)
results, so we don’t know the answer to these
questions.

A closely related paper is Blundell and
Walker (1986). They develop a simple
scheme for estimating life-cycle models

58 To be in the sample, a person must have both wage
measures. There are 4,367 men who satisfy this criterion.
Note that this tilts the composition of the sample toward
hourly workers.
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based on the idea of “two-stage budget-
ing.” In the first stage, the worker/consumer
decides how to allocate his/her “full income”
across all periods of life. Full income is
defined as the after-tax wage rate times the
total hours in a period, plus any exogenous
nonlabor income, plus net dissaving. Within
each period, full income is allocated between
consumption and leisure. Thus we have the
within period budget constraint:

(48) F, = wt<l_7})T + N, + b,
=w(l—-7)T—-h) + C,,

where F, is full income, T is total time in a
period and T — h, is leisure.® One then esti-
mates a labor supply function that conditions
on the full income allocated to period ¢:

(49)  hy = h(w,(1 — 7,), Fy, Xiy).

Note that this method is in fact identical to
MaCurdy’s method #2. This is because one
can always define a segment of a budget
constraint in terms of the after-tax wage and
either full income or virtual nonlabor income
(V,=C, — w,(1 — 1,)h,). Thus, (46) and (49)
are alternative expressions for the same labor
supply function.

Blundell and Walker (1986, p. 545) argue
there is no need to instrument for F;, even
if it is a choice variable, as it is plausible
that taste shifters that affect allocation of
resources over the life cycle are independent
of those that affect choices within a period.
But this argument seems strained. For

59Given progressive taxes, N, could be defined to
include the virtual nonlabor income for the linearized bud-
get constraint, just as before.

60The full income allocated to period ¢ plays the same
role as consumption in MaCurdy’s method #1 or virtual
income in method #2. If the wage increases but full income
allocated to the period is held fixed, it means that the wage
increase did not make the person feel wealthier (i.e., it did
not relax his/her lifetime budget constraint).
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instance, one would plan to allocate more
resources to periods when tastes for con-
sumption and/or leisure are likely to be high
than toward other periods.

In order to derive a labor supply function,
Blundell and Walker (1986) consider a case
where the indirect utility function has the
Gorman polar form

F, —a(w(l — 7))
b(w,(1 — 7))

(50) U =G

Actually, as we will see below, Blundell and
Walker consider a more complex model
of joint labor supply of couples, where the
price of consumption goods varies over time
in addition to the wage. But I will abstract
from those complications for now. Obviously,

we have that®!

au, au,

GV Fea—m - M an,

Applying (51) to (50), we can obtain the labor
supply equation

G- —b) F, — al- _"/<'>}
(52) by — <ﬁb%ﬂ/ ﬁ” ()
Gl
w1~ )
b1 =)
< [F = aluw 1 = 7))

= —a'(w(l — 1)) —

61 This equality holds because, if the after-tax wage
increases by one unit, the person has h; extra units of
income to spend on consumption. But if full income
increases by one unit, the person has only one extra unit
of income to spend on consumption. Thus the derivative
on the left of (51) must be h, times greater than that on the
right. That h, is held fixed when the wage increases is a con-
sequence of the envelope theorem. That is, for very small
changes in the wage, a consumer can’t do better than to
spend all the extra income on consumption. Any utility gain
that might be achieved by reallocating full income between
consumption and leisure is trivially small.
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As Blundell and Walker (1986) note, the
researcher has great flexibility in choosing
the a(-) and b(-) functions, so labor supply can
be allowed to depend on the wage and full
income in complex ways. This has a down-
side in terms of interpretability, in that, in
contrast to the MaCurdy (1983) specification
(equation (3)), elasticities must be simulated.
As best as I can ascertain, the specification
that Blundell and Walker (1986) estimate for
men has the form

B

m
wy

(53) ht = (Tm - 7777) -

X [Fy = o' — ] = ,.pf — 29 (wlp))" ).

Here w}" is the after tax wage for the hus-
band, w/ is the after tax wage for the wife, p/
is the price of consumption goods and F, is
full income as given by (48).

Blundell and Walker (1986) estimate this
model on a sample of families from the 1980
FES. Here I focus on the male labor sup-
ply results. Some limitations of the analysis
should be noted. First, as I stated earlier, the
authors do not instrument for full income
or wages. Second, the analysis is limited to
families where the household head is a man-
ual worker, shop assistant, or clerical worker,
giving 1,378 households (with a female par-
ticipation rate of 64 percent). The authors do
not indicate why they choose to restrict the
sample in this way. Third, the consumption
measure was limited, including food, cloth-
ing, services, and energy but excluding hous-
ing, transport, alcohol, and other important
categories.

Averaging over the sample, the authors
simulate a Frisch elasticity for men of only
0.026 and a Hicks elasticity of 0.024. Similar
small values are obtained for all demographic
subgroups examined. The authors report an
elasticity of male hours with respect to full
income of —0.287. Based on figures reported
in the paper, I calculate that full income is
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£267 per week on average, and that male
after-tax earnings is (2.08)(39.8) = £82.78
per week on average. These figures imply
an income effect of (wh/F)[(F/h)(Oh/OF)]
= —0.089% and a Marshallian elasticity of
—0.065. It is notable that the authors use a
ratio wage measure (i.e., usual earnings over
usual hours) to construct wage rates. As dis-
cussed earlier, this may lead to downward
bias in elasticity estimates, particularly if no
instrument is used to correct for measure-
ment error. This may account in part their
low elasticity estimates.

6.2.2 Progressive Taxation in the Life-Cycle
Model—Ziliak and Kniesner (1999)

Blomquist (1985) noted that the “life-
cycle” consistent approach has a problem
in contexts with progressive taxation. The
basic idea is that an increase in labor sup-
ply in period ¢, holding consumption fixed,
will cause a person to have more assets at the
end of period ¢. This, in turn, leads to higher
asset income in period ¢ + 1. And this in
turn may increase the person’s tax bracket at
t + 1. Hence, we no longer achieve the sim-
plification that, conditional on full income
allocated to time ¢, we can model a person’s
time ¢ decisions as if he/she were choosing
labor supply subject to a one-period budget
constraint.

Ziliak and Kniesner (1999) attempt to deal
with the problem of progressive taxation
within the two-stage budgeting framework.
Following Blomquist (1985), they note that
the two-stage approach can be salvaged by
writing labor supply in period ¢ as condi-
tional on assets at both the start and end of
the period. The basic idea is that, by holding
end of period assets fixed, one shuts down

62 Consistent with this calculation, when the authors
simulate a £50 reduction in nonlabor income it leads to an
average 2.5 hour increase in weekly hours for males, imply-
ing a derivative of about —2.5/50 = —0.05. Multiplying this
by the mean male after-tax male wage rate of 2.08 gives an
income effect of about -0.10.
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any channel by which increased labor sup-
ply at ¢ might affect the budget constraint
at t +1. Thus, they estimate a linear labor
supply equation of the form

(54) hy = B +

wwit<l - 7'11,) + 6A1Ai,*t—1

+ ﬁAzAi,t + Xpa + M+ gy

In this equation, A, is “virtual wealth,”
which plays a role analogous to virtual nonla-
bor income in static piecewise-linear budget
constraint models (see figure 1). It is defined

as

(55) Al = Aoy + w”%:—?ﬂ"’

where 77 is the average tax rate paid by per-
son i in period ¢ on their income I;;, and r; is
the risk free rate of interest. Note that A" can
be interpreted as a virtual asset level &2
Ziliak and Kniesner (1999) estimate (54)
using data on 532 married men from the
PSID. They were 22-51 years old in 1978
and worked in every year from 1978 to 1987.
The asset measure is home equity plus the
capitalized value of rent, interest, and divi-
dend income. In constructing the wage
measure, Ziliak and Kniesner seek to avoid
denominator bias by using the hourly wage
rate for hourly workers. For workers paid
weekly, they divide weekly earnings by 40
hours rather than actually observed hours
(and so on for workers paid over other time
periods). This procedure avoids denomina-
tor bias at the cost of introducing a differ-
ent type of measurement error. In forming
taxable income and marginal tax rates, the
authors use information in the PSID to esti-
mate standard and itemized deductions.®

63 The quantity (7 — 7*)I/r is the hypothetical amount
of extra assets needed to get the person up to the vir-
tual nonlabor income level associated with their budget
segment.

64 The authors use Internal Revenue Service data to cal-
culate the average level of itemized deductions for a person’s
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Observed taste shifters included in X, are
age, health, and number of children.

Equation (54) contains three endogenous
variables: the after-tax wage, end of period
assets, and start of period virtual assets. All
three variables may be correlated with the
individual fixed effect y; (i.e., a person with
high tastes for work will tend to have both a
high wage and high asset levels). Thus, as a
first step toward estimating (54), the authors
take first differences to eliminate the indi-
vidual fixed effect y;

(56) Ahy = ﬁwAwitu - Tit)
+ ﬁAlAA:t—l + ﬁAzAAz't
+ AXya + Ag,.

Now, wy(l —7;) and A; are presumably
correlated with €;, as a high taste for work
at ¢ will tend to both (i) shift a person into
a higher tax bracket and (ii) lead to higher
assets at the end of the period. Furthermore,
start of period virtual wealth A}, is also cor-
related with ¢;. If a high ¢; tends to shift a
worker into a higher tax bracket at time ¢,
then it affects A7 | as shown in (55). Thus
valid instruments for estimation of (54) must
be uncorrelated with both ¢, and ¢;,_,. Ziliak
and Kniesner (1999) argue one must lag the
wage and asset variables by two periods (i.e.,
wy_o(1 — Ty_s), Ay_s and Aj_;) to obtain
instruments uncorrelated with ¢, ;. They
also use a quadratic in age, age/education
interactions, and home ownership as addi-
tional instruments.

The main estimation results imply a
Marshallian elasticity evaluated at the mean
of the data of (w/h)0h/ow = (10.19/2179)
X (24.66) = 0.1153, and a very small income

income level. Starting in 1984, the PSID asks whether or not
a person itemized, and nonitemizers are assigned the stan-
dard deduction. Prior to 1984, the authors assign either the
standard or itemized deduction, whichever is larger.
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effect of w,0h,/0A,_; = (10.19)(-0.00162)
= -0.0165. Thus, the Hicks elasticity is
0.1318. In a second stage, which I describe
in detail below, they estimate the Frisch elas-
ticity as 0.16353

Ziliak and Kniesner (1999) go on to use
their model to simulate the impact of vari-
ous tax reform experiments. The average
marginal tax rate in their data was 29 per-
cent. One experiment simulates an across
the board 10 percent rate cut by the United
States in 1987. The authors simulate that
this would increase average annual hours
by thirteen hours (0.6 percent). This small
effect is not surprising given the Marshallian
elasticity of 0.12. They also simulate the
1986 tax reform act (TRAS6) that substan-
tially reduced progressivity. As we have seen,
it is the Hicks elasticity, which they estimate
to be 0.13, that is relevant for determining
the efficiency effects of changing progres-
sivity. They simulate only a 2 percent hours
increase, but a substantial efficiency gain.

Recall that Blomquist (1983) and
Blomquist and Hansson-Brusewitz (1990)
found Hicks elasticities of only 0.11 and 0.13
respectively, but still found large efficiency
gains from switching to a flat-rate tax. So
all three of these papers are similar in find-
ing that a modest Hicks elasticity can imply
substantial efficiency gains from reducing
progressivity.

6.2.3 Nonseparability between
Consumption and Leisure—Ziliak
and Kniesner (2005)

Ziliak and Kniesner (2005) address the
issue of nonseparablility between leisure and
consumption, which until now I have largely
ignored. To further explore the implications

65 The authors show that if they use a ratio wage mea-
sure (annual earnings over annual hours) and apply exactly
the same estimation procedure, they obtain a Marshallian
elasticity of —0.083 and a Hicks elasticity of —0.072. This
highlights the potentially severe bias created by use of ratio
wage measures that I discussed earlier.
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of nonseparability, suppose we modify the
utility function in equation (3) to read

_olekr
(57) Ut—GlJrn @1+7
n<0,v>0

Assume that G[-] is a concave function, such
as G[X] = log (X) or G[X] = (1 4+ o)'X'*°
for ¢ < 0. Notice that now the marginal util-
ity of consumption is given by

ou, ,
(58) 6C1 = G/X)-C} = A,
t
_ G
where X, = l+77_ﬂ‘1+fy'

Thus, unlike in (3), the marginal utility of
consumption is not a function of consump-
tion alone. It also depends on X, which is
a composite of consumption and hours of
work. Note that, for a given level of con-
sumption, X; is decreasing in h,. And G is
concave, so G(X,) is increasing in h,. Thus,
ceteris paribus, the consumer would like to
allocate more consumption to periods when
hours are high. That is, hours and consump-
tion are compliments.

The consumer still seeks to satisfy an
intertemporal optimality condition like (23)
but, with the new expression for marginal
utility of consumption in (58), we revise (23)
to obtain

(539 GIX)IC,]"
= E,p(1 +r{G (X, )IC,,1]"} n < 0.

Note that now, even if p(1 + r) = 1, the con-
sumer will not seek to equalize consumption
across periods. As indicated above, with G
concave the consumer will seek to make con-
sumption higher when hours are high. But
of course, in the life-cycle model, hours are
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high when wages are high. So the consumer
will seek to make consumption high when
earnings are high. Thus, if G is sufficiently
concave, the life-cycle model can gener-
ate consumption and earnings paths that
look very much like liquidity constrained
behavior!

Now consider how the MRS condition
(22) is altered by the utility function in (57)

(60) SX = {G'X,)Che,(1 - 7,)

- {G'X)BRI} =0
= Clw/(l —1,) = B,h].

That is, it doesn’t change at all. The factor
G((X,) appears in both the marginal util-
ity of consumption and the marginal utility
of leisure, and so it cancels out. This point
was made by MaCurdy (1983): the G func-
tion does not affect within period decisions
about work and consumption, so estimation
of the MRS condition tells us nothing about
the form of G.

Thus MaCurdy (1983), in his method #1,
proposed to estimate the form of G in a sec-
ond stage. The first stage (discussed earlier)
uses the MRS condition to obtain estimates
of the parameters of the X, function (i.e., v
and 7 in our example (58)). One can then use
these estimates, along with hours and con-
sumption data, to construct estimates of the
X,. One then treats these estimates of the X,
as data. In the second stage, one uses data on
X,, C,, and r; from multiple periods to esti-
mate the unknown parameters of (59). These
include the discount rate p and the param-
eters of G. For instance, if we assume G[X]
= (1 + 0)"'X"* the only parameter of G is
o. In his study, MaCurdy (1983) estimated
o = —0.14 but with a standard error of 0.23.
Thus, he couldn’t reject the simple linear G
case (0 = 0).
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We now seek more insight into the impact
of G on the Frisch elasticity. Substituting
the first order condition for consumption
(58), which states that \, = G/(X,) - C}, into
the first order condition for hours in (60),
we obtain \w,(1 — 7,) = G'(X,)3,h]. Taking
logs, we have

(61) Inh, = %{lnw[ + In(1-7)
+ In), —InG(X) — 3},

So the Frisch elasticity—the effect of a wage
change holding marginal utility of consump-
tion ), fixed—is no longer simply (1/7),
because in general a change in w, will affect
G'(X,).

To explore further how a concave G affects
willingness to substitute labor across periods,
let’s assume G[X] = (14+0)~' X' so that (61)
becomes

(61) Inh, = %{lnw, + In(1-7)
+ In\, —olnX, —Ing}.

Clearly, the Frisch elasticity (i.e., the elastic-
ity of hours with respect to the wage hold-
ing ), fixed) is not simply (1/7) in this case
because we have to consider the In X, term,
and X, contains C, and h,. The exception of
course is if o = 0 so the In X, term drops out.

To determine what (61') implies about
the Frisch elasticity, we can use the within
period MRS condition in (60) to substitute
out for consumption in X,, obtaining an
expression for X, solely in terms of hours.
Then (61’) becomes an implicit equation that
relates hours and the wage, holding ), fixed.
Implicit differentiation of this equation gives

0 Inh,

2) ey =
(62) e 0 Inw,

¢ fixed

el )

1
e oo
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TABLE 4
How FRISCH ELASTICITY VARIES WITH WILLINGNESS TO SUBSTITUTE UTILITY OVER TIME
Frisch Changes in hours Changes in consumption Changes in utility

o elasticity Hours(1) Hours(2) c() C(2) G(X(1)) G(X(2))
0.0 2.00 +1.03% —0.96% +0.97% +0.97% —0.05% +1.44%
—0.5 1.40 +0.82% —0.58% +1.18% +0.58% +0.27% +0.87%
—-1.0 1.25 +0.76% —0.48% +1.24% +0.48% +0.38% +0.72%
—2.0 1.14 +0.73% —0.41% +1.27% +0.42% +0.41% +0.62%
-5.0 1.06 +0.70% —0.36% +1.30% +0.36% +0.45% +0.54%
—10.0 1.03 +0.69% —0.34% +1.31% +0.34% +0.46% +0.51%
—40.0 1.01 +0.68% —0.33% +1.32% +0.33% +0.48% +0.49%

If 0 =0, then (62) reduces to just (1/7) as
we would expect. However, as 0 — —oo the
fraction in brackets becomes less than one
(as the term —a(8/v)h}™ in the denomina-
tor is positive). So complimentarity between
work and consumption reduces the Frisch
elasticity below (1/7).

Numerical simulations of a simple two-
period model based on (57)—(61') reveal a lot
about how ¢ influences behavior, and give
a clear intuition for why the Frisch elastic-
ity falls as 0 — —o0. I start from a base case
where w, = h, =100 in both periods, and
7 =40 percent. I set p(1+ r) =1 so con-
sumption is 6,000 in both periods. In a two
period model where each period corresponds
to roughly twenty years of a working life, a
plausible value for 1 + ris about (1 + 0.03)%
~ 1.806, s0 p = (1 4+ r)~* ~ 0.554. The util-
ity function parameters are set to yv=0.5
and n =-0.5.

Then, from (21), the Marshallian elastic-
ity, which indicates how hours respond to a
permanent (i.e., two-period) wage change, is
0.5. The Hicks elasticity, where this perma-
nent wage change is compensated by a lump
sum transfer, is 1.0. From (60) these elastici-
ties are invariant to o. In contrast, the Frisch
elasticity is (1/7) = 2.0 if o = 0, but it varies
with o.

In I simulate a 1 percent after-

tax wage increase at ¢ = 1 (from 60 to 60.6)
induced by cutting the tax rate from 0.40 to
0.394. Results are shown for ¢ ranging from
0 to —40. When o = 0 the worker increases
hours at ¢t = 1 by 1.03 percent and reduces
hours at t =2 by 0.96 percent. Thus, labor
supply increases by 2 percent at ¢ =1 rela-
tive to t =2, as expected given a Frisch
elasticity of 2. Note also that the consumer
continues to smooth his/her consumption
over time: consumption increases by 0.97
percent in both periods.® The consequence
is that utility actually falls slightly in period 1
while rising by 1.44 percent in period 2.

As o decreases, the consumer is less willing
to sacrifice utility at ¢t = 1 to achieve higher
utility at ¢ = 2. Given o = —40, the consumer
is very unwilling to substitute utility across
periods. Note how he/she allocates consump-
tion/hours so utility increases by 0.48 percent
att = 1 and 0.49 percent at ¢ = 2. To achieve
this balance, the worker shifts consumption
into period 1 to compensate for having to

66 Earnings increase by about 2 percent in period 1 and
drop by about 1 percent in period 2. This causes the pres-
ent value of lifetime earnings (and hence of consumption)
to increase by [1.02 + (0.554)(0.99)]/1.554 ~ 1.0097 or
0.97 percent.
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work more hours at ¢t =1 (i.e., consump-
tion increases by 1.32 percent at ¢ = 1 ver-
sus only 0.33 percent at t = 2). The worker
also shifts less labor supply toward ¢ = 1 than
in the o = 0 case. Now hours only increase
0.68 percent at t = 1 and only fall 0.33 per-
cent at ¢t = 2. This implies a Frisch elasticity
of 1.01. As 0 — —o0 we get a Leontieff util-
ity function where the consumer only cares
about maximizing the minimum utility in any
period, and the Frisch elasticity approaches
1.0. This is exactly the Hicks elasticity for a
permanent (two-period) wage change.?

To summarize: In the linear case
(G(X,) = X,), and with X, additive in con-
sumption and hours, there is a separation of
the labor supply and consumption problems.
The worker shifts labor supply toward high
wage periods while using savings to smooth
consumption across periods. This means sac-
rificing utility in the high-wage periods.

But if G is concave, the worker/consumer
tries to equalize utility across periods by shift-
ing consumption into high-wage/high-hours
periods. Thus, the consumer’s willingness to
substitute consumption intertemporally puts
a damper on his/her willingness to substitute

67 Notice, that if we take the limit of (62) as ¢ — —o0,
we get that
Kol 1+n
1 (5)c! }

o 7{(:;)c3+~— (2t

S 1) S o/
Y C/1+r/7n(%)hll+7

For the parameter values in the simulation, the term in
curly brackets is equal to 1/2. But if n = 0 (i.e., no income
effects) the term in brackets is exactly equal to 1. So, if
utility is linear in consumption, o has no impact on the
Frisch elasticity. This is because the consumer is willing
to equalize utility across periods via consumption shifting
alone, leaving him/her free to substitute hours of work
toward high wage periods as much as if o = 0. Ironically,
a high elasticity of substitution in consumption (1 ~ 0)
combined with curvature in G makes the consumer behave
in a way that looks like liquidity-constrained behavior
(consumption closely tracks income). Finally, when n = 0,
the Frisch (1/7) and Hicks 1/(y — n) elasticities are exactly
equal (regardless of the value of o).
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labor. This tends to reduce intertempo-
ral substitution in labor supply. As a result,
the Frisch elasticity is less than (1/) and in
the limit (as 0 — —o0) it equals the Hicks
elasticity.

It is worth recalling that the within period
MRS condition (41) still holds regardless of
the form of G. So one might estimate equa-
tions like (47) to uncover (1/7), and fail to
realize it is not the Frisch elasticity. One
can still use (47) to obtain the Hicks and
Marshallian however.

Returning to the empirical literature,
Ziliak and Kniesner (2005) adopt MaCurdy’s
method #1, and allow for nonseparablity
between leisure and consumption, both via
the G function and by including an interac-
tion between leisure and consumption in the
within period utility function X,. Specifically,
they adopt a translog within-period utility
function

(63) U, = G[oyIn(L —h) + ayInC,
— azIn(L —h)n C, — o,
x (L —h)P — [In C,J2],

with G[X] = (1 4+ o)X, If a3 > 0, hours
and consumption are compliments in X,.
This appears to be the only paper allowing
for within period nonseparability and taxes
in a dynamic model.

As in most U.S.-based work that uses the
within period MRS condition, Ziliak and
Kniesner (2005) use the PSID, which only
contains food consumption.® However,
they try to improve on this using a method
proposed by Blundell, Pistaferri, and Ian
Preston (2002) to impute nondurable con-
sumption. Using the Consumer Expenditure
Survey, which has much more complete
consumption information, they develop an

68 Recall that the Denver data used by MaCurdy (1983)
had a very comprehensive consumption measure.
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equation to predict nondurable consumption
based on food consumption, food prices and
demographics. They also try a method pro-
posed by Jonathan Skinner (1987) to predict
total consumption using food consumption,
house value and rent.

Ziliak and Kniesner use the 1980-99 waves
of the PSID. One advantage over prior work
is the long sample period, which encom-
passes five significant tax law changes. This
provides variation in the budget constraint
to help identify utility function parameters.®
The sample includes 3,402 male household
heads who were at least 25 in 1980, no older
than 60 in 1999 and who are observed for at
least five years. They use the hourly wage
rate question for workers paid by the hour,
and, in an effort to reduce denominator bias,
for salaried workers they use the same pro-
cedure of hours bracketing as in their 1999
paper discussed earlier.

A key challenge in incorporating taxes is
to estimate taxable income. The authors
assume all married men filed joint returns
while unmarried men filed as heads of house-
holds (the latter is the more likely source
of error). The income of working wives is
included when calculating adjusted gross
income (AGI). Deductions are estimated
using Internal Revenue Service estimates of
the average levels of itemized deductions by
AGI. From 1984 onward, the PSID reports
whether a person itemized or took the stan-
dard deduction. Following MaCurdy, Green,
and Paarsch (1990), the authors use a smooth
approximation to the piecewise linear tax
schedule.

The parameters o; and «, in (63) are
allowed to depend on children, race, and
age of youngest child to capture how these

69 The Economic Recovery Tax Act of 1981, the Tax
Reform Act of 1986, the Omnibus Reconciliation Tax Acts
of 1990 and 1993, and the Taxpayer Relief Act of 1997.
Notably, however, while these tax changes are in the data,
the authors do not fully exploit it by using aspects of the tax
rules as instruments (see also section 6.2.8).
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variables may shift tastes for work and
consumption. Besides these, the instruments
used to estimate the MRS equation, which
should be correlated with after-tax wages
and consumption but uncorrelated with
unobserved tastes for work, are age, educa-
tion, health, home ownership, and industry,
occupation and region dummies.

The authors estimate o3> 0, implying
hours and consumption are compliments in
the within period utility function (i.e., if hours
are higher the marginal utility of consump-
tion is higher). Ziliak and Kniesner let o vary
with age and obtain o = 0.844 — 0.039 - Age.
So o is about zero at age 20 and falls to —1.5
at age 60.2 But the age effect is imprecisely
estimated.

Given the translog within period utility
function in (63) there is no closed form for
the Marshallian and Hicks elasticities. At
the mean of the data, the authors calculate
a Marshallian elasticity of —0.468 (standard
error 0.098) and a Hicks elasticity of 0.328
(standard error 0.064). This implies a very
large income effect (-0.796) that is compa-
rable to values obtained by Hausman (1981)
and Wales and Woodland (1979). In the sec-
ond stage, incorporating information from
the intertemporal condition (59), they obtain
a Frisch elasticity of 0.535. If they restrict
a3 = 0 they obtain Marshallian, Hicks, and
Frisch elasticities of —=0.157, 0.652, and 1.004
respectively. Thus, ignoring the complimen-
tarity between work hours and consumption

70 Tt is difficult to conceptualize what it means for o
to vary with age, given that o governs a person’s willing-
ness to substitute utility over time. Does a 20 year old with
o0~ 0 solve his/her lifetime planning problem as if he/
she is very willing to substitute utility intertemporally and
then engage in replanning each year as his/her o drops?
Or does a person plan his/her life knowing that o will fall
over time? If so, exactly how does one do that? Does a per-
son take preferences of his/her future selves into account?
Apparently, one can circumvent such questions in estimat-
ing intertemporal conditions like (59). But they would have
to be confronted to obtain a full solution of a person’s life-
time optimization problem. T discuss models that involve
full solutions in section 6.3.
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TABLE 5
LABOR SUPPLY ELASTICITIES BASED ON ALTERNATIVE CONSUMPTION MEASURES
Consumption measure Marshall Hicks Income effect Frisch
Blundell et al (2001) —0.468 0.328 —0.796 0.535
Skinner (1987) —0.313 0.220 —0.533 0.246
PSID unadjusted —0.442 0.094 —0.536 0.148

appears to cause upward bias in all three
labor supply elasticities.?

Interestingly, Ziliak and Kniesner (2005)
examine how their results are affected by
the use of different consumption measures.
The comparison is shown in Clearly,
Hicks and Frisch elasticity estimates are very
sensitive to the consumption measure used
(while the Marshallian is relatively insensi-
tive). In section 6.1, I noted how Eklof and
Sacklén (2000) found that elasticity esti-
mates in static models are quite sensitive to
the wage and nonlabor income measures.
Here we see evidence the same is true of
the consumption measure used in life-cycle
models (for estimation methods based on the
MRS condition).

Finally, the authors use the estimated
Hicks elasticity (e; = 0.328) to calculate the
marginal efficiency cost of tax increases that
raise all tax rates proportionately. This turns
out to be 16 percent of the revenue raised.
However, if they do the same calculation
using the Hicks elasticity obtained using
the PSID unadjusted food consumption

711 believe the intuition for this result is as follows: If
work and consumption are compliments within a period,
then a wage increase affects hours through three channels.
There are the usual substitution and income effects. But
in addition, a wage increase will, ceteris paribus, increase
consumption. This reduces the marginal utility of leisure
at the initial hours level, giving an additional reason for
hours to increase. As a result, a smaller substitution effect
is required to explain any given level of responsiveness of
hours to wages.

measure (e; = 0.094), the efficiency loss is
only 5 percent of the revenue raised.

A limitation of this study, as well as Ziliak
and Kniesner (1999), is the measurement of
taxable income. Recall (section 6.1.4) how
Blomquist (1996) found that imputing tax
deductions, and the resultant measurement
error, may have large effects on estimates.

6.2.4 Methods for Estimating the Frisch
Elasticity—MaCurdy (1981)

Starting with MaCurdy (1981), a number
of studies have attempted to use equations
similar to (25) from section 3.2 to estimate
the Frisch elasticity directly. In order to put
(25) in a form amenable to estimation, we
use (43) to substitute for the taste shifter g,
and obtain

(64) Alnh, = %Aln wa(l—7,)
- %ln p(l +r) - 2AX,
+ %git + %Agit'

In contrast to MaCurdy’s methods #1 and #2,
estimation of (54) does not require consump-
tion data. However, it does require hours and
wage data for at least two periods, and it will
only deliver an estimate of v and not of 7.

A key point is that the error term in (64)
consists of two components. The first is the
surprise change in the marginal utility of
consumption, multiplied by the factor (1/7),
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which I denote by ¢, = (1/7);,. This arises
in part due to surprise wage growth. Surprise
wage growth makes a person wealthier, cre-
ating a negative income effect. So long as
wage growth contains a surprise component
we have Cov(§;,, Aw;,) < 0, and wage growth
is endogenous in (64). Of course, errors in
forecasting wage growth arise due to new
information revealed between ¢ -1 and ¢
(e.g., unexpected recession, illness, plant clo-
sure). Thus, valid instruments for estimation
of (64) should have the property that they
were in the agent’s information set at time
t — 1, so they could have been used to fore-
cast wage growth.2

The second component of the error
term arises from the change in tastes for
work from ¢ — 1 to ¢, which I denote by
Aej; = (1/7)Agy,. I have already discussed at
length in section 4 the multiple reasons why
we would expect tastes for work to be cor-
related with both gross and after-tax wages.
Thus, valid instruments for estimation of
(64) should also have the property that they
are uncorrelated with changes in tastes for
work.™

MaCurdy (1981) estimates (64) using
annual data on 513 married men observed
from 1967-76 in the PSID. To be included
in the sample, they must have been 25 to 46
years old in 1967 and married to the same
spouse during the sample period. MaCurdy
uses a complete set of time dummies to pick
up the log interest rate terms in (64), rather
than using a particular interest rate variable.

72 This idea of using variables that economic agents use
to make forecasts as instruments in dynamic models origi-
nated in work by Bennett T. McCallum (1976) and Thomas
J. Sargent (1978).

73 In section 4, I noted that many authors adopt a view
that tastes for work can be decomposed into a perma-
nent component that may be correlated with wages, and
idiosyncratic shocks that are exogenous. In that case, the
first differencing in (64) eliminates the permanent com-
ponent. It may be more plausible that certain instruments
are uncorrelated with changes in tastes for work than with
tastes in levels. Education is a good example.
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No observed taste shifter variables X are
included.” Tt is notable that MaCurdy does
not adjust wages for taxes.™ Hence, the spec-
ification is simply a regression of annual log
hours changes on log wage changes, along
with a set of time dummies.

MaCurdy presents his analysis in a setting
where workers have perfect foresight about
future wages. But, as he notes, his results
extend to the uncertainty case provided he
uses as instruments for wages variables that
were known to a worker at time ¢ or before,
so that the worker could have used these
variables to forecast wage growth from time
t — 1 to t. If workers forecast wage growth
rationally, such instruments are uncorrelated
with the forecast error &,;. The instruments
MaCurdy uses to predict wage growth are
by now familiar: quadratics in age and edu-
cation as well as age/education interactions,
parental education and year dummies.

To gain intuition for how this procedure
identifies the Frisch elasticity, it is useful to
consider a two-stage least squares (2SLS)
approach. In stage one, regress wage growth
on functions of age and education to obtain
predicted wage growth over the life-cycle. In
stage two, regress hours growth on predicted
wage growth. The coefficient on predicted
wage growth captures how hours respond
to predictable variation of wages over the
life-cycle—i.e., the extent to which people
substitute their time intertemporally and
allocate more work hours to periods when
wages are relatively high. This is exactly the
Frisch elasticity concept.

Using this approach, MaCurdy (1981)
obtained a Frisch elasticity of only 0.15,
with a standard error of 0.98. It is striking

74 Taste shifters often included in X in other studies
include age, number and ages of children, marital status,
etc.

75 It may be argued that taxes will largely drop out of
(64) if the marginal tax rate a person faces does not change
too much from year to year. Altonji (1986) makes this argu-
ment explicitly.
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to compare this to the Frisch elasticity of
6.25 obtained by MaCurdy (1983) using the
DIME data, where he adopted the “MRS
approach” of using consumption to proxy
the marginal utility of wealth (see section
6.2.1). But, as Altonji (1986) and Blundell
and Walker (1986) obtained estimates of
0.172 and 0.026, respectively, using similar
consumption-based approaches, the high
Frisch elasticity in MaCurdy (1983) starts to
look like an extreme outlier. Furthermore, as
the Frisch is in theory an upper bound on
the Hicks and Marshallian, this would lead
one to conclude labor supply elasticities are
small for men in general.

But before reaching this conclusion, it is
important to keep two points in mind: One is
the large standard error (0.98) on MaCurdy’s
estimate. This suggests instruments such
as age and education do a very poor job of
predicting wage changes. Second, taking
the change in wages as in (64) exacerbates
measurement error problems, which may
bias the wage coefficient toward zero. These
issues are related, as one needs good pre-
dictors of true wage changes to correct the
measurement error problem. T'll explore
various attempts to improve upon MaCurdy
(1981) in the next few sections (sections
6.2.5-6.2.8).

6.2.5 Attempts to Deal with Measurement
Error and Weak Instruments

Altonji (1986) tried to address the mea-
surement error and weak instrument prob-
lems by using a better instrument for wage
changes. As I noted earlier, he uses two
wage measures from the PSID, one serv-
ing as the wage measure in the labor supply
equation, the other serving as an instrument.
Using a PSID sample similar to MaCurdy
(1981) and using similar predictors of wage
changes (quadratic in age and education,
etc.), he gets an R-squared in the first stage
prediction equation of only 0.008. Then, in
estimating (64) he gets a Frisch elasticity
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of 0.31, with a large standard error of 0.65.
But when Altonji uses his alternative wage
change measure as an additional instrument,
he gets a much better R-squared of 0.031 in
the first stage equation.™ Then, in estimating
the labor supply equation, he gets a Frisch
elasticity of 0.043, with a standard error of
only 0.079. Thus, we seem to have a rather
tight estimate of a small Frisch elasticity. The
problem here, of course, is that the alterna-
tive wage change measure is only a valid
instrument under the strong assumption
that workers do have perfect foresight about
wage changes. Otherwise, any wa change
measure will be correlated with &,.”

Angrist (1991) proposes to deal with the
measurement error problem using grouped
data estimation. That is, he works with the
equation

(65) tht — Inh;,,

= %{lnwirﬂ - T) - lnwi,t—l(l - Tt—l)}

+ 1) + G+ A=) + e

where X;, denotes the sample mean of X
over all people i observed in year t. The idea
is that, while the individual log hours and
log wages are measured with error, this will
largely cancel out when we average over
people.” The additional error term e, arises
from error in calculating true means of log
wages and hours using a finite sample.

76 This may still seem small, but is actually not bad given
the large sample size of roughly 4,000 observations, as indi-
cated by the highly significant F statistic of 129.

77 Given this problem, Altonji tried using the lagged
wage change as an instrument, as the lag would have been
known at time ¢. But it is a poor predictor, and the standard
error jumps to 0.45.

78 Of course, this requires that the measurement error
in log wages (and in log hours) is additive.
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Notice that I have substituted a function
of time f(¢) for the interest rate variable in
(64). MaCurdy (1981) and Altonji (1986)
both used a complete set of year dummies to
pick up interest rates. But that will not work
here because a complete set of year dum-
mies would enable one to fit changes in aver-
age hours perfectly and the Frisch elasticity
(1/4) would not be identified. Identification
requires that f(¢) be specified as a low order
polynomial in time.

Now, it is important to consider whether
estimation of (65) actually uncovers labor
supply parameters, or some mongrel of
supply and demand factors. For estima-
tion of (65) to identify the Frisch elastic-
ity, we require that the variation in average
wages be induced by anticipated shifts in
labor demand (e.g., anticipated productivity
growth).

But the error term in (65) includes
the mean of the aggregate surprise vari-
able (. This aggregate surprise term would
arise from unexpected aggregate productiv-
ity shocks. Of course, these aggregate shocks
would alter the average wage, and induce
income effects on aggregate labor sup-
ply. Thus, for estimation of (65) to identify
the Frisch elasticity, f(t) must capture such
unexpected aggregate shocks, so that ¢
drops out.

The error term in (65) also includes
(€4 — €i;-1), the average change in tastes for
work. If there are aggregate taste shocks,
we would expect a negative correlation be-
tween (g, — ;,_,) and the change in average
wages (as increased labor supply would drive
down wages in equilibrium). So we must
assume aggregate taste shocks are captured
by the time polynomial f(¢) as well. In sum-
mary, for (65) to represent a supply equation,
it is necessary that f(t) adequately captures
aggregate taste and productivity shocks. [An
alternative is to use demand side instruments
that predict productivity growth, but Angrist
does not pursue this route. ]
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With these caveats in mind, let’s consider
Angrist’s results. He uses PSID data from
1969-79, and takes a sample of 1,437 male
household heads aged 21 to 64 with positive
hours and earnings in each year. He con-
structs average log hours and log wages for
the sample members in each year, and uses
these to estimate (65). If the trend term f(¢)
is left out, the estimate of the Frisch elas-
ticity is —0.132 (s.e. = 0.042), which vio-
lates economic theory. This clearly occurs
because in 1969-79 there was a secular
downward trend in average male hours and
a secular upward trend in wages. When a
linear trend is included, it picks this up and
Angrist obtains a Frisch elasticity of 0.556
(s.e. = 0.124) 2 Using a quadratic trend, he
obtains 0.634 (s.e. = 0.205). Specification
tests do not reject the linear trend model,
although the test may have little power given
the small sample size.

Regardless, these estimates provide some
evidence for higher values of the Frisch elas-
ticity than results from most of the prior lit-
erature would suggest. However, it is unclear
if Angrist obtains the higher value because
of a superior method of handling measure-
ment error or because the results are con-
taminated by aggregate shocks (not captured
by f(¢)) that induce a positive correlation
between wages and hours.

A related paper is by Martin Browning,
Deaton, and Margaret Irish (1985), who
show how one can estimate the Frisch
elasticity using repeated cross section data
instead of true panel data. First, they show
how to derive a version of the Frisch labor
supply function that has the hours change in
levels (not logs) as the dependent variable,
giving an equation of the form

79 It is interesting that when Angrist simply estimates
(65) on the micro data, using a linear trend, he obtains a
Frisch elasticity of —0.267 (s.e. = 0.008). But when he
estimates the hours equation in levels, he obtains —0.063
(s.e. = 0.005). This illustrates how first differencing exac-
erbates the downward bias in the wage coefficient.
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(66) hy —hyy = B{ln wy — In wl’,t—l}

— BInp(l+r,)
- a{Xit - Xi,t—l}

+ G+ <€jf - 5i,t—1)~

To estimate (66), the authors use data on
married men from the FES for the seven
years from 1970-76. The FES does not track
individuals through time. Rather it takes a
random sample of the population in each
year. Thus, it is not possible to take first dif-
ferences like h;, — h;, ; for individual people
i. Instead Browning, Deaton, and Irish con-
struct eight cohorts from the data: men who
were 18-23 in 1970, men who were 24-28
in 1970, up to men who were 54-58 in 1970.
(Note: members of the first cohort are 24-29
in 1976 when the data ends, while members
of the last cohort are 60-64. Thus, the data
cover all ages from 18 to 64.) The authors
then take cohort specific means of each vari-
able in (66) for each year of data. This gives

<67) hct - hc,t—l = ﬂ{ln Wep — In wc,[—l}

— Blnp(l+r)
- a{Xct - Xc,t—l}

+ Cct + <Ect - Ec,t—1)~

Here, for instance In w,, is the mean of the
log wage for people in cohort ¢,c =1,...,8
in year t, t = 1970,...,76. Notice that (,
arises from the mean of the surprise shock
to the marginal utility of wealth for mem-
bers of cohort ¢ in year ¢. This may differ
among cohorts because different cohorts are
affected differently by aggregate shocks in
period ¢. For example, an unexpected reces-
sion in year ¢ may lead to larger unexpected
wage reductions for younger workers.
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Similarly, €, is the mean taste shock for
cohort ¢ in year t. As I noted earlier, writing
the labor supply equation in terms of aggre-
gate or cohort means highlights the potential
existence of aggregate shocks. If aggregate
taste shocks exist, they would alter equilib-
rium wages, and (67) would no longer rep-
resent a labor supply relationship. To deal
with this problem we require “demand side”
instruments that generate exogenous varia-
tion in wages. And, given the existence of
aggregate surprise changes to lifetime wealth
(captured by the (), it is necessary that any
instruments we use to predict wage growth
be known at time ¢ — 1.

Browning, Deaton, and Irish (1985) use
time dummies to pick up the aggregate
shocks, an approach that is feasible for them
(in contrast to Angrist) because they observe
multiple cohorts at each point in time.
However, this approach assumes aggregate
shocks affect all cohorts in the same way, a
point raised by Altug and Miller (1990) that
I'll return to in section 6.2.6.

To estimate (67), Browning, Deaton, and
Irish (1985) use as instruments a quadratic
in age along with lagged wages. They include
number of children as observed taste shifters
in X,;. The wage measure is “normal” weekly
salary divided by normal weekly hours, and
taxes are not accounted for. The main results,
which they report in their table 4, row 4.6,
indicate that the Frisch elasticity is very
small. The estimate of (3 in (67) is 0.13, with
a standard error of 0.27. Given this func-
tional form, the Frisch elasticity is roughly
B/h which is 3.77/43 = 0.09 at the mean of
the data, implying very little intertemporal
substitution in labor supply. Indeed, only the
year dummies (and, marginally, children) are
significant in the equation.

Based on this result, the authors argue
“there is a marked synchronization over the
life-cycle between hours worked and . . . wage
rates...” but “the characteristichump-shaped
patterns of . . . hours . . . though explicable
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in terms of life-cycle wage variation . . .
can be explained as well as or better . . . as
the response of credit-constrained consumers
to the variation in needs accompanying the
birth, growth and departure of children.” This
quote illustrates one of two possible reactions
to finding the Frisch elasticity is very small:

One could maintain that the life-cycle
model is valid but that preferences are such
that people are very unwilling to substitute
hours intertemporally (i.e., v >> 0). Then,
as the Frisch elasticity is an upper bound on
the Hicks and Marshallian, one must con-
clude they are small as well. Alternatively,
one could conclude, as do Browning,
Deaton, and Irish (1985), that consumers
are credit constrained. Then the life-cycle
model is invalid, and the static model is in
fact appropriate. Thus, the Frisch elasticity
is meaningless, and estimates that it is small
tell us nothing about possible values of the
Hicks or Marshallian. Of course, if we aban-
don the life-cycle model we need an alterna-
tive explanation for variation in assets over
the life-cycle 2

6.2.6 The Problem of Aggregate Shocks—
Altug and Miller (1990)

Now lets further consider the issue of
aggregate shocks. It is important to note
that the presence of aggregate surprise vari-
ables like ¢; or ¢, is not only an issue in
studies like Angrist (1991) and Browning,
Deaton, and Irish (1985) that work with
sample or cohort means. Taking means just
makes the issue more salient. The same issue
is implicitly present in studies like MaCurdy
(1981) and Altonji (1986) that use micro

80 There is of course a huge parallel literature testing
the life-cycle model by looking for evidence of liquid-
ity constraints that prevent people from using assets to
smooth consumption over the life-cycle (see. e.g., Keane
and Runkle 1992). Tt is beyond the scope of this survey
to discuss that literature, except to mention that whether
liquidity constraints are important determinants of savings
behavior remains controversial.

Journal of Economic Literature, Vol. XLIX (December 2011)

panel data to estimate versions of (64). The
potential problems created by aggregate
shocks were stressed by Altug and Miller
(1990). In particular, they argue that use of
time dummies to “soak up” the mean of the
aggregate shock in each period may not solve
these problems. B

Specifically, let (¢, — (;;) be the idiosyn-
cratic surprise for household i at time ¢.
Having included time dummies D, in equa-
tion (64), it takes the form

(68) Alnh, = %Aln wy(l =7

+ Dt - %szt + (Cif, - th)

+ l(git —

o Ez,t—l),

where now the error term includes only the
idiosyncratic surprise terms (¢, — () along
with unobserved taste shifters®! The key
point in Altug and Miller (1990) is that, while
(¢ — Ci) is mean zero by construction, it
may be systematically related to instruments
like age and education that are typically used
to predict wage growth in this literature.
For example, suppose the sample period
contains an adverse productivity shock in
year t, but that low education workers are
more adversely affected. Thus, low education
workers have relatively large values for ¢, (as
a positive (, represents a surprise negative
shock to lifetime wealth). Letting S; denote
education, we have Cov[S,, ((;, — ()] <O0.
Now, this would not invalidate education
as an instrument if the sample contained
some other years where shocks to lifetime
wealth tended to favor low education work-
ers. However, the key point is that the sam-
ple must consist of a fairly large number of
years before we could be confident that such

81 Note that for simplicity this discussion ignores the
possible existence of aggregate taste shocks. In that event,
(68) would be modified to also subtract off the time specific
means of those taste shocks.
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favorable and unfavorable shocks roughly
canceled out.

Altug and Miller (1990) do not seek to
“solve” this problem. Instead, they are explicit
about the assumptions needed to make it
vanish. Specifically, they assume that work-
ers have complete insurance against idiosyn-
cratic shocks, so the (¢, — (;;) terms vanish.
Of course, all models are abstractions, so we
should not dismiss a model just because of
an implausible assumption like complete
insurance. And, as Altug and Miller argue,
with the existence of unemployment insur-
ance, family transfers, etc., the existence of
complete insurance, while obviously false,
might not be such a bad approximation. The
real questions are (1) what does the assump-
tion buy you, and (2) does it severely bias our
estimates of parameters of interest?

Now, consider how Altug and Miller (1990)

exploit the complete insurance assumption.
First, return to equation (23) and make the
person subscripts explicit:
(23') [Cz’t]n = E, p(1 +rt+1)[ci,r+1]n n<0.
Recall that [C}]" is the marginal utility of
consumption at time ¢, and (23') describes
how it evolves over the life-cycle, given the
worker makes optimal consumption/savings
decisions. Note that the marginal utility of
consumption in period ¢ is equivalent to the
“marginal utility of wealth” at time ¢, which
I'll denote \;. This is the increment in life-
time utility that the consumer can achieve if
we give him/her an extra unit of assets (or
wealth) at the start of period ¢ (more formally,
the Lagrange multiplier on the budget con-
straint). The equivalence \;, = [C;]" arises
because, for a small increment in wealth at
time ¢, the consumer can’t do significantly
better than to simply spend it all at once.®

82 This is a simple application of the “envelope theo-
rem.” If we give the consumer a small increment of assets
at the start of period ¢, any incremental gain in lifetime
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Now, to assume away idiosyncratic risk,
Altug and Miller (1990) assume that

(69) A = Iy A

A person i with a low g, has a relatively low
marginal utility of wealth, meaning he/she is
relatively rich. The person’s position in the
wealth distribution stays constant over time.
Aside from interest rates and discounting,
the only source of over-time variation in the
marginal utility of wealth is aggregate shocks
that cause movements in \,.

Given this assumption, Altug and Miller
can rewrite (23') as

(70) Xy = E, p(1 +r40) A
A = pE(1 471 )N
= A\ = pE(1+r )\,
Then (23) and (24) become
(T p(L4r DA = M1+ &)
= Aln ) =~ —Inp(l1+r)+¢&.

Notice also that, using (71), equation (64)
becomes

(72) Alnh, = %Aln wy(l—7,)
— 2AX, = Linp1 + 1))
+Le+te,—an
Compared to (64), this equation has the
almost imperceptible difference that the sur-

prise term ¢, = &/~ no longer has an i sub-
script, so it really is just an aggregate shock,

utility he/she might achieve by optimally allocating tiny
increases in consumption over all remaining periods of the
life, so as to satisfy (23), would be trivially small (i.e., sec-
ond order).
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and it can be appropriately captured with
time dummies.

But Altug and Miller (1990) do not make
this point simply as a critique of other work
(or at least its interpretation). They note that
if we adopt the assumption (69), and utilize
the fact that nIn C;, =In A\, =In A, + In g,
then we can first difference (47) to obtain

(73) Alnh, = % Alnwy(1 —7,)
- %AX”
- %[m A=A ]
+ %AEH.

Using (73), we see that we can actually esti-
mate the changes in the In ), from time
dummy coefficients. That in turn means that,
given data on interest rates r,, we can also
estimate the asset pricing equation (71), with
the only unknown parameter being p.

So the main point of Altug and Miller
(1990) is to use data on hours, consumption,
wages, and rates of return to jointly estimate
(i) a within period optimality condition like
(47), a first difference hours equation like
(73), and an asset pricing equation like (71),
using the cross equation restrictions (e.g., 7
appears in multiple places) to get a more effi-
cient estimate of the Frisch elasticity They
estimate their model on a sample of con-
tinuously married men from the PSID for
1967-80. The men had to be no older than
46 in 1967.

A complication is that Altug and Miller
(1990) do not use the simple utility func-
tion (3) that was used by MaCurdy (1981)
and Altonji (1986). They use a more complex
function where wives’ leisure is nonseparable

83 For good measure, they throw in a wage equation as
well. There are no cross equation restrictions between this
and the other three equations, but allowing for the error
covariance increases efficiency.
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from consumption and male leisure. In that
case, the analogue to (47) is the husband’s
demand for leisure equation

(74) Inlh = %m w,,,+% In C,

— QX+ Tl 4 St
Y Y v

where now (1/74) is the intertemporal elas-
ticity of substitution in leisure and [}, is the
wives’ leisure. In estimating (74) jointly with
the rest of the system, the authors obtain a
Frisch elasticity of leisure with respect to the
wage of 0.037, with a standard error of 0.013.
This precise estimate contrasts with an esti-
mate of 0.018 with a standard error of 0.087
that they obtain when they do not include
the first difference hours equation and the
asset equation in the system. Thus we see
that their approach does lead to a substantial
efficiency gain.

Given that leisure is normalized to a frac-
tion of total time, we have that the Frisch
elasticity of male labor supply with respect to
the wage implied by the authors’ estimate is

Oh _ w 91 -1

Onh _ w oh _ w
Olnw h ow h Ow
_ _w dl _ _ﬂi[w ol
h ow hwll ow
_ . 8760
= h( 0.037) 2300(0 037)
= 0.14.

Thus, despite the different methodology, the
estimate is similar to the rather small values
obtained by MaCurdy (1981) and Altonji
(1986).

I conclude by pointing out some limitations
of the study: It uses a ratio wage measure, it
does not incorporate taxes, and it relies on the
poor PSID consumption measure. Finally,
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an odd aspect of Altug and Miller’s (1990)
results is that the coefficient on consump-
tion in (74) is 0.003, which implies 7 = 0.08.
This violates the theoretical restriction < 0
(diminishing marginal utility of consump-
tion). However, the coefficient is so impre-
cisely estimated that one can’t reject that
utility is linear in consumption (7= 0). But
log utility (n = —1) is rejected. So all that can
be discerned is that -1 < n < 0, almost the
whole plausible range for 7.5

6.2.7 A New Approach: Measuring
Expectations—Pistaferri (2003)

A novel twist in the literature is the paper
by Pistaferri (2003). He estimates hours
change regressions (i.e., equation (64)), as
in the MaCurdy (1981) and Altonji (1986)
papers discussed earlier. But Pistaferri
adopts a very different approach. The earlier
papers treated the expected change in wages
from time ¢ — 1 to ¢ as unobserved, and they
used instruments dated at time ¢ — 1 to con-
struct predicted wage growth in the first
stage of a 2SLS procedure. This approach
relies on the assumption that the econome-
trician knows quite a bit about how workers
make forecasts. Specifically, he/she must pick
instruments that (i) are uncorrelated with
the workers’ forecast errors, and (ii) are good
predictors of the wage growth workers actu-
ally expect. But as we saw, these papers suf-
fered from the problem that coming up with
good predictors for wage growth is difficult
(i.e., first stage R’s are low). Perhaps work-
ers can predict their own wage growth better

84 The greater imprecision of the 7 estimate compared
to prior studies may stem from attempting to estimate the
extent of nonseparability between female nonmarket time
and both consumption and male labor supply, which adds
female nonmarket time as an additional regression in the
labor supply equations. Altug and Miller (1990) reject the
joint hypothesis that female nonmarket time is separable
from both consumption and male labor supply, but their
estimates are too imprecise to determine which quantity it
is nonseparable with.
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than we can. Furthermore, as we don’t actu-
ally know how workers forecast wages, we
can’t be sure that all variables dated at time
t — 1 are in fact used to make forecasts, so
we can't be sure they are valid instruments.
Pistaferri’s (2003) innovation is to use actual
data on expectations to construct measures
of workers’ anticipated and unanticipated
wage growth.

The data that Pistaferri uses is the Bank
of Italy Survey of Households™ Income and
Wealth (SHIW) from 1989, 1991, and 1993.
The survey is conducted every two years,
and a fraction of subjects are reinterviewed
(creating a panel component). The survey
contains questions about expected earnings
growth, not wage growth. T'll discuss the
problems this creates below, but first con-
sider how we could use wage expectations
data if we had it.

Recall the hours growth equation (64)
contained actual wage growth as a regressor.
Surprise wage growth was relegated to a part
of the residual denoted §;;, representing how
the surprise altered the marginal utility of
consumption \;. The presence of ¢, in the
residual meant the instruments used to pre-
dict wage growth had to be correlated with
expected wage growth and uncorrelated with
un-expected wage growth. Specifically, recall
that

(@) ¢ = L¢
= %{ln )‘it - Er—l In )\U_l}
dln \
_ % yie n {Aln wy; — E,_;Aln wi,},

where I have defined v, ={Alnw, —
E, ;Alnw,}, the unexpected wage change
fromt — 1tot.

The first two equalities in (75) are only
definitions. But the third states an assump-
tion that all surprise changes in the marginal
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utility of consumption are due to surprise
wage changes. The term d In \,/d ), cap-
tures how wage surprises affect the marginal
utility of consumption. An assumption that
only wage surprises move )\, is fairly strong.
It rules out, e.g., unexpected transfers of
assets. But it is important for Pistaferris
approach, as I describe below.

Now, if expected wage growth could actu-
ally be measured, we could rewrite (64) as

(76) Alnh;, = = (Alnwy,)

1
vy
_ %Ax”—%ln p(1+r,)
1 dn ),
Tody,

x {Alnw, — E,_; Alnw,}

A
S
Furthermore, if we decompose the first term
on the right hand side of (76)—actual wage
growth—into parts that were anticipated
versus unanticipated at time ¢ — 1, we obtain

(77) Alnh, = =(E,_;Alnw,)

1
2]

Equation (77) captures how anticipated
wage changes E, ;Alnw, have only a
Frisch substitution effect (1/7)> 0 on
hours. But unanticipated wage changes
vy, ={Alnw, — E,_ Alnw,} have both
a substitution effect (1/4) and an income

effect (1/y)(dIn A,/d ¢;) <0. Thus, the
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sign of the effect of unanticipated wage
changes is theoretically ambiguous.

A number of authors, including Blundell
and MaCurdy (1999), have argued that tax
reforms are generally unexpected and, to a
good approximation, assumed to be perma-
nent by workers. If we grant this, then, as
Blundelland MaCurdy (1999) state, the coeffi-
cient on unanticipated wage changes, (1/7) +
(1/y)(dIn N, /d ), is what we should be
concerned with for evaluating labor supply
effects of tax reforms.® But many subtle
issues are involved here:

The coefficient (d In \;,/d ;) depends
on many things, including: (i) how do con-
sumers forecast future wages (i.e., to what
extent do they expect surprise changes to be
permanent or transitory?), (ii) how do con-
sumers forecast future taxes (i.e., to what
extent do they expect tax rule changes to be
permanent or transitory?), and (iii) do the
answers to questions (i) and (ii) depend on
the source of the wage or tax change? (E.g.,
If a wage change occurs due to an unex-
pected change in tax law is it expected to
be more or less persistent than if it occurs
due to an unexpected promotion or layoff?)
Many more questions of this type could be
asked.

The first fundamental issue that one must
deal with is how workers map unanticipated
wage changes into expectations of future
wages. To do this one must specify a model
of the wage process, and make an assumption
about how consumers forecast future wages.

85 Note that the two assumptions are really two sides of
the same coin: If one always thinks the current tax regime
is permanent, then one will always be surprised by changes.

86 See Blundell and MaCurdy (1999) page 1603: “As
most tax and benefit reforms are probably best described
as once-and-for-all unanticipated shifts in net-of-tax real
wages today and in the future, the most appropriate elastic-
ity for describing responses to this kind of shift is o + 7,,”
where a; and 7, correspond, in their notation, to the two
coefficients (1/7) + (1/7) (dIn A,/d 1),) on unexpected
wage changes in equation (77).
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Pistaterri (2003) assumes that log wages fol-
low a random walk process with drift

(78) In Wy = In w1+ Xz’,t—l 0+ 77/’#

El—l wit = 07

where 1, is unexpected wage growth.
Pistaferri (2003) further assumes that work-
ers know (78) is the wage process, and use
(78) to forecast future wages. Ironically,
having data on wage expectations does not
obviate the need to make assumptions about
how expectations are formed!® The key
behavioral assumption implied by (78) is that
workers view all wage innovations as perma-
nent: an unexpected wage change ) shifts
a worker’s expectation of all his/her future
wages by exactly 1.

Next, similar to MaCurdy (1981), Pistaferri
(2003) must make an assumption about how
current and expected future wages, as well
as current assets, map into the marginal util-
ity of consumption. Specifically, he assumes
that
(79) In\, =T, A, +T, Inw,

at

T
+ Z I Enw,.

T=t+1

There is a key difference between MaCurdy
(1981) and Pistaferri (2003) however, in that
MaCurdy approximates the marginal utility
of wealth in a model with perfect foresight.
This is a function of the whole life-cycle
wage path and initial assets, and it only var-
ies over time according to the deterministic

87This point has been made in a different context (fore-
casting future prices of durable goods) by Tulin Erdem
et al. (2005). They show that when enough periods are
available one can use the expectations data to estimate the
expectations formation process, but one still has to impose
some a priori structure on the process. Pistaferri cannot
pursue this approach because he only has two periods of
expectations data.
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relationship X\, = p(1 + )\, ;1 (equation
(18)). Thus MaCurdy is trying to estimate a
single In X\, while Pistaferri is trying to esti-
mate the time varying In)\;,.%

A key thing an approximation to In \;
ought to capture is that, as the time horizon
grows shorter, a temporary wage increase
should have a larger effect on the marginal
utility of consumption (i.e., In the terminal
period, a wage increase is used entirely to
increase current consumption, while in an
earlier period it would be spread over all
future periods).® This is why the {T;,} terms
in (79) are allowed to vary over time. Each
term has both a subscript k=0,....,T —¢
that indicates the effect of the expected wage
at time k on perceived wealth at time ¢, and
a time subscript ¢ that allows these effects to
change over time. Of course, if one allowed
the {T';,} terms to vary in an unconstrained
way over k and ¢ there would be severe pro-
liferation of parameters. So Pistaferri con-
strains them to vary linearly.?

88 MaCurdy (1981) backs out In A in a second stage
after estimating the differenced hours equation (64) in
the first stage. This is possible because estimation of (64)
uncovers all parameters of the hours equation in levels,
Inhy = Uy w,(1 —7) + Uy In Ng— )t - Inp(1 + 1) +
(a/y) Xy + (1/7)e;, except for (1/4)In Ay, which is the indi-
vidual specific constant (or “fixed effect”) in the levels
equation. Given these constants, MaCurdy can, in prin-
ciple, regress them on the whole set of life-cycle wages.
However, he only observes wages for his ten-year sample
period. So he fits a life-cycle wage profile for each person
using ten years of data. He then regresses the (1/7)In X,
on the individual specific parameters of this (assumed qua-
dratic) profile. Using the coefficient on the wage equation
intercept, MaCurdy can determine how an upward shift in
the whole wage profile would affect (1/7)In Xy, and hence
labor supply. He estimates a 10 percent increase in wages
at all ages would increase labor supply by only 0.8 percent.
Of course, the problem with this procedure relative to
MaCurdy (1983) method #1 is the need to extrapolate out
of sample wage information rather than using current con-
sumption to proxy for lifetime wealth.

89The same argument holds for an increase in assets. For
instance, a 60 year old who wins a million dollars in the lot-
tery should be much more likely to retire than a 30 year old.

90 This is not indicated in the notation in his paper (see
Pistaferri equation (8)), but Pistaferri has confirmed this to
me in private correspondence.
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From (78)—(79) we get that the surprise
change in the marginal utility of consump-
tion is related to the surprise change in the
wage as follows:

(80) I\, —E,_ InX\=T,A, —E_ A,

t—1""it

+ Ty{lnw, — E,_; Inw,}

T
+ Z I d{E nw;,— E,_ Inw;}

T=t+1

= Fn[Ait - EtflAz't] + Fo{wit}

T
+ 2 T = T, 04T -4,

T=t+1

where I have suppressed the time subscripts
on the I" to conserve on notation.

In (80), all the I" are negative because a sur-
prise increases in assets, a surprise increase
in the current wage, or in any future wage,
all increase the consumer’s perceived wealth.
This leads to higher current consumption
and hence a lower marginal utility of con-
sumption. The second line of the equation
utilizes the fact that, given the random walk
wage process in (78), the changes in all future
wage expectations E,Inw;, —E, Inw,,
for r=t+1,...,T are equal to the cur-
rent wage surprise 1;,. Again, this is because
that surprise is expected to persist forever.
At the opposite extreme, if we had instead
assumed that consumers perceive all wage
surprises as purely transitory, then we
would have E/lnw;,, —E, ;Inw;, =0 for
all T=¢+ 1,...,T and the third term after
the equal sign would vanish. Finally, the last
line of (80) invokes Pistaferri’s assumption
of no unexpected asset changes, and defines
F=Ty+I,+ - +I, 2

91 Notice that the wealth effect term T gets (mechani-
cally) smaller as ¢ gets larger, simply because there is less of
a future horizon over which wages will increase, so fewer I',
terms are being added up. Counteracting that, as T argued
earlier, is that the wealth effect of each individual (period

Journal of Economic Literature, Vol. XLIX (December 2011)

Now, given (80), we have that
dIn \,/d v, =T¢,and hence we can
rewrite (77) as

(81) Alnh, = %(El_lAln w,) — LAX,

- %hlp(l + 1)

1,1
x {Alnw, — E,_; Aln wy}

Aeg,

Ty

This gives us Pistaferri’s essential idea. We
can use the coefficient on expected wage
changes to estimate the intertemporal elas-
ticity of substitution (1/7), while using the
coefficient on unexpected wage changes to
estimate the “total” effect of a wage change,
which includes both the substitution effect
and the income effect. Taking the differ-
ence between the two coefficients enables us
to isolate the income effect of a permanent
wage increase (I'/7).

Estimation of (81) has some key advan-
tages over the conventional approach pur-
sued in MaCurdy (1981) and Altonji (1986).
First, instruments need not be uncorrelated
with wage surprises, as unexpected wage
changes are controlled for (rather than
being relegated to the error). This also cir-
cumvents the problem, noted earlier, that
it is hard to find good predictors of wage
growth. Second, as Pistaferri notes, the best
predictors are usually age and education,
but it is a strong assumption that these are
excluded instruments not appearing in the
hours equation itself (i.e., that they do not
shift tastes for work). Third, the problem of
aggregate productivity shocks is avoided, as

specific) wage increase should grow larger as one gets
closer to the end of the planning horizon.
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the average forecast error no longer enters
the error term.

Unfortunately, there are important gaps
between this excellent idea and its actual
empirical implementation. The first prob-
lem Pistaferri faces is that the Bank of Italy
Survey does not really contain expectations of
wage changes, but only of earnings changes.
Pistaferri shows how to construct a version
of (81) where expected and unexpected
earnings replace wages, and coefficients are
suitably modified. However, as Pistaferri
notes, this introduces a major problem:
Unobserved shifts in tastes for work will of
course alter earnings (as earnings are a func-
tion of hours). And, as unobserved tastes for
work (Ag;,) enter the error term in the hours
equation, expected and unexpected earnings
changes are endogenous.

Second, expected earnings changes are pre-
sumably measured with error. As variables like
hours and earnings are measured with error, it
would be highly implausible to assume a more
subtle concept like the expected change in
earnings is not measured with error as well.
Furthermore, there may be systematic errors
arising from how respondents interpret the
survey question, which reads “We are inter-
ested in knowing your opinion about your
labor earnings or pensions 12 months from
now.” Is it clear whether respondents would
include expected tax changes when answering
such a question? And, while the expectations
question asked about earnings 12 months
hence, the data on wages, hours and earnings
were collected in 1989, 1991, and 1993. In
order to align the two-year time interval of the
earnings data with the one-year forecast hori-
zon, Pistaferri assumes a person would have
projected their earnings growth rate forecast
to persist for two years, an additional source of
measurement error.

Both of these problems suggest that it
may be necessary to instrument for expected
and unexpected changes in earnings, using
variables that help predict these variables
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but that are uncorrelated with taste shocks
and measurement error. In that case, a key
advantage of Pistaferri’s procedure (i.e., not
needing to instrument) is lost. Pistaferri
(2003) does not in fact attempt to deal with
these problems, and he estimates his version
of (81) by least squares.

For estimation, Pistaferri uses data on
male household heads aged 26 to 59 in 1989.
There are 1,461 person-year observations
in the unbalanced panel. As observed taste
shifters he uses age, education, region, fam-
ily size, whether the wife or other household
members work, and number of children in
various age ranges. He estimates that the
Frisch elasticity is 0.704 with a standard
error of 0.093 and the income effect (I'"/7)
is —0.199 (standard error 0.091). Thus, the
elasticity of labor supply with respect to a
surprise permanent upward shift in the wage
profile is 0.51. That is, a permanent unex-
pected 10 percent wage increase would cause
a 5 percent increase in labor supply. This is
avery large uncompensated wage effect, and
it implies that permanent tax changes have
very large effects on labor supply. The result
contrasts sharply with MaCurdys (1981)
comparable estimate of only an 0.8 percent
increase. We should view both results with
some caution however, given the data limita-
tions noted above .2

92 Pistaferri (2003) contains a few other elements I
haven’t mentioned. His version of (81) includes a measure
of the perceived variance of earnings, also obtained from
the survey of expectations. But he finds that variance is not
significant in the hours equation. He also tests for separa-
bility between leisure and consumption but does not find
strong evidence of nonseparability. Finally, Pistaferri also
uses his data to estimate an hours change regression like
that in MaCurdy (1981) and Altonji (1986), using a cubic
in age and education and interactions between age and
education as instruments. This produces a Frisch elasticity
of 0.318 with a standard error of 0.319. The R? in the first
stage regression is only 0.0025 with an F-statistic of 1.73. A
key advance in econometric practice since the 1980s is the
attention that is now paid to the problem of weak instru-
ments in the first stage of 2SLS. A common rule of thumb
is that the F-statistic should be at least 5 before results are
to be trusted.
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Another key point is that Italy had a reces-
sion in 1993. Pistaferri (2003) includes a
1993 dummy in (81) and obtains a coefficient
of —0.068 (standard error of 0.023), which
implies a 6.8 percent decline in hours not
explained by the model. This may suggest
that workers in Italy are not free to adjust
hours in the short run, and that there was
demand induced rationing.

6.2.8 Progressive Taxation and Tied
Wage—Hours Offers—Aaronson
and French (2009)

The papers in sections 6.2.4 to 6.2.7 all
ignore taxation in estimating the Frisch elas-
ticity. Aaronson and French (2009) account
for both progressive taxation and tied wage—
hours offers. In their model, the wage is
given by w =w,h’ and labor earnings are
given by E = wh — 7(wh + N), where 7() is
a tax function. The effective wage is d E/dh =
(1 —7'()ldwh)/dh] = w(1 + 0)(1 + 7'(+)).
Equation (22) is modified so the marginal
utility of leisure is set equal to the marginal
utility of consumption A times the effective
wage, as in 3, h] = \aw,(1 4+ 0)(1 — 7'()). A
key point is that if we now perform the usual
log and first-difference procedures, so as to
obtain the analogue of (25), the term (1 + 6)
drops out. Thus, at least given this functional
form for the tied wage-hours relationship,
we cannot identify 6 in the MaCurdy (1981)
framework. So ignoring tied wage-hours
offers will not bias estimates of the prefer-
ence parameter 7.

Nevertheless, if 8 > 0, the Frisch hours
response to a tax change is magnified (i.e., it
is greater than (1/7)). Intuitively, if a tax cut
raises hours then it raises the pretax wage,
which further raises hours, etc.. Aaronson
and French show the Frisch elasticity with
respect to (1 — 7)isep = (1/7)/[1 — 6(1/7)].
But to estimate § we need outside informa-
tion—e.g., as Aaronson and French note,
Moffitt (1984) and Keane and Wolpin (2001)
both estimate § = 0.20, the former using a
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wage on hours regression (using taste shift-
ers like children to instrument for hours),
the latter in a structural model (see Section
6.3.3). If (1/7) = 1 and 6 = 0.20 we get
ep = 1/0.80 = 1.25. Then, if we ignore tied
wage hours offers we understate the wage
elasticity by 25 percent.

Aaronson and French note that the simple
regression In(1 — 7) = 1, — m In(wh + N)
with 7 = 0.11 gives a fairly good fit to the
U.S. progressive tax structure for the 1977-96
period. They derive that in this case, if taxes
are ignored, the usual IV method of estimat-
ing (25) will lead to downward (asymptotic)
bias in the estimate of (1/7) by a factor of
(1 —m)/[1 + m(1/7)]. Thus, for example, if
(1/4) = 1 and m; = 0.11 then the bias factor
is 0.80. That is, our estimate of the Frisch
elasticity would be biased down by 20 per-
cent due to ignoring progressive taxation.

If we combine the problems of ignoring
taxes in estimation and ignoring tied wage-
hours offers in prediction, we see the down-
ward bias in predicting the hours response
may plausibly be on the order of 50 percent.
This is certainly important, but on the other
hand, it is not adequate to reconcile the
predominantly small Frisch elasticities esti-
mated in the literature with a view that labor
supply responses are actually quite large.

Using PSID data from 1977-96 and CPS
data from 1979-2003, the authors obtain
a range of Frisch elasticities from 0.161 to
0.608 depending on details of the specifica-
tion.” Interestingly, the estimates are almost
completely insensitive to whether or not they
include the progressive tax term. But, as the
authors note, this does not show that failure

93 The estimates are precise due to large sample sizes,
despite first stage R’ in the 0.001 to 0.002 range. In
some speciﬁcations a ratio wage measure is used. In other
specifications, to avoid denominator bias, the authors use
earnings instead of wages as the independent variable. In
this case, the earnings coefficient is 1/(1 + ). The latter
approach leads to somewhat larger estimates of the Frisch
elasticity.
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to account for progressive taxation is innocu-
ous. Rather, this result obtains because the
usual age and education polynomial instru-
ments used in this literature do a very poor
job of predicting the tax term. (I am puzzled
why the authors did not try using tax rules as
additional instruments).

6.3 The Life-Cycle Model with Both Human
Capital and Savings

A fundamental problem with the labor sup-
ply models in sections 6.1 and 6.2 is that they
treat (pretax) wages as exogenous. That is,
they ignore the possibility that work experi-
ence may lead to increased wages. Existence
of such experience effects has rather striking
implications for all estimation methods dis-
cussed in sections 6.1 and 6.2.

To see this, let’s return to the simple two
period model of (15) but assume that the
wage in period 2, rather than being exog-
enously fixed, is an increasing function of
hours of work in period 1. For expositional
purposes, I will assume the simple function
(82) wy = w1 + ahy),
where « is the percentage growth in the
wage per unit of work. Once we introduce
human capital accumulation via work experi-
ence as in (82), equation (15) is replaced by

wi h1<1 — 7—1> + b]1+n

_ 1
(83) V = Ty

h1+7
1+

_61

o 1+n
¥ b(1 +r)]

{[wl(l + ahhy(1 — 75)

1+7n
1+7
- ﬂQl }

where I have ignored nonlabor income for
simplicity. The first order conditions are now
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84) OV — ¢l (1—7)

o v
oh, Bl

+ pClw,a hy(l —71,)=0

85) OV = Clwy(1+ah)(1—7)

ohy
_Bzh;/ =0
(86) g—‘b’ = Cl—pl+rCl = 0.

Comparing (84) to (16) we see it now
includes the extra term pCjw, ahy(1 — 7,),
the effect of an extra hour of work at ¢ = 1
on the present value of earnings at t = 2. If
we perform the usual manipulations on (84)
to obtain the within period MRS condition,
we now obtain

_ MU, _ phi
MRS =3 = G
C
wi(l—7)+ pC awhy(1 = 7,.)

1

This can be simplified by using (86) to elimi-

nate C3/C1 = [p(1 + r)]~", giving
Bhi i awhy(1 — 1)
(87) Ci]l = wl(l — 7'1) + %

It is useful to compare (87) to (22), the MRS
condition for the model without human
capital. Here the opportunity cost of time
(OCT) is no longer simply the after-tax wage
rate. Instead, it is augmented by the term
aw hy(l — 7,)/(1 + r), which captures the
effect of an extra hour of work at ¢ =1 on
the present value of earnings at ¢ = 2.

The fact the MRS condition for ¢t =1
depends not just on variables dated at
t =1 but also on hy means the key idea of
MaCurdy’s method #1 and #2—i.e., that cur-
rent consumption is a sufficient statistic for
all future variables—no longer holds. Say we
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ignore this problem and attempt to estimate
preferences by estimating an MRS condition
like (22), without the human capital term.
The size of the resultant bias depends on the
behavior of the human capital term. I'll dis-
cuss this in detail in section 6.3.2.3 after we
examine some empirical results.

6.3.1 Early Attempts to Include Human
Capital—Heckman (1976),
Shaw (1989)

I now turn to the empirical literature on
male life-cycle labor supply that includes
human capital accumulation. Unfortunately,
there are very few papers of this type. As far
as I am aware, the first paper to estimate a
life-cycle model with human capital was
Heckman (1976). The computing technol-
ogy available at that time did not permit
estimation of a model where workers decide
jointly on savings and human capital invest-
ment, particularly not while also allowing
for uncertainty in wages and stochastic taste
shocks. Thus, Heckman’s model is determin-
istic and only attempts to fit “typical” life
cycle paths of wages and hours.

The Heckman (1976) approach is rather
different from the “learning by doing” model
in (82)—(83). Instead, he follows Yoram Ben-
Porath (1967) and William J. Haley (1973) in
using a model where a worker may choose to
devote some fraction to his/her work time to
investment. The worker is paid only for pro-
ductive time, not time spent learning. But
observed labor supply is the sum of all time
at work: productive time plus investment
time. Hence, the observed market wage rate
in period t is w, = w, (1 — S(¢)), where w/,
is the worker’s actual productivity and S(¢) is
the fraction of his/her time at work that the
worker spends investing in human capital.

The key similarity between Heckman’s
model and the learning-by-doing model is
that the observed market wage rate (w,) is
not the opportunity cost of time. Instead it is
w,", the worker’s productivity, as that is what
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he/she gives up per unit of time spent in lei-
sure or learning. The cost of time exceeds
the wage rate by the multiplierl/(1 — S(¢)),
which is an increasing function of the frac-
tion of time at work that the worker spends
investing in human capital. So fundamentally
Heckman’s model is quite similar in spirit to
that in equations (82)—(83), in that human
capital investment causes the opportunity
cost of time to exceed the wage.

Heckman (1976) estimates an equation
for S(t) jointly with an equation for observed
hours and wages (derived from a particular
functional form mapping investment time
into wages). He uses data for 23-65 year
old males from the 1970 U.S. Census. As
the model is deterministic, it is fit to aver-
age wages and hours (by age). Heckman’s
estimate of the S(t) function implies that
23-year old males spend roughly 35 per-
cent of their “work” time on human capital
investment. Hence, their opportunity cost
of time exceeds their observed wage rate
by roughly 54 percent. The fraction of time
spent investing is estimated to drop steadily,
becoming near 0 percent at about age 40.
Thus, his estimates imply the OCT grows
only 65 percent as much as the observed
wage from age 23 to age 40 (i.e., wi/wa; =
wyo/[was3/(1 — 0.35)] = (0.65)(w0/1w33)).

Shaw (1989) substantially extended
Heckman (1976) by estimating a model
where workers make joint decisions about
savings and human capital investment, incor-
porating uncertainty about future wages and
hours. Her approach is to estimate an equa-
tion similar to equation (87), the MRS con-
dition. However, to take the model to data
one must first extend it to multiple periods
and introduce uncertainty. A simple way to
do this is to rewrite (87) as

(58) O = w1 -7

T—t
h 1-—
+ Etz (aw,) t+1+7’< ]+TTH>]+T)
=0 (147

>
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where I assume the wage equation (82) has
the form w,,; = (1 +a Y| hw,. Then,
a one-unit increase in h, raises the wage by
(acwy) in all future periods. This raises earn-
ings by (cw)h, 1, for =t + 1,...,T. The
second term in (88) is the expected present
value of increased (after-tax) earnings in all
future periods obtained by working an extra
unit of time at time t.

Unfortunately (88) involves hours of work
in all future periods, which is not available in
any data set. So Shaw (1989) uses the follow-
ing trick: First, rewrite (88) as

.
(88) 5Ch,,; — w(l—7)
(awl)ht+1<1 - Tt+1)
(I+r)
T—t—1

(awph 9 (1 = Typsyr)
+ E T [+2+T
p» 1+ PP

Now take (88) and date it forward one period:

" h’y
(ss") & = (-7
+
1 E,., Tfl <aw]>ht+2+r<1 - Tt+2+7’>
t+

0 (L+ )t

Now, notice that the summation terms on the
right-hand sides of (88') and (88") are identi-
cal, except for a factor of 1/(1 + r) and the
dating of the expectation. So, premultiplying
(88") by 1/(1 + r) and taking the expectation
at time ¢ we obtain

Gh
(89) E[{%—i—r{ C:]:l - wt+1<1 - 7}+1)

T—t—1
— E, Z (aw])ht+2+r<1 _7—t+2+7'>

= (1+ 2

The intuition for why these manipulations
are useful is that, at time ¢, the worker knows
(or, rather, we assume he/she knows) that
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at time ¢ + 1 he/she will choose hours and
consumption to satisfy (88”). Thus, we can
use the workers own labor supply and con-
sumption behavior at ¢ + 1, described by
the simple expression on the left of (89), to
infer what he/she believes about the complex
expectation term sitting on the right 2

So, using (89) to substitute for the summa-
tion term in (88’), we obtain

90) Bhi _

C'r] wi<1 - Tz‘)
t

(awl)ht+l(1 - Tt+1)
1+r)

h?
+ Ez{ 1 ﬂ t+1

T+r|ClL, 7wt+l<177—t+])

}

This equation is feasible to estimate, as it
only requires data on hours at time ¢ and
t + 1, wages at t and ¢ + 1, and consump-
tion at time ¢ and ¢ + 1. The final step is to
replace the expectation term with its actual
realization, while appending a forecast error:

Wy
(Oéw1>ht+1<1 - 7't+1>
(1+47)

1 [Bhin

+ C?H - wH—l(l - TH—I) + £t+1'

1+r

Equation (91) is the basic type of equation
that Shaw (1989) uses. The estimation is
done in two stages. In the first stage, a wage
equation is estimated to determine how
wages grow with work experience (i.e., o

94 Interestingly, this is a continuous data analogue of the
procedure developed by V. Joseph Hotz and Miller (1993)
to infer agents” expectations from their discrete choices in
discrete choice dynamic programming models.
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in equation (82)). In the second stage, the
wage equation parameters are treated as
known and (91) is estimated by instrumental
variables.® Valid instruments are known by
workers at time ¢, so they are uncorrelated
with the forecast error &, ;.

While (91) is similar to what Shaw (1989)
estimates, she does not include taxes. On
the other hand, she introduces a number of
additional features. First, rather than (3) she
uses a translog utility function as in (63), with
G(X) =X. As a consequence the marginal
utility of consumption and leisure terms in
(91) become more complicated. Second, she
lets the taste for work parameter 3 vary across
workers based on schooling level. Third, in
the wage equation she allows the rental rate
on human capital to vary over time.

It is interesting that Shaw (1989) does not
introduce stochastic variation in tastes as
in the previous studies we have examined.
The reason why can be seen by looking at
the simple MRS condition for the model
without human capital, (22), and following
the steps that led to equation (64), where
expectation errors and taste shocks enter
as a composite additive error. Hence, one
can estimate (64) by IV without having to
assume any distribution for the forecast
errors and taste shocks. In contrast, in (91),
we see that if §is allowed to have a stochas-
tic component it will enter the equation in a
highly nonlinear way. Thus, the taste shock
will not “pop out” into an additive error that
can be combined with &,. This makes the
simple application of instrumental variables
estimation infeasible.®

To proceed, Shaw (1989) assumes a work-
er’s human capital, K, evolves according to

95 Shaw (1989) also substitutes for consumption at ¢ + 1
using the familiar relationship C{' = E, p(1 4+ r)C}. ;.

96 Recently, Keane (2009) has proposed a simulated
maximum likelihood method for estimating models where
multiple stochastic terms enter the first order conditions
nonlinearly.

Journal of Economic Literature, Vol. XLIX (December 2011)

(92) Kipyy = oy Ky + g Ki + a3 Ky hy
+ a,hy +ashi+ 7, + ¢,

That is, current human capital is a quadratic
function of last year’s human capital and last
year’s hours of work. The {7} are year spe-
cific aggregate shocks while the {¢,} are per-
son specific idiosyncratic shocks to human
capital production (i.e., illness, job separa-
tions). The wage rate is the aggregate rental
price of human capital (R,) times the stock of
human capital:
93) wy = R Ky = Ky = wy/R,.
Shaw (1989) allows rental prices to vary over
time in an unconstrained way. However,
as the units of human capital are arbitrary,
the rental price must be normalized in one
year (R; = 1). An estimable wage equation is
obtained by substituting (93) into (92). The
parameters to be estimated are the {a}, the
rental rates, {R,}L,, and the time dummies,
{m}-

Shaw (1989) estimates the wage equation
using data on white males, aged 18 to 64,
from the 1968 to 1981 waves of the PSID.
Valid instruments should be uncorrelated
with the human capital production shock ¢,
in (92). Shaw uses a polynomial in current
wages? and hours, along with schooling, age,
local unemployment, a South dummy and
year dummies.

It is worth commenting on the use of cur-
rent hours h; as an instrument. In general,
we would expect the person specific produc-
tivity shock ¢; to enter the decision rule for
hours. For example, if ¢, is high, a person
realizes his/her human capital is going to rise
substantially at time ¢ + 1, even if he/she
has low current hours of work. Thus, given

97 Note that ¢, does not affect the wage until ¢ + 1. So
the current wage is a valid instrument given the timing.
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diminishing returns to human capital, we
would expect the person to work less at time
t. Under this scenario, current hours are not
a valid instrument. The key assumption that
would validate using hours as an instrument
is if €, is not revealed until after the worker
decides on current hours of work.

Another important point is that, unlike
conventional studies in the human capi-
tal literature, the wage equation estimated
here does not include an individual effect to
capture a person’s unobserved skill endow-
ment. Shaw (1989) makes the point that this
is not necessary here, because the lagged
level of human capital proxies for unob-
served ability.

Given (92), the derivative of human capi-
tal with respect to hours of work is

OKi 11

= a3 Ky + oy + 205k

The estimates are oy = 0.30, «, =-3.55,
and a5 = 0.69. To interpret these figures, let
R = 1, and note that mean hours in the data
is 2,160 while the mean wage rate is $3.91.
Then, noting that h; is defined as hours
divided by 1,000, we have, at the mean of
the data

aKt’,t-H

+ 2(0.69)(2.16) = 0.60.

This implies, for example, that an extra 500
work hours at time ¢ (an increase in h, of 0.5)
increases the wage rate at ¢ + 1 by 30 cents
per hour. In percentage terms, this is a 23
percent hours increase causing an 8 percent
wage increase—a very strong effect of work
experience on wages.

Notice that the positive estimate of «;
implies that hours of work and human capi-
tal are compliments in the production of
additional human capital. That is, wages rise
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more quickly with work experience for high-
wage workers than low-wage workers.

The estimates also imply that human capi-
tal rental rates are quite volatile, although
the year specific rental rates are quite impre-
cisely estimated. Interestingly, Shaw (1989)
reports that the series of annual rental rates
for the fourteen years of data has a correla-
tion of —0.815 with an index for the price of
fuel. This is consistent with results in Keane
(1993b) showing that oil price movements in
the 1970s and 1980s had very large effects on
real wages in the United States.

Shaw (1989) estimates the first order
condition (91) using a subset of the data
(10 years), as the PSID did not collect food
consumption in 1967-68 and 1975. The
instruments, assumed uncorrelated with
the forecast error &, ;, include a fully inter-
acted quadratic in the time t values of leisure
(defined as 8,760 minus hours of work), food
consumption, and the wage rate (constructed
as annual earnings divided by annual hours).
Also included are education, age, the local
unemployment rate, a South dummy, and
time dummies.

The parameter estimates are reasonable,
implying the marginal utility of leisure and
consumption are both positive, with dimin-
ishing marginal returns. The coefficient on
the consumption/leisure interaction is nega-
tive, implying hours of work and consump-
tion are compliments. The discount factor
is estimated to be 0.958. More interesting
however are the simulations of the model.

Unfortunately, first order conditions like
(91) are inadequate to simulate the behavior
of workers in a life-cycle model. The problem
is that the first order condition, combined
with the laws of motion for human capital (92)
and assets (A, = (1 4+ r)(w,h, — C, + A)),
only tell us how hours, wages, and assets
move from one period to the next, condi-
tional on a particular starting point. But the
assumed starting point is arbitrary. The first
order condition cannot be used to determine
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optimal first period choices implied by the
model. For that, we need a “full solution” of
a worker’s dynamic optimization problem, an
issue I turn to in section 6.3.2.

Note that this criticism is not particular to
Shaw (1989). It also applies to all methods
based on estimating first order conditions
of life-cycle models that I discussed earlier
(e.g., MaCurdy 1983 method #1), and to the
life-cycle consistent methods (e.g., MaCurdy
1983 method #2)2 Furthermore, this criti-
cism of first order condition methods omits
the further problem that, even to use first
order conditions to simulate forward from
an arbitrary starting point, one still needs
to know the distribution of the stochastic
terms (e.g., the forecast error &, in (91)).
The instrumental variables estimation tech-
niques that are typically used to estimate first
order conditions do not deliver estimates of
the distributions of the stochastic terms of
the model, makin%even this limited type of
analysis infeasible.

These problems are why, when authors
have estimated dynamic models using first
order conditions or life-cycle consistent
methods, they have sometimes used the esti-
mated preference parameters to simulate

98 MaCurdy (1983) himself emphasized the limitations
of all these approaches. As he stated: “Implementing the
above procedures yields estimates required to formulate
the lifetime preference function, but . . . this . . . is not suf-
ficient to determine how a consumer will respond to vari-
ous shifts in budget or asset accumulation constraints, such
as those arising from changes in wages or in tax policies. . . .
To form predictions for such responses, it is necessary to
introduce sufficient assumptions to provide for a complete
... formulation of the lifetime optimization problem ...
which, in addition to a function for preferences, requires
a full specification for a consumer’s expectations regard-
ing current and future opportunities . . . Given a particu-
lar formulation for the lifetime optimization problem, one

. [can conduct] . .. simulation analysis which involves
numerically solving the consumer’s optimization prob-
lem for the different situations under consideration.” The
numerical procedure that MaCurdy describes here is what
I refer to as a “full solution” of the optimization problem.

99 Keane (2009) develops an estimation method that
involves estimating the distribution of stochastic terms that
enter first order conditions.
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how workers would respond to tax changes
under the hypothetical that they live in a
static world (with a static budget constraint).
An example of this is MaCurdy (1983). In
some cases such simulations are informa-
tive. For instance, in the simple life-cycle
model of (15), workers™ response to a per-
manent anticipated tax change is given by
the Marshallian elasticity (6). But this is no
longer true in a life-cycle model with human
capital: If a tax change alters labor supply
at time ¢ it will also alter the pretax wage at
t + 1. Thus, the response will change with
age/time (see section 6.3.2.4) 100

Consistent with the above discussion,
Shaw (1989) conducts her simulations by
choosing arbitrary ¢ =1 values for wages,
hours, and assets, and setting the stochastic
terms to zero. Despite these limitations, the
simulations are interesting. Take a worker
starting at age 18 with a wage of $3.30 per
hour and working 2,200 hours per year. The
simulations imply that such a worker’s wage
would rise to roughly $3.65 over the first
eight years of employment (an 11 percent
increase), but his/her hours are essentially
flat (in fact, they decline very slightly).

This is a more extreme version of the pat-
tern found in Heckman (1976). Even though
the wage increases by 11 percent over the
first eight years, the OCT does not rise at
all, as the drop in the human capital return
to experience is sufficient to completely
outweigh it. As a result, hours do not rise.
Thus, a researcher looking at these simu-
lated data through the lens of a model that
ignores human capital would conclude there
is no intertemporal substitution whatsoever
in labor supply, yet we know that, in the
true model that generates the data, there is

100 Indeed Keane (2011) argues that, in a model with
human capital, tax changes cannot be viewed as inducing
exogenous changes in after-tax wages, because the worker’s
labor supply response to the tax change affects his/her
wage path, rendering the wage change endogenous.
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intertem%ral substitution with respect to
the OCT.

6.3.2 Full Solution Estimation with Human

Capital and Assets—Imai and Keane
(2004)

Imai and Keane (2004) was the first paper
to use full solution methods to estimate a
life-cycle labor supply model that includes
both human capital investment and assets,
along with a continuous choice of hours.
As their model is rather complex, I present
a simplified version that captures the main
points. Assume a worker’s human capital
evolves according to

(94) Kijp1 = (14 a hy)K;.

K;, is the person’s skill endowment at the
time of labor force entry® A person’s wage
at ¢ is equal to the current stock of human
capital times the (constant) rental price of
skill R. Human capital is subject to a transi-
tory productivity shock. Specifically:

(95) wy; = RK/(1 + ¢,).

The  period  specific  utility — func-
tion is given by (3), as in MaCurdy
(1981), and assets evolve according to
A= 0+ A, +wh(l —71)—C,).
Given this setup, an agent’s state at the start
of any period ¢ is fully characterized by the
vector of state variables Q, = {K,, A,, ¢,, 3,}.

101 Shaw (1989) admits that her model actually provides
a rather poor fit to the data because hours for youth do in
fact exhibit a moderate rise in the first several years after
they enter the labor market. She attributes this to factors
omitted from the model. Note, however, that it is the very
large experience return in her model that drives this result,
by causing the opportunity cost of time to greatly exceed
the wage at t = 1.

102 Tmai and Keane (2004) actually assume a much more
complex process, designed to capture patterns of compli-
mentarity between human capital and hours of work in the
human capital production function. But use of the simpler
form in (94) helps to clarify the key points.
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Imai and Keane (2004) assume that the
shocks to wages (g,) and tastes (/3,) are inde-
pendent over time. Such independence
assumptions are common in the literature,
because, as we'll see, they greatly reduce
the computational burden of obtaining a full
solution to the agents” dynamic optimization
problem ' The next section describes the
solution method. Readers not interested in
the technical details can skip to 6.3.2.2.

6.3.2.1 How to Solve the Dynamic
Programming Problem—A
Simple Exposition

To describe the full solution method, I first
take the value function for the simple two-
period model (83) and extend it to a multi-
period setting (with uncertainty):

(96) V(K. A,¢,0B,)

T 1+ 1+
C i h v
+ E T—1 T 67— T
(KH—l’ AH—I) .

The value function now has a ¢ subscript, as
it is specific to time period ¢, as opposed to
being a lifetime value function. The argu-
ments of the value function are the complete
vector of state variables. The first term on
the right-hand side of (96) is current utility
at time t. The second term is the expected

103 Stochastic terms such as tastes for work are often
assumed to consist of a part that is constant over time and
a part that is stochastic. The constant part is no different
from any other utility function parameter (i.e., 7 or ).
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present value of utility in all periods from
t + 1 until the terminal period T.

The notation E{-|(K,,, A,,1)} indicates
that the expectation E, is taken conditional
on next period’s state variables K, ; and A, ;.
This is possible because the model is set up
so human capital and assets evolve determin-
istically—i.e., given (K,, A;) and the current
choice (C,, h,), the worker knows the result-
ing (K, A, ) with certainty. It is important
to note that the expectation is taken assum-
ing choices will be made optimally in all
future periods. As a result, it is often called
the “Emax” or “Emax,” function for short.

Uncertainty in the model arises from
only two sources: the wage shocks ¢, and
taste shocks (3,19 Thus, the expectation
E{-|(K,;1, A;y1)} in (96) is taken over pos-
sible ¢ 4+ 1 realizations of ¢, and (.
Because of the independence assumption,
g, and f, do not help predict ¢,,; and j, ;.
Thus, they drop out of the conditioning set.
This is why independence greatly reduces
the computational burden of solving the
agent’s optimization problem.

To obtain a full solution of the agent’s
problem, we must (in principle) solve for
the value functions in (96) at every possible
state point. This is done via a “backsolving”
procedure, where we start with the termi-
nal period T. That is, we start by calculating
Vi (Ky, Ag, ep, Br) for every possible state
(Ky, Ag, €p, Br) at which the worker might
enter period T. Note that, in the terminal
period, we simply have

(97) VT<KT> Ar, Er, 5T)
C By
= gﬁ{un e ¢

104 Uncertainty, and hence the need to take an expecta-
tion of the time ¢ + 1 outcome, may arise for a number of
other reasons. For instance, the rental rate on human capi-
tal may evolve stochastically, as in Shaw (1989). Or there
may be a stochastic component to how interest rates or tax
rates evolve. Such features may be incorporated fairly sim-
ply, but they would complicate the exposition.
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As there is no future beyond T, we have a sim-
ple static problem. Given w; = RKy(1 + &)
and A, the consumer chooses consump-
tion and hours of work to maximize utility at
time T subject to the static budget constraint
Cr=wrhy (1 —17)+ A3

The solution to this static problem for any
particular state (K, Ay, €, Br) is given by

forhnd — )+ AT~ o7

which can be solved for the optimal h; via
an iterative search procedure.™ Once the
optimal h; is determined, the optimal Cy is
obtained from the budget constraint, and
these are both plugged into (97) to obtain
Vi (Ky, A, ep, Br) at that particular state
point.

We see immediately however that it is
not feasible to solve for V (K, Ar, er, Or)
at literally every state point: the number of
possible levels of human capital, assets, pro-
ductivity shocks and tastes for work at the
start of period T is extremely large, if not
infinite. Keane and Wolpin (1994) devel-
oped an approach to this problem that has
become quite widely used in the literature
on dynamic models. The idea is to calculate

105 For expositional simplicity, I assume the end of the
working life T' corresponds to the end of life, and there
are no bequests. Hence, the worker consumes all of his/
her remaining assets at time T. In Imai and Keane (2004),
the worker values carrying assets into T + 1 as savings for
retirement and for bequests. These extensions are handled
by adding to (97) an additional term f(Ay, ) that represents
the value of assets carried into period T + 1.

106 As an aside, I'd argue that the basic idea of the life-
cycle model with human capital—that working hard today
improves one’s prospects tomorrow—is one that most
people find quite intuitive. Yet one often hears academic
economists argue that people can’t behave as if they solve
dynamic optimization problems because the math involved
is too daunting. On the other hand, one doesnt often
hear academic economists argue that people can’t behave
according to a static labor supply model because they can’t
solve an implicit equation for hours like (98). I suspect that
most people would find solving an implicit equation daunt-
ing as well.
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the Emax, terms like those on the right side
of (96) at only a finite (and tractably small)
subset of the state points. One then interpo-
lates the Emax, values at the remaining state
points.

To illustrate how the procedure works,
we start by using (97)—(98) to calculate
Vi (Ky, Ag, e, Br) at aset of D randomly cho-
sen state lpomts Denote these solutions by
V(KL AL el 5% for d = 1,...,D. We now
choose an interpolating function to approxi-
mate Emax; (Kp, Ap) = Ep o {-|(Kp, Ap)}
at points (Ky, Ap) that are not among the
selected points.

Denote the interpolating function that
approximates Emax(Ky, A7) by

7r(Ky, Ar)

~ Er_{Vr(Kp, Ar, er Bp) | (Kr, Ap)}

8’/TT
DA,

8’/TT

9K,

where > 0, > 0.

We must assume that 7; is a smooth differ-
entiable function of K; and A, for the next
step. For expositional convenience, assume
wris the following simple function of K; and
Ar:

(99) 7Ky, Ap) = g9 + 7 In Ky
+ e ln AT'

We now estimate the parameters of thls func-
tion by regressing the VT(K(I, Al gl ) 4) on
(KT, A ford =1,....D.

107 Alternative solution methods are discussed in sev-
eral references, including John Rust (1987), John Geweke
and Keane (2001), and Victor Aguirregabiria and Pedro
Mira (2010). Olympia Bover (1989) shows how, in the case
of a Stone-Geary utility function (with assets as the only
state variable), it is possible to obtain an exact closed form
solution for the DP problem. But this functional form is
very restrictive, so the model provides quite a poor fit to
the data.
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Note that €% and 5% should not be included
in the regression in (99), as the worker
does not use these variables to forecast
V(K% AL, £4 T ﬁd) The regression is meant
to give a predlctlon of VA(K$, AL, &l € ﬁd)
based only on (K%, A%), which is how Emax;
is defined.

Once we have fit the regression in (99), we
can use it to predict or interpolate the value
of Er_ {Vi(Ky, Ay, &1, Bp) | (Ky, Ap)} at any
desired state point (Ky, Ap), including, in par-
ticular, valuesof (K, A7) thatwerenotamongst
those used to fit the regression. Thus, we may
proceed as if Er {Vi(Kp,Ar, €1, 0p) | (Kp, Ap)}
is known at every possible state (K, Ar).

The next step of the backsolving process is
to move back to period T — 1. To do this, we
will need to be able to solve for V;_;(-) at any
particular state point (K;_1, A 1, €71, Br_1).
Note that at time T — 1 equation (96) takes
the form

VT—I<KT—1> AT—b €T71> ﬁTfl)

C1+77 ]’l 1+’y
:cﬁni‘hfl{[lw Pt
C1+7] ]’l 1+~
+ pET—l{ m - ﬂr L+~ (KT: AT)}}~

But, if we substitute our approximating poly-
nomial 7, (K, Ap) & E;p_{Vy(+) | (K, Ap)}Hfor
the expectation term on the right, we obtain
simply

(lOO) VT—l(‘KT—l’ AT—b ET71> 6’[‘71)

C1+77 hl+’)
147 ~Pr- ll—i-'y

/A  max {
Cr—1hr—1

+ prr(Key, AT)}-
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Using (99), and substituting in the laws of

motion for assets and human capital, we
obtain

_ G hr'i

Vi = Tty ﬁpll_’_v

+ P{WTO + mpIn Ky (1 4+ a by y)

+ mIn(l + r)[wr_ hpy (1 —7)
= Cry + AT—1]}~
Notice that finding the optimal values of Cy,

and hy_ is now just like a static optimization
problem. We have the first order conditions

OV, N
(l()la) 8h;,i = _ﬁplhf—l
+pm a
PP Fahy )
wr_ (1 —17)
+ 07T =0.
P TZwT—lhT—1<1 —7)—Cr +Ar
ov 1
101b L — ¢y
( ) 9C, T-1
1
—pT =0.
P wyr thy (1 =7 —Cr+Ar

These two equations can be solved numeri-
cally to obtain the optimal (C; ;, hy ).
These values can be plugged into (100)
to  obtain Vi (Ky_y, Ap_y, €71, Bro1)-
Thus, given the interpolating function
7r(Ky, Ar), we have a simple way to solve
for Vi ((Ky 1, Ap_y, €9y, Br 1) at any state
point (Ky_1, Ay, €7y, Br_1) that might arise
atT — 1.

The next step of the backsolving pro-
cess is to fit an interpolating regression like
(99) to obtain an approximating function
T (K, Apy) & Ep of Vi O)|(Kpoy, Ap 1)}
to use to approximate Emax; ;. We
have already devised a way to solve
for Vi (-) at any particular state point
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(Ky_1, A1, €71, Br_1). So we randomly pick
a subset of D possible state points and solve
for Vi 4(-) at those points. Denote these
solutions by Vi (K¢ AL ed | e ) for
d=1,...,D. We obtain a new interpolating
function mp_(Ky_ 1, Ar_ ;) bg/ running aregres-
sion of the V(K& Af | ed | 3% ) on
the (K¢ |, A% ), as in (99). Using this inter-
polating function, we can write the (approxi-
mate) value functions at time T — 2 as

(102) Vir_s (KT—2> Ay, Er_9, ﬂpg)

1+n
Crls

h 1+
_ 6 T—2
1+n =21 ++

A~  max {
Cr—g.ir—2

+ prr(Ky_y, AT—l)}

Note this is exactly like equation (100), the
(approximate) value function at time T — 1,
except here we have an approximating func-
tion mp_(Ky_;, Ar_y) with different coef-
ficients. The first order conditions for C;_,
and hy_, will look exactly like (101), except
with different 7 values. So the problem at
T — 2 is essentially identical to that at T — 1.
Thus, we can keep repeating the above steps
until we obtain an approximate solution for
every period back to ¢ = 1.

When the backsolving process is finished,
the (approximate) full solution consists of
the complete set of interpolating functions
m(K,, A) for t =2,...,T. Using these inter-
polating functions we can solve simple two
equation systems like (101) to find optimal
choices of a worker at any point in the state
space. In particular, using my(Kj, A,) we can
solve for optimal labor supply and consump-
tion in period ¢t = 1, the first period of the
working life. As I discussed earlier, this is
what first order conditions alone do not allow
one to do.

Furthermore, by drawing values for the
productivity and taste shocks and repeatedly
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solving equations like (101) over time, one
can simulate entire career paths of workers.
This in turn, enables one to simulate how
changes in tax rates would affect the entire
life-cycle path of labor supply and consump-
tion, as one can re-solve the model and simu-
late career paths under different settings for
the tax parameters.

6.3.2.2 Empirical Results—Imai and
Keane (2004)

The model in Imai and Keane (2004) is
in most respects similar to that in (94)—(96).
The main difference is they use a much
richer specification for the human capital
production function, designed to capture the
empirical regularity that wages grow more
quickly with work experience for higher
wage workers. The parameters of the human
capital production function are also allowed
to differ by education level.

Imai and Keane (2004) estimate their
model using white males from the National
Longitudinal = Survey of Youth 1979
(NLSY79). The men in their sample are aged
20 to 36 and, as the focus of their paper is
solely on labor supply, those included in the
sample are required to have finished school.
Due to the computational burden of estima-
tion, they randomly choose 1,000 men from
the NLSY79 sample to use in estimation.
People are observed for an average of 7.5
years each, and not necessarily starting from
age 16.

Notably, Imai and Keane allow for mea-
surement error in hours, earnings, and
assets when constructing the likelihood of
the data given their model. They use a ratio
wage measure, but account for the resultant
denominator bias in forming the likelihood.
Given that all outcomes are assumed to be
measured with error, construction of the
likelihood is fairly simple. One can (1) simu-
late histories of hours, earnings and assets for
each worker, and (2) form the likelihood of a
worker’s observed history as the joint density

1035

of the set of measurement errors necessary
to reconcile the observed history with the
simulated data 1%

Imai and Keane estimate that v = 0.26. In
a model without human capital, this would
imply a Frisch elasticity of (1/v)=3.8,
which implies a much higher willingness to
substitute labor intertemporally than in any
estimation we have discussed so far (with
the sole exception of MaCurdy 1983). What
accounts for this wide divergence in results?

Imai and Keane argue that failure of
prior studies to account for human capital
led them to severely underestimate (1/7).
The logic of their argument is described in
which gives a stylized plot of male
wages and hours over the life cycle.!® The
solid line is (typical) annual hours, while the
dotted line is the typical wage path. Many
studies have shown that both these curves
have hump shapes over the life cycle (see,
e.g., the descriptive regressions in Pencavel
1986 or the descriptive statistics in Imai and
Keane 2004).

Now, as we have seen, the typical study of
the Frisch elasticity regresses hours growth
on wage growth. To deal with endogeneity,
it instruments for wages using polynomials
in age and education. Predicted wages so
obtained will follow a hump shape over the
life-cycle as in Thus, if we regress
hours growth on predicted wage growth, we
essentially uncover the relative slope of the
hours and wage curves. The hump in wages
is much steeper than the hump in hours, so
the estimated elasticity of hours with respect
to predicted wages is small.

The dashed line labeled “HC” in
4 represents the return to human capital
investment—i.e., the return to an extra hour

108 Keane and Wolpin (2001) first developed this
approach to forming the likelihood in dynamic models.

109 That is, it does not plot any particular data set, but
simply illustrates the typical patterns for male wages and
hours observed across a broad range of data sets.
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Figure 4. Hours, Wages, and Price of Time over the Life Cycle

Note: HC denotes the return to an hour of work experience, in terms of increased present value of future wages. The

opportunity cost of time is Wage + HC.

of work in terms of increased future earn-
ings—given by the second term on the right
hand side of (88). The Imai and Keane (2004)
estimates imply that at age 20 this human
capital return is slightly larger than the wage
itself, so in the HC line is drawn as
starting slightly higher than the wage line.
Of course, the human capital investment
return declines with age, because the worker
approaches the end of the planning horizon
T. By age 36, the human capital return is
only 25 percent as large as the wage.

The line labeled “OCT” in is the

opportunity cost of time (OCT), which is the
wage plus the human capital return. The
Imai—Keane estimates imply that from age 20
to 36 the mean of the OCT increases by only
13 percent. In contrast, the mean wage rate
increases by 90 percent in the actual data,
and 86 percent in the simulated data. So the
wage increases about 6.5 times faster than
the OCT. As a result, if we use the relative
slopes of the hours and OCT curves to esti-
mate how responsive hours are to changes in
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the price of time, we will obtain an estimate
of (1/7) about 6.5 times larger than if we
compare the relative slopes of the hours and
wage curves. This is the Imai—Keane argu-

ment for why they obtain such a large value
of (1/ ~) 1

6.3.2.3 Assessing the Credibility of the
Imai—Keane (2004) Results

Whether the Imai and Keane estimate of
(1/7) is credible hinges on several factors.
Two in particular are: (1) Can their model
replicate results from earlier studies?, and
(2) is it plausible that the bias from omitting
human capital is as great as Imai and Keane
claim?

To address the first issue, Imai and Keane
simulate data from their model, and use IV
methods like those in MaCurdy (1981) and
Altonji (1986) to estimate (1/7). They obtain
estimates of 0.325 (standard error = 0.256)
and 0.476 (standard error = 0.182), respec-
tively. Thus, the model generates life-cycle
histories that, viewed through the lens of
models that ignore human capital, imply low
Frisch elasticities like those obtained in most
prior work,1

The authors also compare OLS regres-
sions of hours changes on wage changes
for both the NLSY79 and simulated data
from their model. The estimates are —0.231
and —0.293, respectively. Thus, the model
does a good job of fitting the raw correla-
tion between hours and wage changes in the
data. This shows that a negative correlation
between hours and wage changes in the raw

10 French (2005), in a study of retirement behavior,
also obtains a rather large value of (1/7) =1.33 for the
intertemporal elasticity of substitution for 60 year olds in
the PSID. As both Shaw (1989) and Imai and Keane (2004)
note, human capital investment is not so important for peo-
ple late in the life cycle. For them, the wage will be close
to the OCT, and the bias that results from ignoring human
capital will be much less severe.

11 In other words, the model does not generate data
that exhibit an oddly high level of positive comovement
between hours and wages compared to the actual data.
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data is not inconsistent with a high willing-
ness to substitute labor inter-temporally over
the life-cycle. What reconciles these prima
facie contradictory phenomena is the diver-
gence between the OCT and the wage in a
world with returns to work experience.

To address the second issue—Is it plausi-
ble that the bias from omitting human capital
is as large as Imai and Keane claim?—I have
done a simple back-of-the-envelope calcula-
tion using the two-period model of equations
(82)—(87). From (84)—(86) we obtain

hy\”
()
_bB wi(1+ ah)(1 — 1)
Bo p(1 4 rw (1 — 1) + pawhy(l — 1)

To obtain a more intuitive expression, I set
wy = w;(1 + ahy), assume 7, = 7, = 7, and
take logs

oo n(52) = (4)fn( i)

_ ln(l + la—f—lzr) —Inp(1+r) — ln(%)}

This is the same as the first difference log
wage equations often used to estimate
the Frisch elasticity (see (25)), except for
the additional term In(1 4+ ahy/(1 + 1)).
If o > 0, this is positive. So the existence
of learning-by-doing will, ceteris paribus,
reduce the rate of hours growth over the life
cycle (relative to the exogenous wage case).
A model that ignores learning-by-doing will
rationalize the apparently small response of
hours to wage growth by understating (1/7).

How large is this bias likely to be? One way
to look at the problem is to simplify (103) by
assuming p(1 +r) =1 and 3, = f,. Then
we can solve (103) for (1/7) to obtain
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Equation (104) says that, if o = 0, we could
calculate (1/7) just by taking the ratio of hours
growth to wage growth. This is analogous to
the standard regression procedure for esti-
mating the Frisch elasticity.™2 But if o # 0,
the human capital term (1 + ahy/(1 + 1)),
which tells us how much the OCT exceeds
the wage at t = 1, comes into play. How
large is this term?

In a two-period model each period corre-
sponds to roughly twenty years of the work-
ing life. It is plausible (in fact, conservative)
in light of existing estimates that oh,, the
percentage growth in the wage rate over the
first twenty years, is on the order of 33 per-
cent.™ A plausible value for hours growth
from age 25 to the peak at roughly age 45 is a
modest value like 20 percent, which implies
that ahy is roughly 33 percent x (1.20)
= 40 percent. A reasonable value for
1/(1 + r)is 0.554. Thus, a plausible value for
the human capital term (1 + ahy/(1+ r))
is about 1 + (0.40)(0.554) = 1.22. Plugging
these values into (104) we obtain (1/7)
=1In(1.20) + In(1.33/1.22) = 2.1.14

However, if we mistakenly ignored the
human capital term, we would instead obtain

H20Of course, in this simple model we abstract from any
complicating factors that would require us to use IV.

U3 For instance, using the PSID, Geweke and Keane
(2000) estimate that for men with a high school degree,
average earnings growth from age 25 to 45 is 33 percent.
For men with a college degree, they estimate 52 percent.
Most of this earnings growth is, in fact, due to wage growth
because the growth in hours is modest.

114 An interesting aspect of this example is that wage
growth is entirely endogenous, in that it is solely due to
work experience. Yet it is still possible to estimate (1/7) by
relying on the structure of the model. Note that the OCT
in period 2 is just the wage ws = w;(1 + h,). The OCT at
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(1/4) = In(1.20) = In(1.33) = 0.6. Thus, in
this simple example, plausible (in fact con-
servative) values for the returns to work
experience bias the estimate of (1/7) down
by a factor of 3.5. Larger (yet still plausible)
returns to experience lead to larger biases. 2

6.3.2.4 Implications of the Imai—Keane
Model for Effects of Wage and
Tax Changes

Imai and Keane (2004) use their model to
simulate responses to a 2 percent temporary
and unanticipated wage increase. This gen-
erates primarily an intertemporal substitu-
tion effect, as a short-lived wage increase has
a small effect on lifetime wealth (at least for
relatively young workers). For a person at age
20 the increase in hours is only 0.6 percent.
At first this may seem surprisingly small,
given their estimate of (1/) = 3.8. The rec-
onciliation lies in the fact that, according to
Imai and Keane’s estimates, at age 20 the
wage is less than half the opportunity cost
of time. As we would expect, the strength of
the substitution effect rises steadily with age.
At age 60, the increase in hours is nearly 4
percent, and at age 65 it is about 5.5 percent.

Unfortunately, Imai and Keane did not
simulate effects of permanent tax changes,
which are more relevant for tax policy. To fill
this gap, Keane (2011) uses the Imai—Keane
model to simulate permanent tax effects.
Note that Imai-Keane estimate v = 0.26
and 1 = -0.74. In a model without human

t = 1 is given by the wage times the human capital term,
w(1 + ahy/(1 + r)). Taking the ratio of the two, we get
that the growth in the OCT is (1 + ovh,)/(1 4 ahy/(1 + 1)).
Taking the ratio of hours growth to OCT growth delivers
the correct estimate of (1/7).

15 For instance, a back-of-the-envelope calculation in
Keane (2010) shows that, given consensus values for the
return to work experience in the United States, at age 20
the OCT is roughly double the wage, while at age 40 it is
only 20 percent greater. This implies the OCT grows about
six times more slowly than the wage, leading to a downward
bias by a factor of six in calculating (1/7). These figures are
very similar to the Imai and Keane (2004) estimates.
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capital, this implies a Marshallian elasticity of
(1+n)/(y—n =~ 024 and a compensated
(Hicks) elasticity of 1/(y — ) =~ 1.0. However,
when Keane (2011) uses the Imai—Keane
model to simulate effects of a permanent 5
percent tax rate increase (starting at age 20)
on labor supply over the whole working life,
he finds uncompensated and compensated
elasticities with respect to permanent tax
changes of 0.40 and 1.32, respectively.

Thus, human capital magnifies the effect
of permanent tax changes beyond what we
would expect from plugging the Imai—Keane
preference estimates into a static model.
This is because, with human capital, a tax cut
has a cumulative effect: If a tax cut increases
hours at ¢ it will also raise the pretax wage
at t + 1. This causes a further increase in
hours at ¢ + 1, etc. Over the whole life cycle,
this cumulative effect is quite dramatic. For
example, given a (compensated) permanent
5 percent tax increase starting at age 20, sim-
ulated reductions in hours are 3.2 percent,
3.3 percent, 4.2 percent, 5.7 percent, 8.7
percent, and 20 percent at ages 20, 30, 40,
45, 50, and 60, respectively. By age 60, the
reduction in the pretax wage rate relative to
the baseline case is roughly 10 percent. It is
notable that, in response to a permanent tax
increase, workers not only reduce labor sup-
ply, but also shift their lifetime labor supply
out of older ages toward younger ages.

As we have seen, the human capital mecha-
nism dampens the effect of transitory taxes
while magnifying the effects of permanent
taxes. As Keane (2011) points out, this means
that—contrary to conventional wisdom—in
a model with human capital, a permanent
tax change may actually have a larger effect
on current labor supply than a temporary tax
change. The reason is apparent if we look at
(87). A temporary t =1 tax increase affects
only the current wage w,(1 — 7). Buta perma-
nent tax increase, which increases both 7, and
Ty, reduces the human return awhy(1 — 75)/
(1+ 1) as well. Thus, the permanent tax
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change may have a larger effect on the OCT
att = 1 than a temporary tax change.

I say “may” because Keane (2011) shows
the outcome is theoretically ambiguous. A
permanent tax change has both (i) a larger
income effect and (ii) a larger effect on
returns to human capital. These forces work
in opposite directions. Keane (2011) pres-
ents simulations showing that for plausible
parameter values the human capital effect
can dominate, so permanent tax changes
have larger effects. He also shows that in the
Imai—Keane model permanent tax changes
have larger effects only for younger work-
ers (those in their 20s and 30s). This is as
expected, as the human capital return is
most important for younger workers.

Finally, two limitations of Imai and Keane
(2004) are that, like most work on dynamic
male labor supply models, they ignore both
progressive taxation and participation deci-
sions. As Aaronson and French (2009) and
Richard Rogerson and Johanna Wallenius
(2009) point out, both these factors may have
caused prior work to understate labor supply
elasticities. Thus, the failure to include them
may cause Imai and Keane to exaggerate the
role of human capital. However, it seems
unintuitive that adding these features would
cause one to infer smaller elasticities.

6.3.3 Education, Experience, Saving, and
Participation—Keane and Wolpin
(2001)

The first paper to structurally estimate a
model with human capital and savings was
actually Keane and Wolpin (2001). But unlike
Imai and Keane (2004), and other male labor
supply papers I have discussed, they did
not allow for a continuous choice of hours.
Instead, the work options are discrete (full-
time, part-time, or not at all). Unfortunately,
they do not simulate wage elasticities, so it
is hard to compare their results to those of
papers I discussed previously. Indeed, their
focus was not on labor supply per se, but on
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school attendance. Still, as we’ll see, some of
their estimates are directly relevant to the
present discussion.

Keane and Wolpin (2001) set out a model
where a person (age 16 to 65) decides
every period whether to work and/or attend
school full-time, part-time, or not at all.
Choices are not mutually exclusive (e.g., a
youth might work part-time while attending
college). Somewhat unusually, the model
has three decision periods per year (the two
school semesters and the summer). This
allows youth to work summers to finance
school.

The model is fit to panel data from the
NLSY79, which contains people aged 14-21
in January 1979. The sample consists of 1,051
white males who are followed from age 16
until 1992. The maximum age attained in the
sample is 30. The NLSY79 collected compre-
hensive asset data beginning in 1985, making
it possible to model savings. A key feature of
the model is that it allows for liquidity con-
straints (i.e., an upper bound on uncollater-
ized borrowing that is estimated). The model
fits data on assets, school, and work from age
16 to 30 quite well.

One reason the paper is of interest here
is that it assumes a CRRA utility function in
consumption, so it provides an estimate of the
key preference parameter 7 in (3). It is the
only paper besides Imai and Keane (2004) to
do so in a context with both human capital
and saving. Keane and Wolpin (2001) obtain
n~ —0.50. This compares to the n =-0.74
obtained by Imai and Keane (2004). The
Imai-Keane estimate of 7 implies a slightly
lower intertemporal elasticity of substitu-
tion in consumption than the Keane—Wolpin
estimate (i.e., (1/n)=1/(-0.74) =-1.35
versus 1/(—0.50) = —2.0).® However, both

16 The intertemporal elasticity of substitution in con-
sumption is the drop in current consumption in response
to an increase in the interest rate (the willingness to sacri-
fice current consumption for higher future consumption).
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estimates imply weaker income effects,
and a higher willingness to substitute
intertemporally, than much of the prior
literature.

Keane and Wolpin (2001, p. 1078) discuss
how failure to model liquidity constraints
may have led to downward bias in prior
estimates of 7.0 A number of other recent
studies also give credibility to values of 7 in
the 0.5 to —0.75 range. Jacob K. Goeree,
Charles A. Holt, and Thomas R. Palfrey
(2003) present extensive experimental evi-
dence, as well as evidence from field auc-
tion data, in favor of n ~ 0.4 to —0.5. Patrick
Bajari and Ali Hortacsu (2005) estimate
1~ —0.75 from auction data.

A second point of interest is that Keane
and Wolpin allow the full and part-time
wage functions to differ. They estimate that
part-time wages are roughly 15 percent
lower than full-time. This enables them to
fit the low prevalence of part-time work
(see section 6.1.5). Authors like Rogerson
and Wallenius (2009) have used this result
to motivate models where most of the vari-
ability in male labor supply is on the partici-
pation margin.

6.3.4 Efficiency Costs of Taxation in a
Life-Cycle Model with Human
Capital

Finally, Keane (2011) uses the Keane and
Wolpin (2001) and Imai and Keane (2004)
estimates of v and 7 to calibrate the simple
two period model of equation (83), and uses
it to provide simulations of the efficiency
cost of income taxation. To do this, he aug-
ments the model to include a public good P
financed by taxation, as in

U7 Specifically, without constraints on uncollateralized
borrowing, one needs a large negative 7 to rationalize why
youth with steep age—earnings profiles do not borrow heav-
ily in anticipation of higher earnings in later life.
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where Af(P) indicates how people value the
public good. The government provides the
same level of the public good P in both peri-
ods, and the government budget constraint
requires that P + P/(1 + r) equals the pres-
ent value of tax revenues. The benevolent
government sets the tax rate optimally to
equate marginal utility of consumption of
the public and private goods. ™

As we have a two period model we can
think of each period as roughly twenty years
of a forty year working life (e.g., 25 to 44 and
45 to 64). The annual interest rate is set at
3 percent, and the (twenty-year) discount
factor is set to p = 1/(1+ r)*° = 0.554.
The wage equation is similar to (82), but
augmented to include a quadratic in hours
and depreciation of skills. Wage equation
parameters are calibrated to give 33 percent
to 50 percent earnings growth from age 25 to
45, comparable to what Geweke and Keane
(2000) find for men in the PSID. Results are
obtained for f(P) =log(P), f(P) = 2P° and
f(P) = P, corresponding to cases where P/C
declines, is stable or grows as C increases.
The qualitative results are not very sensitive
to this assumption.

H8 In the solution, workers ignore the effect of their
own actions on P, as each worker makes a trivial contribu-
tion to total government revenue. Thus, workers continue
to solve equations (84)—(86).
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To calculate efficiency losses, Keane
(2011) also solves a version of the model in
which a lump sum tax is used to finance the
public good. The lump sum tax is set to the
level that funds the same level of the public
good as in the proportional tax version of the
model.

In a version of the model without human
capital, it would be typical in the prior lit-
erature to estimate (1/v)~ 0.25. For this
value, Keane (2011) finds the efficiency loss
of proportional income taxation is a bit less
than 6 percent of revenue raised, regardless
of the form of f(P) or whether 7 is set to —0.5
or —0.75. This is consistent with the conven-
tional wisdom that efficiency losses from
taxation are small if the substitution effect
is small. In contrast, when Keane (2011)
sets (1/7) ~ 2.0, welfare losses as percent
of revenue are 20 to 40 percent of revenue
(depending on the degree of curvature in
utility from the public good). Notably, effi-
ciency losses are not very sensitive to 7 but
are strongly increasing in (1/7).

6.4 Summary of the Male Labor Supply
Literature

The literature on male labor supply is
vast, with many contentious issues. It is thus
impossible to arrive at a simple summary.
One crude way to summarize the literature is
to give a table that lists all the elasticity esti-
mates from the papers I have discussed. I do
this in In many ways, such a table is
useless because it makes no attempt to weigh
studies based on their relative merits (qualit
of data, soundness of approach, etc.).
in effect ignores all the important issues I
discussed in sections 4-6.

On the other hand, is useful for
answering the following type of question:
“In the male labor supply literature, is there
a clear consensus that the Hicks elasticity is
small?” Recall that, in section 2, I quoted
Saez, Slemrod, and Giertz (2009) as stating:
“with some exceptions, the profession has
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TABLE 6

SUMMARY OF ELASTICITY ESTIMATES FOR MALES
Authors of study Year Marshall Hicks Frisch
Static models
Kosters 1969 —0.09 0.05
Ashenfelter-Heckman 1973 —0.16 0.11
Boskin 1973 -0.07 0.10
Hall 1973 n/a 0.45
Eight British studies® 1976-83 —0.16 0.13
Eight NIT studies® 1977-84 0.03 0.13
Burtless-Hausman 1978 0.00 0.07-0.13
Wales-Woodland 1979 0.14 0.84
Hausman 1981 0.00 0.74
Blomquist 1983 0.08 0.11
Blomquist-Hansson-Busewitz 1990 0.12 0.13
MaCurdy-Green-Paarsch 1990 0.00 0.07
Triest 1990 0.05 0.05
Van Soest-Woittiez-Kapteyn 1990 0.19 0.28
Ecklof-Sacklen 2000 0.05 0.27
Blomquist-Ecklof-Newey 2001 0.08 0.09
Dynamic models
MaCurdy 1981 0.08" 0.15
MaCurdy 1983 0.70 1.22 6.25
Browning-Deaton-Irish 1985 0.09
Blundell-Walker 1986 -0.07 0.02 0.03
Altonji® 1986 —0.24 0.11 0.17
Altonji® 1986 0.31
Altug-Miller 1990 0.14
Angrist 1991 0.63
Ziliak-Kniesner 1999 0.12 0.13 0.16
Pistaferri 2003 0.51" 0.70
Imai-Keane 2004 0.40¢ 1.32¢ 0.30-2.75
Ziliak-Kniesner 2005 —0.47 0.33 0.54
Aaronson-French 2009 0.16-0.61
Average 0.06 0.31 0.85

Notes: Where ranges are reported, mid-point is used to take means.
*= Average of the studies surveyed by Pencavel (1986).
b= Effect of surprise permanent wage increase.

¢
d
e
f

= Using MaCurdy Method #1.

= Using first difference hours equation.

= Approximation of responses to permanent wage increase based on model simulation.

= Age range.
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settled on a value for [the Hicks] elasticit

close to zero." But, as we see in
the mean value of the Hicks elasticity across
twenty-two studies reviewed here is 0.31.
(Note that seven studies do not estimate this
parameter).

As we have seen, a value of 0.31 for the
Hicks elasticity is large enough to generate
substantial efficiency costs of taxation. For
instance, Ziliak and Kniesner (2005) obtain
a Hicks elasticity of 0.33, and simulations
of their model imply substantial efficiency
costs. And Blomquist (1983) and Blomquist
and Hansson-Brusewitz (1990) obtain Hicks
elasticities of only 0.11 and 0.13, respectively,
yet they also simulate substantial efficiency
costs from progressive taxation (i.e., 12 per-
cent and 16 percent of revenue, respectively,
compared to only 2 percent or 5 percent
under a flat rate tax). Similarly, Ziliak and
Kniesner (1999) obtain a Hicks elasticity of
0.13, yet also simulate large efficiency costs
of taxation. Based on these results, one
would have to conclude that a Hicks elastic-
ity of 0.31 is quite sufficient to generate large
efficiency losses.

It is also interesting to display the esti-
mates graphically, as I do in Note
that, of the twenty-two studies considered
here, fourteen produce estimates in a tight
range from 0.02 to 0.13. And eight studies
produce estimates in the 0.27 to 1.32 range.
As the figure makes clear, there is an odd
gap between 0.13 and 0.27, with no studies
falling in that range. Estimates of the Hicks
elasticity seem to bifurcate into a low group
versus a high group.

It would be difficult to look at and
conclude there is a broad consensus within
the economics profession that the Hicks
elasticity is close to zero—unless, that is, one
believes all the studies bunched up in the

19 At that point, I did not note that they were spe-
cifically referring to the Hicks elasticity, as T had not yet
defined the different elasticity concepts.
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0.02 to 0.13 range are credible while all those
in the 0.27+ range are flawed. I think such a
position would be untenable, as one can also
point to flaws in all the studies in the 0.02 to
0.13 range (just as in all empirical work).20

The notion there is consensus on a low
Hicks elasticity may stem in part from a
widespread perception that piecewise-linear
budget constraint methods (Burtless and
Hausman 1978, Wales and Woodland 1979,
and Hausman 1980, 1981) have been dis-
credited, and that all the high estimates come
from this approach. But as I have discussed,
a careful reading of literature suggests this
is not the case. These methods have some-
times produced low estimates of the Hicks
elasticity, while alternative methods have
sometimes produced high estimates. There
is no clear connection between the methods
adopted and the result obtained.

Indeed, as the careful study by Ekl6f and
Sacklén (2000) showed, divergent results
across studies may be better explained by
the data used than by the particular empiri-
cal methods employed. In particular, they
find that studies that use “direct wage mea-
sures” (i.e., a question about ones’ wage rate
per unit of time, such as hourly or weekly
or monthly) tend to get higher estimates of
labor supply elasticities than studies that use
“ratio wage measures” (i.e., annual earnings
divided by annual hours). This is presumably
because the denominator bias inherent in
taking the ratio biases the wage coefficient in
a negative direction.

This pattern can be seen quite clearly in
Specifically, of the eight studies that
obtain “large” values for the Hicks elastic-
ity (i.e., those in the 0.27+ range), six use a
direct wage measure (Hall 1973, Hausman

120 For example, Kosters (1969) does not account for
endogeneity of wages, Ashenfelter and Heckman (1973)
do not account for taxes, MaCurdy, Green, and Paarsch
(1990) and Triest (1990) use ratio wage measures that
would lead to denominator bias, Blundell and Walker
(1986) do not instrument for full income, and so on.
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Figure 5. Distribution of Hicks Elasticity of Substitution Estimates

Note: The figure contains a frequency distribution of the twenty-two estimates of the Hicks elasticity of substitution

discussed in this survey.

1981, van Soest, Woittiez, and Kapteyn 1990,
MaCurdy 1983, 2 Eklsf and Sacklen 2000,
Ziliak and Kneisner 2005), one works with
shares to avoid ratios (Wales and Woodland
1979), and one models the measurement
error process to take denominator bias into
account in estimation (Imai and Keane
2004).

121 In the Denver experiment, workers were asked
a direct question about their wage rate every month.
MaCurdy (1983) is a bit vague about how he constructed
his wage measure, but from his description I believe he
took an average of the answers to these monthly questions
over twelve months to get an annual wage.

Thus, if we give all studies equal weight,
the existing literature suggests a Hicks elas-
ticity of 0.31. But if we were to only count
the studies that use direct wage measures,
we would obtain 0.43.12 Finally, another

122 Of the twenty-two studies examined, fourteen
studies either used direct wage measures or made some
attempt to deal with the denominator bias problem. In
addition to the eight cited above, these include Burtless
and Hausman (1978), Blomquist (1983), Blomquist and
Hansson-Brusewitz (1990), Blomquist, EkI6f, and Newey
(2001), Blundell and Walker (1986), and Ziliak and
Kneisner (1999). The average Hicks elasticity among this
group is 0.43.
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point I have stressed is the failure of prior
studies to account for human capital. The
effect of human capital is to dampen the
response of younger workers to transitory
changes in their wage rates. This is because,
for them, the wage is a relatively small part
of the opportunity cost of time. I believe this
has probably led to downward bias in prior
estimates of labor supply elasticities. The
one study that accounts for this human capi-
tal effect, Imai and Keane (2004 ), obtained a
Hicks elasticity of 1.32.

In summary, to conclude there is consen-
sus on a small Hicks elasticity for males, one
has to put essentially all mass on the fourteen

studies bunched up near zero in and
This is hard to justify, as these stud-
ies do not share any broad common feature
in terms of either methodology or data con-
struction. Indeed, the closest they come to a
shared feature is that eight of the fourteen
use ratio wage measures, which may well
lead to downward biased estimates.

Finally, note that no existing paper deals
with all of the issues I discussed in section
4. For instance, no paper has allowed for
saving, progressive taxation, human capi-
tal, and participation decisions simultane-
ously. This would obviously be a difficult
undertaking.

7. Female Labor Supply

Next I turn to the literature on female
labor supply. The literature on women has
evolved quite differently from that on men.
As we saw in section 6, the literature on
males has mostly ignored participation deci-
sions because the large majority of prime-
age males do work. Thus, researchers have
argued (or hoped) that the selection bias
induced by ignoring nonworkers would be
minimal. The male literature has instead
focused on the continuous choice of hours,
and emphasized savings as the main source

of dynamics.
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In contrast, a large percentage of women
(especially married women) do not work, so
the literature has long focused on modeling
the participation decision (see Heckman
1974). Nonparticipation brings to the fore:
(i) the issue of fixed costs of work (see
Cogan 1981) and how they are influenced
by marriage and children, and (ii) the ques-
tion of how tastes for work are influenced
by past work decisions (see, e.g., Heckman
and Robert J. Willis 1977).

Also, the prevalence of nonparticipation
naturally raises the issue of depreciation
of human capital. Thus, while the litera-
ture on males has mostly treated wages
as exogenous, the literature on females
has long focused on how work experience
affects earnings (see, e.g., Yoram Weiss and
Reuben Gronau 1981, Eckstein and Wolpin
1989).

Conversely, the literature on women has
placed less emphasis on saving as a source
of dynamics. This is no accident: as Eckstein
and Wolpin (1989) note, it is very compu-
tationally difficult to model participation,
human capital and saving simultaneously.
So the emphasis on participation and human
capital has often come at the expense of not
modeling savings.

At least since the pioneering paper by
Mincer (1962), the literature on women
has found it unsatisfactory (though often
practically necessary) to treat marriage
and children as exogenous to female labor
supply decisions. Instead, it is natural to
think of women making decisions—based
on their endowments of market and non-
market skills—about what fraction of the
life-cycle to spend in school versus market
work versus child rearing, as well as about

123 Tndeed, to my knowledge the only paper that
attempts to do so is Keane and Wolpin (2001). That paper
is on labor supply and human capital investment decisions
of young men, who often have low participation rates.
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the timing of marriage and fertility.22! This
life-cycle perspective is already present in
Mincer (1962), Heckman and Willis (1977),
and Weiss and Gronau (1981).

In Mincer (1962), variation over time in
a woman’s market work hours stem from
her allocating work to periods when mar-
ket wages are high relative to the value of
home time. He hypothesized that, in a life-
cycle setting, a transitory change in hus-
band’s income (which has no effect on his
permanent income), should not affect a
woman’s labor supply decisions. But Mincer
(1962) presented some informal evidence
that women do work more if the husband
is unemployed, which he took as evidence
against a life-cycle model. Of course, alterna-
tive explanations are that leisure time of the
husband and wife are nonseparable in utility,
or that unemployed husbands may contrib-
ute to home production and/or child care.

7.1 Life-Cycle Models with a
Participation Margin

The modern literature on life-cycle models
of female labor supply begins with Heckman
and MaCurdy (1980, 1982). I focus on the
second paper, as it corrects an error in the
first. The approach is similar to MaCurdy
(1981), except they use the utility function

(105) Uy = OCHWICZ
+ ﬂit771<H1Tl&Y - h/l'f)’y
n<l v< L

Here o, and (3, are taste shifters and leisure
is given by L, = (H,, — h;). The authors
assume perfect foresight, so the marginal
utility of consumption evolves according to

124 Tn contrast, for males, marriage and children tend to
be modeled as exogenous taste shifters or as variables that
shift the budget constraint. T am not aware of any work on
males that treats them as choice variables.
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e = [p(1 + 1)]'Ay. Thus, if w, is the exog-
enously given time ¢ wage rate, the first order
condition for an interior solution for leisure is
the usual MRS condition (analogous to (22))

Uy _
(106) a—th = A\, wy

= ﬁitLiTl = [p(1 + n)]'Xywy.

Taking logs and rearranging, this gives the
Frisch demand function for leisure:

(107) InL; = ﬁ{ln wi +In Ay

+tIn[p(1+r)] —1In 5#}

Notice that the utility function (105) admits
of corner solutions, in contrast to equation (3)
that MaCurdy (1981) used for males. To deal
with corner solutions, Heckman and MaCurdy
(1980, 1982) note that a woman will choose
not to work if the marginal utility of leisure,
evaluated at zero hours of work, exceeds the
marginal value of working. That is, if

108
< ) 8th Li=Hmax

= Ay
= BHL > [p(1+ 0] Agw

Taking logs and rearranging, we can write
(108) as a reservation wage condition:

hy > 0 iff

Inw;, > —In X\,

(109)

— tIn[p(1 + r)]
+ In 3,
- (1 - 7)ln Hmax'

Notice that if the woman has a lower level of
lifetime wealth, and hence a higher value of
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i, her reservation wage is correspondingly
reduced.

To obtain an estimable model, Heckman
and MaCurdy (1980, 1982) next assume
functional forms for the taste shifter 8, and
the wage equation as follows:

(110a) In By = Zyud + My + ey
(110b) Inw;, = X, 0 + ny + €4

where Z;, and X, are vectors of observables
that shift tastes for work and labor produc-
tivity, respectively, 7,; and 1, are unobserved
individual fixed effects, and ¢;, and &y, are
transitory shocks to tastes and productivity.
Substituting (110) into (107) and (109), we
obtain reduced forms for (i) leisure condi-
tional on participation and (ii) the participa-
tion decision rule:

(111) L, = f, + X,,#”l
g ¢ hlpn],
v—1 v—1
S2it — Elit
+77_ 1
(112) hy > 0 iff
Eoit — E1it _f
y—1 <
0
Xit,y_ 1
_o
+ Ziy
In[p(1 + r)]
- T
v—1
+1n Hl'll‘(LX’!
where

(118) f; = Xy + my — m)
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Here f; is an individual specific fixed effect
which subsumes the marginal utility of
wealth term A\, as well as the individual
effects in tastes for work and productivity.

Under the assumptions of the model (i.e.,
perfect foresight, no borrowing constraints),
the fixed effect f; is time invariant. It captures
everything relevant from periods outside of
time ¢ for the woman’s labor supply decision
at time ¢. For example, in this model it is not
necessary to control for current or potential
future earnings of a married woman’s hus-
band explicitly because it is captured by A.
Consider a married woman whose husband
has a high income level. But at time ¢ he
becomes unemployed. This event will have
no affect on A, because by assumption it was
anticipated and should have already been
built in. The same argument applies to indi-
cators for unemployment or hours of work 2

While these assumptions seem extreme if
taken literally, it is not clear a priori they are
necessarily a bad approximation to reality,
or that they provide a worse approximation
than a static model in which women make
decisions based only on the current income
of the husband. For instance, consider a
woman whose husband is in a high wage
occupation that is also cyclically volatile. Is
it plausible she would substantially revise
her perceived lifetime wealth every time his
earnings drop in a recession, and alter her
labor supply plans as well?

To estimate the model, Heckman and
MaCurdy (1980, 1982) assume the stochastic
terms €, and €, are jointly normal and seri-
ally uncorrelated, and set H,,,, = 8760. They
then estimate the hours and participation
equations (111)—(112) jointly with the wage

125 Indeed, in principle in this model it is not even nec-
essary to control explicitly for whether a woman is married,
as the woman’s marriage history is also built into \,. For
instance, a single woman is assumed to anticipate the earn-
ings potential of any husband she will eventually marry.
Marriage can only enter the model because it shifts tastes
for work, not because it alters perceived lifetime wealth.
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equation (110b) by maximum likelihood.
The data consist of 30 to 65 year-old married
white women from the 196875 waves of the
PSID. 672 women meet the selection crite-
ria, but to estimate the fixed effects f; only
women who work at least once can be used,
leaving 4521201

The variables in the wage equation (Xj)
are “potential” experience (age-education-6)
and its square, and the local unemployment
rate. Time invariant covariates (like educa-
tion) cannot be included, as the wage equa-
tion contains a fixed effect.

The variables included as taste shifters (Z;,)
are number of children, children less than 6,
the wife’s age, and an indicator for if the
husband is retired or disabled. Motivated by
Mincer (1962), Heckman and MaCurdy also
include a measure of “other” family income
(i.e., income of the husband and other family
members), and the number of hours the hus-
band is unemployed. As noted earlier, tran-
sitory changes in the husband’s income or
employment should not affect the woman’s
labor supply decisions under the assump-
tions of the model. Thus, if these variables
show up as taste shifters, it may indicate mis-
specification, perhaps due to violation of the
perfect foresight or no borrowing constraint
assumptions.2® Or, as noted earlier, it may

126 If a woman never works, we can see from equation
(112) that the likelihood of her history is maximized by
sending f; to —oo. Heckman and MaCurdy (1980) report
results with and without adjusting the likelihood function
to account for this sample section criterion, but find it
makes little difference.

127 Age may capture the time variable in (111)-(112)
so that its coefficient is interpretable as an estimate of
In[p(1 + r)]/(y — 1). But it may also affect tastes for work
directly.

128 This is analogous to the literature on testing for
borrowing constraints by including current income in
consumption Euler equations. Of course, significance of
current income in the consumption Euler equation does
not necessarily imply the existence of borrowing con-
straints. It may also arise if leisure and consumption are not
separable, due to the fact that income is obviously highly
correlated with leisure.
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simply be that leisure of the husband and
wife are nonseparable.

Heckman and MaCurdy (1982) estimate ~y
= —1.44, which implies a Frisch elasticity of
leisure of 1/(y — 1) =—-0.41. Converting to a
Frisch labor supply elasticity, and noting that
mean hours worked in the sample is about
1,300, we have

Olnhy,  Olnh, OlnL,
Olnw,  OlnL, dlnw,
_ L 1 L
Hmax - Lit 1- vy hit

(0.41)

_ 7460 _
= 20 (041) = 2.35.

This is quite a large value compared to most
of the estimates we saw for men.

The other results are mostly standard.
Tastes for home time are increasing in num-
ber of children, especially children less than
6. Husband unemployment hours are mar-
ginally significant and negative. This may
suggest the presence of borrowing con-
straints or failure of the perfect foresight
assumption, or it may simply imply that hus-
band time at home increases the wife’s tastes
for work. The coefficient on other income is
quantitatively large, but only significant at
the 20 percent level. Heckman and MaCurdy
(1982) interpret these results as “less favor-
able toward the permanent income hypoth-
esis” than those in their 1980 paper.I2

129 As in MaCurdy (1981), Heckman and MaCurdy
(1980) conduct a second stage where they regress the fixed
effects on various determinants of lifetime wealth. Using
(110b) and (113), we can obtain (In \,; —7,). That is, the
marginal utility of wealth minus the fixed effect in tastes
for leisure. Heckman and MaCurdy (1980) find this com-
posite is reduced by wife’s education. We would expect
education to increase lifetime wealth, thus reducing X,
both by increasing own and potential husband’s earnings.
But the effect of education on tastes for leisure (n,) is an
empirical question. The result implies either that educa-
tion increases taste for leisure, or, if it reduces it, that this
effect is outweighed by the income effect.
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7.1.1 Accounting for Fixed Costs of Work—
Cogan (1981), Kimmel and Kniesner
(1998)

The Heckman and MaCurdy (1980,
1982) papers, as well as earlier work in a
static framework by Heckman (1974), have
been criticized because, while allowing for a
participation decision, they did not accom-
modate fixed costs of work. Within a static
model, Cogan (1981) showed that ignoring
fixed costs can lead to severe bias in esti-
mates of labor supply functions. To see the
problem, consider the simple quasi-linear
utility function

(H — )"+

(114) Tt

U=C+8

B \ B (H _ h>1+"y
= (wh+ N F)—i—ﬁ4l_’_7 ,
where N represents nonlabor income and F
represents fixed costs of working (e.g., child
care costs). The equation for optimal hours
conditional on working is simply

I )
oon(s)

In the absence of fixed costs, the reservation
wage would be obtained simply as

2=

(115)

116) h* > 0 = H—(ﬂ)ﬂ’>0
= w > BH’

However, as Cogan (1981) points out, it is
inappropriate to use marginal conditions to
derive the participation decision rule in the
presence of fixed costs. Instead, we must
compare the utilities conditional on working
and not working:
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[—

(117) UML) =

_ w vy
o= (6)

3 w.
LN F+1+V[(ﬂ)

_ B
U(0) = N + T

[H]

Now the decision rule for working is
U(h™) > U(0), which can be expressed as

)

1 B8
w 1+’Y

Fby w
H1+ [ 6)

2|

(118)

g~

+

X
——

1 +w}

It is instructive to compare (116), which
simply says the person works if desired hours
are positive (H — (w/3) )7 > 0), with (118),
which says a person only works if optimal
hours cross a positive threshold value hp,
which Cogan (1981) refers to as reservation
hours. Inspection of the right-hand side of
the inequality in (118) gives a good intuition
for what the threshold entails: optimal hours
conditional on working must be high enough
to cover fixed costs, plus an additional term
which equals the monetized value of the lost
utility from leisure.

Thus, with fixed costs, the labor supply
function is discontinuous, jumping from zero
to hi when the reservation wage is reached.
The specifications in Heckman (1974) and
Heckman and MaCurdy (1980, 1982) are
not consistent with such behavior. Another
key point is that both costs of working (F)
and tastes for work (/3) enter the participa-
tion equation, while only /3 enters the labor
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supply equation. Hence, it is possible that
a variable like young children may affect
fixed costs of work but not tastes for work.
Then, it would affect participation deci-
sions but not labor supply conditional on
participation.

To estimate labor supply behavior given
fixed costs, Cogan (1981) jointly estimates
a labor supply function as in (115), a res-
ervation hours function as in (118), and an
offer wage function. In contrast, Heckman’s
(1974) approach is to jointly estimate a labor
supply function (115), a participation equa-
tion based on marginal conditions as in (116),
and an offer wage function.

Cogan (1981) compares both approaches
using data on married women aged 30 to
34 from the 1967 National Longitudinal
Survey of Mature Women. In the sample,
898 wives worked and 939 did not. The
labor supply and reservation hours func-
tions both include the wife’s education and
age, number of young children, and hus-
band’s earnings. Cogan estimates that fixed
costs are substantial (about 28 percent of
average annual earnings), and that a young
child raises fixed costs by about a third.
He finds that ignoring fixed costs leads to
severe overestimates of labor supply elas-
ticities (conditional on work). Cogan’s labor
supply function implies a Marshallian elas-
ticity of 0.89 at the mean of the data, com-
pared to 2.45 when using the Heckman
(1974) approach. The Hicks elasticities are
0.93 versus 2.64.

Cogan also shows, however, that elasticities
can be misleading in this context. A 10 per-
cent increase in the offer wage to the average
nonworking woman would not induce her
to enter the labor market. But a 15 percent
increase would induce her to jump to over
1,327 hours. Then, an additional 15 percent
wage increase would “only” induce a further
increase of 180 hours, or 13.6 percent. [Note:
this is still a large increase, consistent with a
Marshallian elasticity of 13.6/15 = 0.90].
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An important aspect of Cogan (1981) is
that he pays close attention to how the model
fits the distribution of hours. This is unusual
in the static literature, as the focus tends to
be on estimating elasticities rather than sim-
ulating behavior.2) Cogan finds the model
without fixed costs cannot explain how few
people work at very low hours levels. Indeed,
it has to predict that many women do work at
low hours levels in order to also predict the
large fraction of women who do not work at
all. As Cogan describes, this leads to a flat-
tening of the labor supply curve, which exag-
gerates wage elasticities (see his figure 2).
The model with fixed costs provides a much
better fit to the data and does not have this
problem.

Kimmel and Kniesner (1998) extend the
Heckman and MaCurdy (1982) analysis to
include fixed costs. That is, they estimate
a labor supply equation analogous to (111)
jointly with a participation decision rule and
an offer wage function. We can write the sys-
tem as

(119) Inhy = fi; +eplnwy, + oy, 2 + ¢,

(120) Pl > 0) = F(fy, + Bl w, + 0y Z,).

Here (119) is a Frisch labor supply function.
The fixed effect f;; captures the marginal
utility of wealth, along with heterogeneity
in tastes for work. Equation (120) gives the
probability of participation and F is a cumu-
lative distribution function (which Kimmel
and Kniesner 1998 assume to be normal,

130 The only exceptions I have come across are van
Soest, Woittiez, and Kapteyn (1990) and Keane and Moffitt
(1998). Both papers note that it is rare to observe people
working very low levels of hours (the former paper looking
at men, the latter looking at single mothers). Van Soest,
Woittiez, and Kapteyn (1990) capture this by building in
a job offer distribution where few jobs with low levels of
hours are available. Keane and Moffitt (1998) build in
actual measures of fixed costs of working (e.g., estimates
of child care costs).
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giving a probit). The fixed effect f,; captures
not just the marginal utility of wealth and
tastes for work, but also individual heteroge-
neity in fixed costs of work.

Following Cogan (1981), the existence of
fixed costs breaks the tight link between the
parameters in the participation and labor
supply equations that we saw in (111)—(112).
Thus, there is no necessary relationship
between the parameters ey and «y, in (119)
and 3 and @, in (120). In this framework, ey
is the conventional Frisch elasticity of labor
supply conditional on employment. But we
now introduce a Frisch participation elastic-

ity given by

_ OlnP(hy > 0)
N Oln w;

F()

(121) ep o8

=p

Kimmel and Kniesner (1998) estimate this
model using data on 2,428 women from the
Survey of Income Program Participation
(SIPP), 68 percent of them married. Tri-
annual interview information was collected
in May 1983 to April 1986, giving nine peri-
ods of data. The variables included in Z,
are marital status, children, education, and
a quadratic in time. The model is estimated
in two stages. In stage one, wages are pre-
dicted for workers and nonworkers using
Heckman’s (1976) two-step procedure. The
use of predicted wages serves three pur-
poses: (i) to deal with measurement error, (ii)
to fill in missing wages, and (iii) to deal with
possible endogeneity of wages (which would
arise, e.g., if women with high unobserved
tastes for work tend to have high wages).
Variables that appear in the wage equation
but not in Z; are race and a quadratic in age
(potential experience). In stage two, they
estimate (119)—(120).

The estimates imply a Frisch elasticity of
0.66 for employed women, and a Frisch par-
ticipation elasticity of 2.39. Average hours for
the entire population are given by h = Ph,
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where h,is average hours of the employed and
P is the percentage employed. Thus we have

5111 P 8111 Ec
Olnw Olnw

= 0.66 + 2.39 = 3.05.

dln h
Olnw

Kimmel and Kniesner (1998) also obtain
results for men, and find ey =0.39 and
ep=0.86 so that e¢; + e¢p = 1.25. Thus, the
results suggest that: (i) the participation elas-
ticity is much larger than the hours elasticity
for both women and men, and (ii) the overall
elasticity is quite a bit larger for women than
men (although the 1.25 value for men is still
larger than most results in fable 6). These
results provide some justification for models
of female labor supply that focus primarily
on the participation decision (see below).

7.1.2 Accounting for Human Capital—
Altug and Miller (1998)

Altug and Miller (1998) occupies a position
in the female labor supply literature analo-
gous to the paper by Shaw (1989) in the male
literature. That is, they extend the life-cycle
model of Heckman and MaCurdy (1980,
1982) to include human capital accumulation
(i.e., learning-by-doing). But they also incor-
porate fixed costs of work, state dependence
in tastes for leisure, and aggregate shocks.
Thus, they combine ideas from Heckman and
MaCurdy (1980, 1982), Shaw (1989), Cogan
(1981), and Altug and Miller (1990).

As in Shaw (1989), the first step in Altug
and Miller (1998) is to estimate how wages
depend on work experience. They specify a
wage function of the form

(122) @, = w,v,v(Zy) exp(ey,)
= Ino, = Inw,+Iny,+Inv(Z,) + ¢,

Here Z, is a vector containing work experi-
ence and other characteristics of person i at



1052

time ¢. y(Z,) is a function mapping Z;, into
skill. v is the time-invariant skill endowment
of person i. w; is a skill rental price (deter-
mined in equilibrium). A key assumption is
that €, is purely measurement error. If (122)
is expressed as a log wage equation, the
Iny; are individual fixed effects while the In
w, are time dummies. Given that ¢, is mea-
surement error, no selection bias problem
arises if we estimate (122) by OLS, provided
we include fixed effects.>!

Altug and Miller (1998) estimate (122)
using PSID data from 1967 to 1985. They
require that women be in a PSID household
for at least 6 consecutive years and that they
be employed for at least two years (so that
the fixed effects In v, can be estimated). This
gives a sample of 2,169 women. The data
from 1967 to 1974 is used to form indicators
of lagged participation and lagged hours,
while 1975 to 1985 is used for estimation.

The estimates imply that labor market
experience, particularly recent experience,
has a large effect on current wages. For
instance, a person who worked the average
level of hours for the past four years would
have current offer wages about 25 percent
higher than someone who had not worked.
Interestingly, the lagged participation coef-
ficients are negative while lagged hours coef-
ficients are positive. The implication is that
low levels of hours do not increase human
capital: one has to work about 500 to 1,000
hours to avoid depreciation of skill.

The time dummies from (122) are esti-
mates of the rental price of skill. This falls
in the recession years of 1975 and 1980-82,
while rising in 1977, 1983, and 1985. Thus, the

131 Altug and Miller (1998) actually estimate the wage
equation in first differences, and use GMM to gain effi-
ciency by accounting for serial correlation in the errors.
They note Thomas A. Mroz (1987) found selection correc-
tions have little impact on estimates of fixed effects wage
equations for women. Similarly, Keane (1993a) found
selection corrections have little impact on estimates of
fixed effects occupational wage equations for males.
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wage is pro-cyclical. Average wages among
all women in the sample are slightly more
pro-cyclical than the estimated rental rates.
This suggests a compositional effect whereby
people with high In v; tend to enter during
booms. This is consistent with the mild pro-
cyclical bias in aggregate wage measures for
males found by Keane, Moffitt, and Runkle
(1988).

Altug and Miller (1998) assume a current
period utility function of the form

(123) U, = o, n ' C1
+ di{Uy(X) + Uy(Zy, hy) + €1}
+ (1 —dyey

The first term is a CRRA in consumption. d;,
is an indicator for positive hours, U(-) is the
fixed cost of work and U,(-) is the disutility
of labor. X, is a vector of demographics that
shift tastes for leisure and fixed costs of work.
Z,, includes X;; along with lagged labor sup-
ply decisions that are allowed to shift tastes
for leisure. €,;, and ¢, are stochastic shocks
to tastes for the work and nonwork options,
respectively. These may be interpreted as
shocks to the fixed cost of work and the value
of home time. Additive separability and the
distributional assumptions on e;; and ¢,
play a key role in the estimation procedure,
as we'll see below.

As in Altug and Miller (1990), the
authors assume that there is no idiosyn-
cratic risk. So, using (69), we obtain the fol-
lowing expression for the marginal utility of
consumption

(124) a, Cirt = N = ),

= InC, = rll{ln n+1In A, —In oy}

Again, the )\, are aggregate shocks and the 7,
capture a person’s (time-invariant) position
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in the wealth distribution.2 To obtain an
estimable equation let In oy =X, 5+ €
where X;, and ¢, are observed and unob-
served (exogenous) taste shifters for con-
sumption. Then (124) is estimated by fixed
effects. Altug and Miller include household
size, age, children and region in X;, and
the aggregate shocks are estimated as time
dummies. The equation is estimated on the
same PSID sample as above (recall that the
PSID contains only food consumption). As
we would expect, the estimated values of \,
are high in the recession years of 1975 and
1980-82.

In the final step, Altug and Miller (1998)
estimate the first order condition for hours
jointly with a participation condition that
allows for fixed costs of work. As in Shaw
(1989), the FOC for hours is complex because
the marginal utility of leisure is not simply
equated to the current wage times the mar-
ginal utility of consumption. An additional
term arises because working today increases
future wages and alters future disutilities from
work. I'll refer to this term as the “expected
future return to experience.” The situation
here is more complex than in Shaw (1989)
because of nonparticipation—i.e., work today
may increase probabilities of future partici-
pation (an effect not present in Shaw (1989),
where men work with probability one). Altug
and Miller handle this problem using the
Hotz and Miller (1993) algorithm.

First, given estimates of (122) and (124),
we can back out estimates of the individual
effects v; and 7). Second, use nonparametric
regression to estimate participation prob-
abilities conditional on the state variables v,
and 7,, work history, and demographics (age,
education, marital status, race, children, age,
and region). Denote these estimates p1;(S;)

132 Alternatively, in a social planner’s problem, 7 is the
inverse of the social planner’s weight on person i.
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where S, is the vector of state variables.I3
Third, assume the €,; and &y, in (123) are
iid extreme value, and that they are the only
source of randomness in current period
payoffs from working versus not working.
Given this, the differences in expected val-
ues of working versus not working are simply
Vit (Sie) — Viul(Sye) = ln[Plit(Sit>/(1 - Plit(Sit))],
so the value functions at any state can be
backed out from the conditional choice
probabilities calculated in step 2 . This allows
one to express the “expected future return to
experience” as a simple function of the con-
ditional participation probabilities (and their
derivatives with respect to h;,). 14

It is important to see what is ruled out here.
There can be (i) no stochastic variation in the
marginal utility of leisure and (ii) no individ-
ual level productivity shocks affecting wages.
Such additional sources of randomness would
preclude obtaining simple expressions for the
expected future return to experience. And
consumption and leisure must be separable
in utility, so the stochastic term in tastes for
consumption does not influence labor supply
decisions. Thus, the extreme value error and
additive separability assumptions are crucial.

In this final estimation step, the param-
eters to be estimated describe the fixed
costs of work Uy(X;,) and the disutility of
labor Uy(Z;, h;,). Unfortunately, the results
are problematic. The estimated U,(Z;, h;)
is convex in hours, so the estimated first
order condition implies no interior solution.

133 1t is important not to include the aggregate prices
A, and w, in these regressions. Agents are assumed not to
know future realizations of these prices, and so cannot con-
dition on them when forming expected future payoffs.

134 Specifically, the “return to experience” term can
be written as a function of differences in the expected
values of working versus not working in future states,
Vi (Siu) = Vou(Si), as well as probabilities of working in
future states, py;(Sy), and their derivatives with respect
to current hours. See Altug and Miller (1998) equations
6.8 and 6.9, which give the final simple expressions for the
labor supply and participation equations. [And notice how
the idea here is similar to that in equation (89).]
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And the fixed costs are very imprecisely esti-
mated. These results may stem in part from
the restrictiveness of the assumption of no
stochastic variation in tastes for work.

7.2 The “Life-Cycle Consistent” Approach—
Blundell, Duncan, and Meghir (1998)

So far T have discussed approaches that
involve estimating the MRS condition for opti-
mal hours. I now turn to the “life-cycle con-
sistent” approach, where one estimates labor
supply equations that condition on the full
income allocated to a period (MaCurdy 1983
method #2). Recall that Blundell and Walker
(1986) estimated a life-cycle consistent model
of labor supply of married couples. They use
data on couples where both the husband and
wife work, and estimation is done jointly with
a probit for whether the wife works (to control
for selection into the sample). In section 6.2.1,
I discussed their results for men, and here I
turn to their results for women. In sharp con-
trast to Heckman and MaCurdy (1982) and
Kimmel and Kniesner (1998), they obtain an
(average) Frisch elasticity for women of only
0.033. The Hicks elasticity is 0.009. Based on
the figures in their paper, I calculate an income
effect of —0.206 (at the mean of the data) and
a Marshallian elasticity of ~0.197. (Limitations
of this paper, especially treating consumption
as exogenous, were discussed earlier).

More recently, Blundell, Duncan, and
Meghir (1998) applied the life-cycle con-
sistent approach to married women in the
FES from 1978-92. U .K. tax rates fell sub-
stantially over the period, and the basic idea
of the paper is to exploit this variation to
help identify labor supply elasticities. As the
authors describe, the decline in rates caused
different cohorts to face different tax rate
paths. Relative wages for different education
groups also changed markedly.

The basic idea of the paper is as follows:
Imagine grouping the data by cohort and
education—i.e., for each cohort/education
level, construct group means of hours and
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wages in each year. Then subtract group
and time means from these quantities. The
key assumption in Blundell, Duncan, and
Meghir (1998) is that any residual variation
in wages (after taking out group and time
means) is exogenous. Their leading example
of what might cause such residual variation
in wages for a group is tax changes that affect
it differentially from other groups. (Another
example is exogenous technical change that
affects groups differently.) Their key assump-
tion rules out labor supply shifts within any
of the groups over time (e.g., tastes for lei-
sure can vary by cohort or education, but not
within an education/cohort group over time).

They also assume that taking out time means
purges both hours and wages of all groups
from the influence of aggregate shocks. This
seems like a strong assumption, as time affects
(like the business cycle) may well affect differ-
ent education/skill groups differently. In this
regard, see the earlier discussion of Angrist
(1991) and Altug and Miller (1990).

The simplest way to think about using the
grouped data is to regress the group mean
of hours on the group mean of wages, after
purging these means of group and time
effects. An equivalent approach is to use the
individual data and proceed in two steps.
First, regress after-tax wages on time/group
interaction dummies, and obtain the residu-
als. Second, regress hours on the after-tax
wage, time and group dummies, and the
wage residual. Note: we want the wage coef-
ficient to be identified by wage variation by
group over time. The wage residual captures
other sources of variation, as the first stage
controls for time/group interactions.>

135 An alternative computational approach to taking out
group and time means is to regress the group mean of hours
on the group mean of wages and a complete set of time and
group dummies. Then the wage effect is identified purely
from the wage variation not explained by aggregate time or
group effects. The advantage of the more involved two-step
procedure is that the coefficient on the residual provides a
test of exogeneity of wages.
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The authors also try to deal with the com-
positional effects of changes in participation
rates on the mean of the error term in the
labor supply equation (e.g., a higher wage
may induce women with higher tastes for
leisure to enter the market). So they include
an inverse Mills ratio term that is a function
of the group/time participation rate, M(P,,).
The labor supply equation that Blundell,
Duncan, and Meghir (1998) actually esti-
mate has the form:

(125) hy = Blnw,(1 —7,)

=+ ’Y[Cit —wy(1 — Tit>hit] + Xy

+ dg + d[ + 51[; Rwit + 60 Rci[
+ M<ng> + Cit-

The second term is virtual nonlabor income
allocated to period ¢ (see discussion of
MaCurdy 1983 method #2). X, is a vector of
demographics (i.e., dummies for children in
various age ranges). d, and d, are the group
and time dummies. R,;, and R,; are residu-
als from first stage regressions of wages and
virtual income on group/time interactions.
And M (Pg[) is a Mills ratio to control for par-
ticipation rates. Estimation of (125) is by
OLS. But, with the inclusion of R,,;; and R,
the procedure is equivalent to IV, with the
group/time interactions as overidentifying
instruments. B! The identifying assumption
is that the main equation (125) does not con-
tain group/time interactions (e.g., no group
specific trends in tastes for work).

136 As I noted earlier, Blundell and Walker (1986)
treated virtual income as exogenous. I questioned this
on the grounds that, in the first stage of the two stage
budgeting process, we might expect households to allo-
cate more virtual income to periods when tastes for work
are low. I should note, however, that Blundell, Duncan,
and Meghir (1998) find that R is insignificant in (125),
suggesting that endogeneity of virtual income may not be
a problem.
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To implement this procedure Blundell,
Duncan, and Meghir (1998) group the FES
into two education groups (legal minimum
versus additional education) and four cohorts
(people born in 1930-39, 194049, 1950-59
and 1960-69), giving eight groups. They
screen the data to include only 20 to 50 year
old women with employed husbands. This
gives 24,626 women of whom 16,781 work.
Only workers are used to estimate (125) while
the full sample is used to form the M(Pgt).
One detail is that 2,970 of these women are
within a few hours of a kink point in the tax
schedule. Blundell, Duncan, and Meghir
drop these women from the data and con-
struct additional Mills ratio terms to deal
with the selection bias this creates. In the first
stage, they find the group/time interactions
are highly significant in the wage and virtual
income equations.

The estimates of (125) imply an uncompen-
sated wage elasticity at the mean of the data of
0.17 and a compensated elasticity of 0.20. In
a sensitivity test, the Blundell, Duncan, and
Meghir also report results where, in the first
stage, the overidentifying instruments are five
parameters that describe the tax rules inter-
acted with group dummies. This reduces the
number of instruments relative to the case
where the group dummies were fully inter-
acted with time dummies. It also means that
only variation in wages and virtual income
specifically induced by tax changes is used
to identify the labor supply elasticities. The
estimates give an uncompensated elasticity
of 0.18 and an essentially zero income effect.
Thus, results are little affected.

7.3 “Approximate Reduced Form™
Approach (Fertility)—Moffutt (1984)

The paper by Moffitt (1984) departs from
those reviewed so far in three key ways. First,
it focuses only on the discrete participation
decision, ignoring choice of hours. Second,
it treats work and fertility choices as being
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made jointly, rather than treating fertility as
exogenous. Third, wages are endogenous in
that they depend on work experience. 1984
technology would have made fully structural
estimation of such a complex model infea-
sible. Instead, Moffitt estimates an “approxi-
mate reduced form” of the structure outlined
above. Thus, his work forms a link to the “full
solution” approaches that I discuss in the next
section.

At the beginning of marriage, a couple
plans the future path of the wife’s labor
supply and fertility. The husband’s income
stream, along with other sources of nonlabor
income, is taken as exogenous (perfect fore-
sight). The woman’s labor supply and fertil-
ity plans depend on this exogenous nonlabor
income stream (Y), along with her “perma-
nent wage” or “skill endowment,” denoted
wy;, which she also knows with certainty.
Let Inwy, =7Z;n+ p,, where Z; is a vec-
tor of observed determinants of initial skill
(e.g., education, race, parent education) for
woman i, and f,,; is the unobserved part of
the skill endowment. The structural model
generates the following approximate deci-
sion rules for fertility (B;,) and work (S;,)

By = ay + a, f(t) + asInwy;

+ a3Y; + a4 X; + a5B;,,

+ /1'31' + uz’t
S:; - b() + b1f<t> + b2 ln U)Ti

+ b3 Yl' + b4 Xj + bS Bi,t—l

T Hg Uy
The woman chooses to have achildif the latent
variable B}, > 0, and to work if S}, > 0. The
parameters a, and b, determine how a wom-
an’s skill endowment affects her probabilities

of having children and working, respectively.
Similarly, a3 and b determine the influence
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of the present value of exogenous nonlabor
income. Variables in X; affect tastes for fertil-
ity/work (i.e., education, race, birth cohort).
a; and b, capture effects of marriage dura-
tion. Parameters a, and b, will capture fixed
costs of work/fertility. Lagged births (B, ;)
affect current tastes and/or fixed costs (but
lagged work does not). Finally, pp and pg
are permanent unobserved heterogeneity in
tastes/fixed costs of fertility/work, while wu;
and vy, are transitory shocks.

A key point is that the skill endowment
In w3; is not observed. Thus, Moffitt (1984)
infers it from observed wages, using the
wage function

-1
hw, = hwi+v>.S,—6t—1)+¢,

=1
t—1
= Inw, = Zn+v) S, —dt—1)

=1

t M +

Here y captures the effect of work experience
and ¢ captures skill depreciation. The term
£, is a stochastic shock to wages. Substituting
the wage equation into the Bj, and S;; equa-
tions, we obtain the reduced form

By = ay + a, f(t) + as(Z;n)

+ a3Y, + ayX; + a5 B;,

+ (ag py; + g+ wy)
Si = by + by f(t) + by(Z;n)

+ byY; + by X; + bsB;,

+ by pyy + 1 + vy
Two key points are essential to note here.
First, the transitory wage error ¢, is not
included in these reduced form decision rules

(Furthermore, u; and v;, are assumed uncor-
related with g;). This can be rationalized
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in two ways: either (i) ¢, represents only
measurement error, or (ii) work decisions
are made before transitory wage draws are
revealed. Either way, this means the results
will not be informative about effects of tran-
sitory wage changes on labor supply.

Second, identification of permanent wage
effects on labor supply/fertility (b, and
a,) requires Z; to contain at least one vari-
able that does not affect tastes (X;). Playing
this role are parent education and year-of-
marriage, the latter to capture productivity
growth over time. 37

Moffitt (1984) estimates the wage equa-
tion jointly with the reduced form decision
rules for fertility and work via maximum like-
lihood (assuming errors are normal). Note
that the unobserved skill endowments p,,;,
which are treated as random effects, enter
all three equations. Thus, joint estimation
corrects for (i) selection bias and (ii) endoge-
neity of work experience in the wage equa-
tion, both of which arise because those with
higher 4,; are more likely to work (accumu-
lating more work experience) and to have
observed wages. I

Moffitt estimates the model using mar-
ried women from the NLS Young Women
sample who were 14-24 in 1968. The sam-
ple covers the years 1968-75. Simulations
of his estimated model imply that the long
run (uncompensated) elasticity of life-cycle
labor supply with respect to a permanent
wage increase is 1.25. The elasticity of fertil-
ity is —0.25. It is important to note that the

137 Note that cohort enters X; while year-of-marriage
enters Z;. This restriction is debatable—it seems at least as
natural to use birth cohort to capture productivity change
as year-of-marriage. Also, the two variables are presumably
highly correlated. Thus, T expect it is the parent education
variables that primarily identify a, and b,.

138 This approach is only valid if the transitory wage
errors do not influence labor supply decisions. Otherwise
it would be necessary to also accommodate correlation
between ¢, and u; and v,. The only two correlations
allowed are between pup and jig; and between u;, and v,
—the errors in the fertility and work equations.
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labor supply elasticity reported here differs
from those reported earlier: it is a “long run”
response that accounts for how the wage
change alters fertility. This key point will
come into play in many of the models dis-
cussed in the next section.

7.4 Female Labor Supply—Full Solution
Structural Methods

7.4.1 Participation and Human Capital—
Eckstein and Wolpin (1989)

The first paper to adopt a full solution
approach to modeling female labor supply
was Eckstein and Wolpin (1989). Indeed, it
is the first paper to model labor supply of
any group using a discrete choice dynamic
programming (DCDP) approach (provided
we maintain a distinction between labor sup-
ply models and job search models such as
Wolpin 1987). The paper looks at work deci-
sions by married women in the NLS Mature
Women’s cohort.

The main focus of the paper is on how
the decision to work today affects wages and
tastes for work in the future. Thus, it consid-
ers three of the four issues that I stated at
the outset were central to the female labor
supply literature: (i) participation decisions
and how they are influenced by fixed costs,
(i) human capital, and (iii) state dependence
in tastes for work.”2¥ In order to make esti-
mation feasible (particularly given 1989
technology), Eckstein and Wolpin (1989)
make some key simplifying assumptions.
First, they ignore saving and assume a static
budget constraint. Second, they ignore the
choice of hours of work and treat labor sup-
ply as a discrete work/no-work decision.

This set of decisions is notable, as it illus-
trates well the different paths the male and
female life-cycle labor supply literatures have

139 The fourth issue, which is not yet addressed here, is
the attempt to treat marriage and fertility as endogenous.
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taken. The literature on males has empha-
sized decisions about hours and savings,
which Eckstein and Wolpin (1989) ignore.
But work on males has usually ignored par-
ticipation, human capital, and state depen-
dence, which Eckstein and Wolpin stress.
This is not a value judgment on either litera-
ture, but simply an observation about what
aspects of behavior researchers have found
it most essential to model in each case. The
emphasis on participation, human capi-
tal, and state dependence explains why the
female literature came to use DCDP meth-
ods several years earlier than the male litera-
ture, as these features are difficult to handle
using Euler equation methods.

A third key simplifying assumption is that
Eckstein and Wolpin do not model marriage
or fertility. To avoid having to model fertil-
ity decisions, the paper looks only at women
who were at least 39 years old in 1967 (and
so for the most part past child bearing age).
The number of children affects fixed costs
of work, but it is treated as predetermined.
And marriage is taken as exogenously given.
Including marriage and fertility as additional
choice variables would not have been fea-
sible given 1989 technology. But, as we’ll
see, incorporating them as choice variables
has been the main thrust of the subsequent
literature.

Eckstein and Wolpin (1989) assume a util-
ity function of the form:

(126) U = Ct T oop, + o Ctpt

+ a3 X;p, + N, p, + a55,p,

Here p, is an indicator of labor force partici-
pation, X, is work experience (a sum of lagged
py), N, is a vector of children in different age
ranges, and S, is schooling. The budget con-
straint is

(127) C, = wp, + Y' — ¢N, — bp,,
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where w, now stands for the potential earn-
ings of the wife and Y is the annual income
of the husband (assumed exogenous). That
utility is linear in consumption has some
important consequences. First, substitution
of (127) into (126) makes clear that we can-
not separately identify fixed costs of work b
and monetary costs of children ¢ from the
disutility of work «; or effects of children
on the disutility of work ay. So Eckstein and
Wolpin normalize b = ¢ = 0.

The second implication is that the model
will not exhibit income effects on labor sup-
ply unless consumption and participation
interact in (126). For instance, if a, =0
then husband’s income will have no impact
on the wife’s labor supply. But a clear pat-
tern in the data is that women with higher
income husbands work less (see, e.g., Mincer
1962). For the model to capture this, it must
have a, < 0. This implies consumption and
leisure are compliments in utility. This illus-
trates a limitation of the model, as a nega-
tive income effect and consumption/leisure
complimentarity are conceptually distinct
phenomena.

Eckstein and Wolpin (1989) assume a
Mincer-type log earnings function (linear in
schooling, quadratic in work experience), with
both a stochastic productivity shock and mea-
surement error. These are the only stochastic
terms in the model, as there are no shocks to
tastes for work. This simplifies the solution to
the dynamic programming problem, which
takes the form of a set of reservation wages
(which are a deterministic function of age,
experience and other state variables).! The

140 Annual earnings if the woman works are assumed to
equal 2,000 times the hourly wage rate, regardless of how
many hours the woman actually works. This is necessitated
by the 1/0 nature of the work decision.

141 Eckstein and Wolpin (1989) also assume that hus-
band earnings is a deterministic function of husband age, a
fixed effect, and a schooling/age interaction. If there were
taste shocks or shocks to husband earnings they would have
to be integrated out in solving the DP problem.
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decision rule for participation is to work if
the offer wage exceeds the reservation wage.
Measurement error accounts for cases where
women are observed to make decisions that
violate this condition.

Eckstein and Wolpin estimate the model
by maximum likelihood using data on
318 white married women from the NLS
Mature Women cohort. The NLS inter-
viewed them only eleven times in sixteen
years from 1967-82, so in some cases it was
difficult to construct complete work histo-
ries. To be in the sample a woman had to
have at least four consecutive valid years
of data on employment, and have a spouse
present in every interview. The data set
contained 3,020 total observations, 53 per-
cent for working years. The discount factor
is fixed at 0.952.

One interesting aspect of the estimates is
they show substantial selection bias in OLS
wage equation estimates. The OLS schooling
coefficient is 0.08 while the model estimate
is 0.05. The experience profile is initially
less steep but also less strongly concave than
implied by OLS. The estimates imply that 85
percent of observed wage variation is mea-
surement error.'2

As expected, Eckstein and Wolpin find
that children (especially young children)
have a negative effect on tastes for work.
State dependence is imprecisely estimated,
but it implies experience reduces tastes for
work. Schooling reduces tastes for work as
well. However, both effects are heavily out-
weighed by positive effects of experience
and schooling on wages.

142 Note that the measurement error in wages cannot
be estimated using wage data alone in the absence of mul-
tiple measures. But joint estimation of a wage equation and
a labor supply model does allow measurement error to be
estimated, as true wage variation affects behavior while
measurement error does not. Of course, any estimate of
the extent of measurement error so obtained will be con-
tingent on the behavioral model.
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Eckstein and Wolpin also find «, < 0, so
husband income reduces the wife’s work.
Consider a woman at age 39 with fifteen
years of work experience, twelve years of
schooling, no children and a husband with
$10,000 in annual earnings (which is close to
the mean in the data). The baseline predic-
tion of the model is that she will work 5.9
years out of the 21 years through age 59, or 28
percent of the time. If his earnings increase
50 percent, the model predicts her participa-
tion rate will drop to 14 percent, a 50 percent
decrease. So the elasticity of the participa-
tion rate with respect to nonlabor income is
roughly —1.0. Converting this to an income
effect, and noting that the mean wage in
the data is $2.27 per hour and that work is
assumed to be 2,000 hours per year, we obtain
ie = (wh/Ie; = [(2.27)(2000)/10,000](-1)
=-045.

Unfortunately, Eckstein and Wolpin do
not simulate how an exogenous change in
the wage rate (due to a shift in the rental rate
or tax rate) affects labor supply. However,
as schooling is exogenous, and the effect of
school on tastes for work is very small, we
can approximate this using the schooling
coefficient. Consider the same representa-
tive woman described above, and assume
her education level is increased from twelve
to sixteen. An extra four years of schooling
raises the wage rate roughly 22 percent at
the mean of the data. The Eckstein—-Wolpin
model predicts this will increase her partici-
pation rate from age 39 to 59 by 108 percent.
Thus, the (uncompensated) elasticity of the
participation rate with respect to the wage is
roughly 5.0.

Finally, Eckstein and Wolpin (1989) report
a detailed description of how their model fits
labor force participation rates, conditional
on twenty-eight experience/age cells (see
their table 5). In general the model provides
a very good fit to the data. As I noted earlier,
there are very few papers in the static liter-
ature, or the literature on dynamic models
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based on first order conditions, that examine
model fit.™ In contrast, as we will see below,
since Eckstein and Wolpin (1989), careful
examination of model fit has become stan-
dard practice in the DCDP literature. This
situation has presumably arisen because the
focus of the former literatures is estimation
of parameters or elasticities, while the focus
of the DCDP literature is on model simula-
tions under baseline versus policy change
scenarios. And it is only natural to compare
baseline simulations to the actual data. But
clearly it should be standard practice to
assess model fit in all econometric models
(including static models, reduced form mod-
els, etc.).

7.4.2 Extensions to Make Marriage and
Fertility Endogenous

The next paper in the DCDP literature
on female labor supply did not appear until
Wilbert van der Klaauw (1996). He extends
Eckstein and Wolpin (1989) to make mar-
riage a choice. Thus women have up to four
options in each period—the cross product
of work and marriage choices. Also, van der
Klaauw models decisions starting from when
a woman left school, which may be as young
as 14. So obviously he cannot treat fertility as
given. Thus, he models arrival of children as
a stochastic process, where arrival probabili-
ties depend on state variables (marital status,
age, race, and education). This is common
practice in DCDP modeling—i.e., to take
variables one believes are endogenous, but
which one does not wish to model explic-
itly as a choice (either for computational
reasons or because they are not the focus of
the analysis), and treat them as generated by

143 As noted earlier, the only exceptions I have found in
the static literature are Cogan (1981), van Soest, Woittiez,
and Kapteyn (1990) and Keane and Moffitt (1998). In the
literature on dynamic models based on first order condi-
tions, it is not possible to examine model fit, as one cannot
simulate data from the model.
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a stochastic process that depends on state
variables, 1!

The model is in many other ways similar to
Eckstein and Wolpin (1989). There is a static
budget constraint, with utility linear in con-
sumption. Consumption is again interacted
with participation, to enable the model to
explain why women with high income hus-
bands work less. Specifically, utility condi-
tional on participation and marriage (p,, m,)
is given by

<]~28) Upm,l,‘ = aymy + <a2t + as 1nt) pt
+ <ﬂl + 62 pt + 53 mt>Cpm,t
+ 5])111,1.

Note that tastes for marriage a,, are allowed
to depend on demographics, children, and
lagged marriage. Marriage (m,) is also inter-
acted with consumption, so it can shift the
marginal utility of consumption. The effects
of demographics, children, and lagged par-
ticipation on tastes for work are captured by
letting ay, and a3, depend on these variables.

Recall that in Eckstein and Wolpin (1989)
a woman got utility from total household
consumption. Here, she consumes her own
income plus a fraction of the husband’s
income (depending on her work status), so
she gets utility from private consumption. A
single woman has a probability of receiving
a marriage offer each year. A potential hus-
band is characterized only by his mean wage,
which depends on the woman’s character-
istics (reflecting marriage market equilib-
rium), a transitory wage draw, and transitory
shocks to utility of the married states (i.e.,
€,m for m = 1). The latter capture any non-

pm,t
pecuniary aspects of the marriage offer.

144 This procedure does have limitations. For instance,
in this model, an exceptionally good wage draw for the
woman (or an exceptionally bad wage draw for her hus-
band) could not induce a woman to delay childbearing.
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It is worth noting that this is only a search
model of marriage in a trivial sense. There
is no match-specific component to the mar-
riage; a husband does not come with a per-
manent component to his earnings level,
which could make him a “good draw” given
a woman’s demographics. Nor is there any
permanent component to the utility level he
provides. Thus, a woman has no reason to
decline a marriage offer in the hope of a bet-
ter one. Her only reasons for delay are (i) the
mean of the husband income distribution is
increasing with a woman’s age, and (ii) tran-
sitory aspects of offers vary over time. This
setup substantially reduces the computational
burden of estimation, as there is no “husband
type” variable that must be included in the
state space. But at the same time it renders
the model rather uninformative for assessing
the effect of permanent differences in hus-
band income on the wife’s labor supply, as all
permanent differences are a deterministic
function of the wife’s own characteristics.

The woman’s own wage offer function
includes standard covariates like education,
a quadratic in experience, race, age, and
region. It also includes a lagged participation
indicator, which lets more recent work expe-
rience be more important (see Altug and
Miller 1998). An unusual aspect of the speci-
fication, however, is that it is specified in lev-
els, with an additive error. This is also true
of the husband’s wage function. Given this
setup, when these functions are substituted
into the budget constraint to get the choice
(p» my)-specific consumption level, C,,,,,
and this in turn is substituted into the utility
function (128), each of the four alternatives
has an additive error that consists of the ¢,,,,
plus a function of the female and male wage
equations errors. I'll denote these four com-
posite errors as e, forp =0,1,m=0,1.

The key computationally aspect of van der
Klaauw (1996), which enabled him to handle
making marriage a choice, is that he assumes
the four additive choice-specific errors are
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iid extreme value. This lets him adopt Rust’s
(1987) closed form solution method, which
makes solving the DP problem and form-
ing choice probabilities much faster. The
extreme value assumption is hard to evalu-
ate. There is much evidence suggesting wage
errors are approximately log normal. But we
have little to go on when choosing a distribu-
tion for taste shocks, let alone sums of taste
and wage shocks. What does appear very
strong is the within period iid assumption:
Thee,,, forp = 0,1andm = 1 contain com-
mon taste for marriage and husband income
draws, and the e,,,, for m = 0,1 and p = 1
contain common shocks to the wife’s wage
and tastes for work. So we would expect the
four errors to be correlated ™

The model is estimated on PSID data
from 1968 to 1985. The sample includes
548 females aged 12 to 19 in 1968, so com-
plete work and marital histories can be con-
structed. They are 29 to 36 by the end of
the sample period. The terminal age is set
at 45 to reduce computational burden. As
the discount factor is set at 0.85, this may be
innocuous. ™ Tt is assumed that p, = 1 if the
woman worked at least 775 hours in a year,
but, as in Eckstein and Wolpin (1989), the
work choice is assumed to entail 2,000 hours
regardless of actual hours. This approxima-
tion is necessitated by the discrete nature of
the work decision.

The model is estimated in stages. In the
first stage, the “reduced form” model (with
the wage equations substituted into (128))
is estimated via Rust’s (1987) method. In
the second stage, the wage equations are
estimated using employment and marriage
decision rules from the reduced form model
to implement a selection correction. In the

145 An idea that might prove useful here is the gener-
alized extreme value distribution (see Peter Arcidiacono
2005).

146 E.g., if a person leaves school at age 22, then the
number of periods is 45 — 22 = 23 and (0.85)% = 0.024.
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third stage, a minimum distance estima-
tor (see Gary Chamberlain 1984) is used
to uncover the structural parameters. All
reported model simulations are for the
“reduced form” model.

The utility function estimates imply that
children reduce the utility from participa-
tion while lagged work increases it. The
wage equation estimates are a bit difficult
to compare to prior literature as they are in
levels. For instance, they imply that a year
of schooling raises a woman’s earnings by
$1,379 per year. As mean earnings in the
data are $13,698 per year, this is roughly
10 percent at the mean of the data. A year
of schooling also raises potential husband’s
earnings by $1,266 per year (versus a mean
of $19,800) or 6.4 percent. This suggests that
an important part of the return to school-
ing for women comes through the marriage
market, ™41

Van der Klaauw (1996) presents consid-
erable evidence on model fit. It provides a
good fit to the proportion of women who are
working/married conditional on years since
leaving school, to marriage rates by age, and
to hazard functions for marriage and divorce.
It also provides a good fit to the proportion of
women making each of the four marital sta-
tus/work choices conditional on work experi-
ence and age.

Van der Klaauw uses the model to simu-
late the impact of exogenous increases in
annual offer wages and husband offer wages.
A $1,000 wage increase (7.3 percent on aver-
age) leads to a 2.5 year (26 percent) increase
in work experience by age 35, implying an
uncompensated labor supply elasticity of
roughly 3.6. It is notable, however, that
this is not comparable to a conventional

147The estimates imply that a married woman who works
receives 34 percent of husband income. Unfortunately,
the share if she does not work is not identified. As we see
from (128), if a married woman does not work her utility
from consumption is (3, + [3;) times her share of husband
income. Only this product is identified in the model.
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Marshallian elasticity that holds all else fixed.
In particular, the wage increase causes a 1
year increase in average years to first mar-
riage, and a 1.3 year decrease in total years of
marriage. The fall in marriage is part of what
induces the increase in labor supply.™

There is another large time gap until the
next significant paper in the DCDP litera-
ture on female labor supply, which is Marco
Francesconi (2002). In contrast to van der
Klaauw (1996), he extends Eckstein and
Wolpin (1989) to make fertility a choice. He
also allows for both full-time and part-time
work. Thus, women have six choices in each
annual period (after age 40 only the three
work options are available). Francesconi
allows for separate full and part-time wage
functions (so the model can explain lower
wages for part-time work), and he lets full
and part-time experience have separate
effects on offer wages. Thus, the model
has three endogenous state variables: num-
ber of children, and part-time and full-time
experience.

Marriage is taken to be exogenous and the
model begins when a woman first gets mar-
ried. The terminal period is age 65. Women
are assumed to make decisions based on
expected husband income. As in Eckstein
and Wolpin (1989), women get utility from
total household consumption, net of fixed
costs of work and costs of children. There is
again a static budget constraint, with utility
linear in consumption. Utility conditional on

148 Van der Klaauw (1996) simulates that a $1,000 (5
percent) increase in husband offer wages reduces mean
duration to first marriage by 1 year, increases average years
of marriage (by age 35) by 2.3 years, and reduces average
years of work by 2.6 years (27 percent). These are very
large income effects, but they are not comparable to stan-
dard income effect measures, as they refer to changes in
husband offer wages, not actual husband wages. Also, it
is not clear how much credence to give to these figures:
as noted earlier, all permanent differences in husband
income in the model are generated by differences in the
wife’s own characteristics
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the part-time and full-time work and fertility
choices (p,, f;, n,) is given by

(129) Uy = Cppy + ayp, + asf,
+ (a3 + ¢})n;, + N,_y)
+ asn;, + N,_,)?
+ {Bp, Cops + Bof Copt
+ B3 Cppit
+ {Bipiny + Bsfint.

Tastes for part and full-time work, a;, and as,,
are a function of children, work experience and
schooling. Tastes for children (N, =N, | +n,)
depend on the stochastic term €}. In the first
term in curly brackets, consumption is inter-
acted with all the choice variables (p,, f,, n,).
This allows husband income to affect work
and fertility decisions. In the second term in
curly brackets, work and fertility decisions are
interacted. This enables the model to capture
the fact that newborn children greatly reduce
workforce participation.

The stochastic terms in the model are in
the full and part-time wage equations and
in tastes for children. There are no shocks
to tastes for work. Thus, as in Eckstein and
Wolpin (1989), he assumes wages are mea-
sured with error to account for observations
where women work at wages below the res-
ervation wage. Given that the model con-
tains six choices and three stochastic terms,
the evaluation of the Emax function integrals
is difficult. Francesconi uses a simulation
method similar to that of Keane and Wolpin
(1994) to approximate them (see section
6.3.2.1)1 The three dimensional choice
probability integrals are also simulated.

149 However, unlike Imai and Keane (2004), the state
space here is small enough that Francesconi can simulate
the Emax function at every state point (there is no need
to interpolate between points). The state space is small
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Francesconi (2002) also follows van der
Klaauw (1996) by assuming mean income of
the husband is purely a function of a woman’s
characteristics (i.e., age at marriage, educa-
tion, age). This reduces the size of the state
space, as no husband specific characteristic
(e.g., a husband skill endowment) need be
included in the state vector. But, as a result,
effects of husband income on the wife’s
behavior can only be identified to the extent
we invoke some exclusion restrictions, such
that certain characteristics of the wife affect
only the husband wage and not the wage or
tastes of the wife. In fact, the husband wage
function includes the wife’s age, age at mar-
riage and education/age of marriage interac-
tions, and all of these variables are excluded
from the wife’s wage function and from her
taste parameters.

Finally, Francesconi (2002) extends ear-
lier DCDP models of female labor supply
by following the procedure in Keane and
Wolpin (1997) to allow for unobserved het-
erogeneity. Specifically, he allows for three
discrete types of women in terms of their
skill endowments (the intercepts in the
offer wage functions) and in tastes for chil-
dren (a; and a,).

The model is estimated on 765 white
women from the NLS Young Women
Survey who were interviewed sixteen times
(in twenty-four years) from 1968-91. To be
included in the sample, a woman must be at
least 19 and be married to the same spouse
for the whole sample period. B3 Part-time is

because Francesconi assumes only the number of children,
not their ages, enters the state. If children of different
ages had different effects on labor supply, the state space
would grow astronomically. Francesconi can capture that
newborns have a larger effect on labor supply than older
children, because newborns are a current choice variable.
Thus, they do not enter the state, as they are no longer
newborns in the next period. But allowing, e.g., children
aged 1-5 to have a different effect than children aged 6-17
would lead to a great increase in complexity.

150 This is a subsample of a group of 1,783 women who
were married at least once during the period.
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defined as 500 to 1,500 hours and full-time
is defined as 1,500+ hours. The discount
factor is fixed at 0.952. Unlike the multistep
procedure in van der Klaauw (1996), deci-
sion rules and wage functions are estimated
jointly, and wage errors are log normal.

The wage function estimates imply a year
of schooling raises full-time offer wages by
8.4 percent and part-time offer wages by 7.6
percent (intermediate between the Eckstein—
Wolpin and van der Klaauw results). Full-
time experience has a large positive effect on
full-time offer wages, while part-time experi-
ence has a much smaller effect. Experience
effects on part-time wages are generally small.
Measurement error accounts for 63 percent of
the variance of observed wages. At the mean
of the data, an extra year of school raises hus-
band wages by 11 percent, consistent with the
finding of van der Klaauw (1996) that much
of the return to schooling for women comes
through the marriage market. The interaction
terms between consumption, work and fertil-
ity (51, 35, B3) are all negative. This generates
negative income effects on labor supply and
fertility. Also, the high-skill type has relatively
low tastes for children.

Francesconi (2002) shows the model pro-
vides a good fit to all six annual choice options
up to twenty-four years after marriage (which
corresponds to age 47 on average). This is
where the observed data ends. He also fits
a static model (i.e., discount factor set to 0)
and finds that it too provides a good fit to the
in-sample data. But the models differ dra-
matically in their out-of-sample predictions.
The static model predicts women’s labor sup-
ply will increase sharply after about age 47
and into the 60s. The DCDP model implies
work will stay flat and then drop slowly in the
60s. The latter prediction is much closer to
what we observe in the CPS.3 The problem
with the static model is that it explains low

151 Neither model captures the sharp decline in partici-
pation in the 60s due to retirement. But to be fair, neither
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participation rates as resulting from the pres-
ence of children, so when children leave par-
ticipation rises sharply. The dynamic model
is able to counteract this effect with a declin-
ing return to human capital investment as
one approaches the terminal period (see the
earlier discussion of Imai and Keane 2004).

Finally, Francesconi conducts several simu-
lations of how permanent wage changes affect
labor supply. For example, consider an aver-
age woman with two years of full-time work
experience at the time of marriage. In the
baseline simulation of the model, she works
for 6.8 out of the 11 years from age 30 to 40.
Now consider an increase in the log wage
function intercept (i.e., in the rental price of
skill) that increases offer wages by roughly
10.5 percent. This increases full-time work
by roughly 60 percent, implying an elasticity
of labor supply with respect to rental price of
skill of roughly 5.6. Note however that this is
somewhat of an exaggeration, as some of the
increase in full-time must come from reduced
part-time work. Unfortunately, Francesconi
does not report the drop in part-time work
that accompanies this experiment.

7.4.3 Human Capital, Marriage, Fertility,
and Welfare—Keane and Wolpin
(2010)

The next two papers I discuss are Keane
and Wolpin (2007, 2010). These papers use
approximate solution methods developed
in Keane and Wolpin (1994), and new esti-
mation methods developed in Keane and
Wolpin (2001), to estimate a model of female
life-cycle behavior that is considerably richer
than previous models in the literature. Both
marriage and fertility are treated as choices,
and both full and part-time work options
are available. Schooling is also a choice. An
important feature of the data not accommo-
dated in prior dynamic models is that many

model incorporates any features designed to explain retire-
ment behavior (such as pensions or Social Security).
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single women with children participate in
welfare programs. Thus, welfare participa-
tion (when eligible) is also a choice.

In the model, women begin making deci-
sions at age 14, and the terminal period is age
65. The fertile period is assumed to last until
age 45. During that time, women have up to
thirty-six choice options in each period.’>
Afterwards they have up to eighteen options.
The decision period is assumed to be six
months up until age 45. This is a compromise
between the length of a school semester and
the child gestation period. After age 45, the
decision period is one year (as the fraction
of women who either attend school or have
children after 45 is negligible).

Given that behavior of children as young
as 14 is being modeled, it is essential to con-
sider the role of parental coresidence and
parental income support. But, as this is not a
focal point of the model, the authors do not
treat living with parents as a choice. Instead,
consistent with practices we have discussed
earlier, both the probability of coresidence
and parental transfers are treated as stochas-
tic processes that depend on a person’s state
variables.

One fundamental difference from van der
Klaauw (1996) and Francesconi (2002) is
that marriage is a true search process. Each
period a woman may receive a marriage offer
that consists of: (1) the mean wage of the
husband, and (2) a taste for marriage draw
(which captures nonpecuniary aspects of
the match). The mean wage of the potential
husband is drawn from a distribution that
depends on a woman’s characteristics, such
as her schooling and skill level. The distri-
bution may produce either a good or a bad
draw, and the husband specific mean wage

152 The choice set differs across women for several rea-
sons. For instance, only unmarried women with children
under 18 can participate in welfare, and working while
on welfare is not an option if the offer wage rate is high
enough that income would exceed the eligibility level.
Also, girls under 16 cannot choose marriage.
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remains fixed for the duration of the mar-
riage if an offer is accepted. In this setup, a
woman has an incentive to reject marriage
offers while waiting for a husband with a
high mean wage. And a husband fixed effect
becomes part of the state space.

Another fundamental difference from
prior work is nonstationarity. That is, welfare
rules change over time and differ by state.
So each cohort of women (defined by the
calendar time period when they reach age
14) in each state faces a different sequence
of welfare rules. This creates serious prob-
lems: First, each cohort of women in each
state faces a different dynamic optimization
problem (raising computational burden).
Second, one must make an assumption about
how women forecast future rules. Third, the
rules are complex, making it hard to charac-
terize them. (Similar problems would arise
in modeling progressive taxation).

Keane and Wolpin (2007, 2010) deal with
these problems as follows: First, they develop
a simple five parameter function that charac-
terizes the welfare benefit rules in each State
and each year quite accurately. Second, they
assume women use a state-specific vector
autoregression in these five parameters to
predict future rules. Third, they only use
data from five large states, so as to reduce the
number of DP problems that must be solved
in estimation. This enables them to use other
states for out-of-sample validation.

Keane and Wolpin assume a woman
receives disutility from a variable that mea-
sures “nonleisure” time (h,). This is a sum of
work hours, a fixed time cost of work, time
spent in school, time required to collect wel-
fare, and time needed to care for children >
The authors estimate weights on activities
other than work to allow other time uses to
entail more/less disutility than market work
time. A woman’s consumption is a share of

153 Childcare time is, in turn, is a weighted sum of time
required to care for children in different age ranges.
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total (net) household income. Utility is qua-
dratic in h, and linear in consumption. As
in papers discussed earlier, consumption is
interacted with h,. The estimated coefficient
is negative, so consumption and leisure are
compliments. This induces negative income
effects on labor supply and fertility,’>!

Women also receive utility/disutility from
children, pregnancy, marriage, school, and
welfare participation. Utility from preg-
nancy is a polynomial in age. As expected, it
becomes a large negative as women approach
45, consistent with greater risks of pregnancy
at older ages. The disutility from welfare
enables the model to explain nonparticipa-
tion by eligible women (see Moffitt 1983).
The utility function coefficient on each of
the five choice variables (hours, pregnancy,
marriage, school, and welfare) consists of a
constant plus a stochastic taste shock. This
enables the model to generate a nonzero
probability for any observed choice.

The model allows for unobserved hetero-
geneity in the form of six types of women who
have different vectors of constants on the five
choice variables (different tastes), and dif-
ferent intercepts in the wage functions (dif-
ferent skills). The model includes observed
heterogeneity as well: the skill/taste param-
eters are allowed to differ across states and
ethnic groups (blacks, whites, Hispanics).
Finally, the utility function includes inter-
actions of full and part-time work, school,
marriage, and welfare participation with
lagged values of these variables, to capture
state dependence in tastes for these choice
options >3

154 Keane and Wolpin (2007, 2010) add additional
interactions to let marriage and children shift the degree
of complimentarity between consumption and leisure. This
would have been irrelevant in the papers discussed pre-
viously, as they do not model labor supply, marriage, and
fertility jointly. The estimates imply marriage and children
both reduce the degree of complimentarity between con-
sumption and leisure, but do not eliminate it.

155 The utility function includes some additional terms
to capture detailed features of the data. Full and part-time
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The model is estimated on data from the
NLSY79, which contains women aged 14 to
21 in 1979. The data span the years 1979—
91, so the maximum age is 33. The states
used in estimation are California, Michigan,
New York, North Carolina, and Ohio. To be
included in the sample, a woman must reside
in the same state for the whole period, which
screens out 30 percent. This leaves data on
roughly 2,800 women.™ The annual dis-
count factor is fixed at 0.93.

Estimates of the log wage function imply
that (at the mean of the data) an extra year
of school raises wages by 9.1 percent. And
84 percent of the variance of wages is due to
measurement error (the true log wage stan-
dard deviation is 0.17). The experience coef-
ficients imply that the first year of full-time
work raises wages by 2.6 percent, and the
experience profile peaks at 36 years. Lagged
full-time work raises the current offer wage
by 7 percent; lagged part-time raises it by 3
percent. Ceteris paribus, part-time wages
are 10 percent lower than full-time (Both
this and a fixed cost of work were needed to
explain the relatively low prevalence of part-
time). Blacks and Hispanics have lower offer
wages than whites, by 13 percent and 6 per-
cent, respectively).

In the husband offer wage function, the
coefficient on the woman’s skill endowment
(i.e., the intercept in her wage function) is
1.95, implying strong assortative mating.
An extra year of education for the woman
raises the husband offer wage by 3 percent,
and women receive 55 percent of household
income. So, as in van der Klaauw (1996) and

are interacted with school to capture that people who work
while in school tend to work part-time. They are also inter-
acted with high school, as part-time work is far more preva-
lent in high school. Pregnancy is interacted with school to
capture that women rarely go to school when pregnant.
Tastes for school, marriage, and pregnancy are allowed to
shift at key ages (16, 18, 21). And there is a linear time
trend (across cohorts) in tastes for marriage.

156 Keane and Wolpin (2002) provide a more detailed
description of these data.
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Francesconi (2002), much of the return to
schooling comes through the marriage mar-
ket. However, black and Hispanic women
have much lower husband offer wages
than whites (by 30 percent and 14 percent,
respectively).

Estimates of the utility function param-
eters are interesting in that they show no
significant differences in tastes for leisure,
school, or welfare participation between
black, white, and Hispanic women. But
black and Hispanic women do get more
utility from children. And black (Hispanic)
women get less (more) utility from marriage.
There is clear evidence of state dependence
in tastes for school, part-time work, and full-
time work.

Keane and Wolpin (2007) provide a good
deal of evidence on the fit of the model, and
assess how well it predicts behavior in the
holdout state of Texas. The model performs
rather well in these tests, including provid-
ing better predictions than some alternative
reduced-form models. Keane and Wolpin
(2010) use the model for a variety of pol-
icy experiments. These focus on (i) factors
accounting for differences among blacks,
whites, and Hispanics in choice behavior,
(ii) effects of changing welfare rules, and
(iii) effects changing offer wages. Here 1
focus on the labor supply simulations. For
instance, for women in the 22.5 to 25.5
age range, a 5 percent increase in the skill
rental price causes average weekly hours to
increase by 14 percent, from 25.8 hours to
29.4 hours. This implies a labor supply elas-
ticity of roughly 2.8.

Recall that the model has six types of
women, which we can rank order by skill
level from type 1s (highest skill endowment)
to type 6s (lowest). Type 6s account for the
majority of welfare participants. Keane and
Wolpin (2010) report experiments where
they increase the offer wage by 5 percent
for each type separately. The wage elastici-
ties are inversely proportional to skill level,
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ranging from only 0.6 for type 1s to 9.2 for
type 6s. Thus, the overall elasticity of 2.8 is
deceptive with regard to behavior of various
subsets of the population.

For type 6 women, the 5 percent wage
increase has a dramatic impact on many
aspects of behavior. For instance, for whites
of type 6, the percent working at ages 22 to
29.5 increases from 34 percent to 50 percent
(a 47 percent increase). But also notable is
that mean schooling increases from 11.5
to 12 years, the high school drop out rate
drops from 42 percent to 24 percent, wel-
fare participation drops from 25 percent to
20 percent, and incidence of out-of-wedlock
teenage births drops from 3.4 percent to 2.8
percent. All these behavioral changes (more
education, fewer teenage pregnancies, less
welfare participation) contribute to the
increase in labor supply. In contrast, type 1s
already complete a high level of schooling,
rarely have children at young ages, do not
participate in welfare, and participate in the
labor market at a high rate. Thus, there are
fewer ways that a wage increase can affect
them. In summary, these results indicate
that wage elasticities of labor supply for low
skilled women are much greater than for
high skilled women.

Finally, I emphasize that a weakness of
all the empirical work discussed in sections
7.1 and 7.3-7.4 is that it does not explicitly
account for taxes in the estimation. A partial
exception is Keane and Wolpin (2010), who
account for taxes/transfers at low income
levels.

7.5 Assessing the Impact of Tax Reforms—
Eissa (1995, 1996a)

In two influential papers, Eissa (1995,
1996a) assessed the impact of the Economic
Recovery Tax Act of 1981 (ERTAS1) and Tax
Reform Act of 1986 (TRAS6) on labor supply
of married women. In contrast to the work I
have described previously, she does not seek
to estimate structural labor supply models,
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but instead relies on a “difference in differ-
ences” (DD) approach. The idea of DD is to
compare the behavior of a “treatment” group
that was substantially affected by tax changes
with that of a “control” group that was little
affected.

Eissa assumes that married women condi-
tion their labor supply on husband’s income,
and nonlabor income of the household.
These determine the marginal tax rate on
her first dollar of earnings. As both ERTAS1
and TRAS86 flattened the tax structure, the
reduction in marginal tax rates was greater
for women with high income husbands. For
instance, to evaluate ERTAS1, Eissa (1996a)
uses women whose husbands earned at least
$50,000 as the treatment group, and those
whose husbands earned 30k—50k as the con-
trols. Between 1980 and 1984 (as ERTA was
phased in), the former group experienced an
increase of 12.3 percent in the after-tax share
(1 — 7), while the latter group experienced
only a 5.4 percent increase.'”?

In the baseline, 1980, the participation
rates of the two groups were 41.9 percent
and 56.3 percent. By 1984, they had grown to
49.9 percent and 61.8 percent, respectively.
Thus, the participation rate of the women
with high-income husbands grew 19 per-
cent, while for those with lower-income hus-
bands it grew 9.7 percent. The idea of DD
is to view the change for the control group
(9.7 percent) as capturing common time fac-
tors affecting both groups. Then, we can fac-
tor these out, and calculate the elasticity of
participation with respect to the tax change as
er=1[19.0 —9.7]/[12.3 — 5.4] = 1.35.

Two things are worth noting here. First,
I use the notation e; to denote that this is
an elasticity with respect to this particular
tax change. It does not correspond to the

157 Eissa (1996a) uses the March CPS for all her cal-
culations. A limitation of these data is that tax deductions
are not recorded and must be imputed. T discussed this
problem with measuring taxes in section 4.
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Marshall or Hicks elasticity per se. Indeed,
Blundell and MaCurdy (1999, p. 1613) note
the DD approach uncovers a weighted aver-
age of the Marshall and Hicks, reducing to
the Marshall if the tax has no differential
income effects. In the present context, much
of the income effect of the tax cut is likely
to operate through the husband’s after-tax
income (e.g., if this effect were greater for
women with higher income husbands, we
would understate the Marshallian elasticity).
Second, the noncomparability of the treat-
ment and control groups, made clear by
their different baseline participation rates
(41.9 percent versus 56.3 percent) raises
two issues: The more fundamental is, if the
groups differ to begin with, can we safely
assume they are affected in the same way by
policy changes? The more prosaic is, with
different baseline rates, there is no unique
way to calculate the DD estimator—e.g., we
could adopt the view that the control group
captures the percentage point (not percent)
change that occurs due to common factors.
As participation grew by 8.0 percentage
points for the treatments and 5.5 points for
the controls, we obtain 8.0 — 5.5 = 2.5 per-
centage points as the tax effect. This implies
participation growth of 0.025/0.419 = 6.0
percent, so we have e;=6.0/[12.3 — 5.4]
= 0.87. This is the participation elasticity
that Eissa (1996a) actually reports, but I see
no reason to choose this over the 1.35 figure.
Accounting for the higher wage growth of the
more educated women (2.2 percent greater)
reduces these two figures to e; =6.0/9.3
= 0.65 and e = 9.3/9.3 = 1.0, respectively.
Eissa also calculates an hours elasticity of
about 0.60. Baseline hours (conditional on
working) are fairly similar for two groups, so
this result is not so sensitive to how the DD
estimator is constructed. The implied total
annual hours elasticity is about 1.25 to 1.60.
Eissa (1995) uses a similar procedure to
analyze the response to TRAS6. I focus on
her results using women with husbands at
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the 99th percentile of the income distribution
as the treatment group and husbands at the
90th percentile as the controls. The reform
increased the after-tax wage by 29.1 percent
for the treatment group and 12.3 percent for
the control group, implying a 16.8 percent
relative wage increase for the treatments >
In the baseline, 1983-85, the participa-
tion rates were 46.4 percent and 61.1 per-
cent for the two groups. By 1989-91 they
had risen to 55.4 percent and 65.6 percent,
respectively. Thus, the participation rate of
the women with high-income husbands grew
19.5 percent, while that for women with
lower-income husbands grew only 6.5 per-
cent. The DD estimate of the elasticity of
participation with respect to the tax change
is  thus  e;=[19.0 —6.5]/16.8 = 0.74.
Or, if we take the alternative approach
of looking at percentage points, we get
er = 1[9.0 — 4.5]/0.464}/16.8 = 0.58. For
the elasticity of total annual hours, we get
er=1[34.5 - 14.7]/16.8 = 1.18 using per-
cent changes, while using level changes we
get ep = [{206 — 129}/596]/16.8 = 0.77.
Focusing on total annual hours, it is inter-
esting that the range of DD estimates for
ERTASI, which is 1.25 to 1.60, is higher
than that for TRAS6, which is 0.77 to 1.18.
Eissa (1995) notes that TRA86 was designed
to be roughly revenue and distributionally
neutral. As high-end rates were cut, a vari-
ety of exemptions benefiting high-income
people were also eliminated. Thus, she
argues the reform was designed to generate
a compensated substitution effect. In con-
trast, the high-end rate cuts of ERTASI
were uncompensated. So it is surprising
that TRAS6 generated a smaller response.
Despite this puzzle, Eissa’s results seem to

158 This is actually the increase in the after tax rate
(1 — 7). Eissa (1995) presents evidence that wages did not
grow significantly for the 99th percentile group relative to
the 95th percentile group.
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strongly suggest that the response of married
women to taxes is quite elastic. >

7.6 Summary of the Female Labor Supply
Literature

A problem arises in summarizing labor
supply elasticity estimates for women
because the nature of what is estimated dif-
fers greatly across studies. I discussed several
studies that estimate what might be called
“short run” elasticities, holding marriage, fer-
tility, and work experience fixed. But Moffitt
(1984) and the DCDP models estimate “long
run” elasticities that allow, depending on the
study, experience, fertility, marriage, and/or
education to adjust to wage changes. And
Eissa (1995, 1996a) estimates responses to
particular tax law changes. Nevertheless,
attempts to summarize these varied
elasticity estimates.

A reasonable assessment of is that
labor supply elasticity estimates for women
are generally quite large. DCDP models give
uniformly large “long run” elasticities rang-
ing from 2.8 to 5.6. The life-cycle models of
Heckman and MaCurdy (1982) and Kimmel
and Kniesner (1998) give large Frisch elas-
ticities (2.35 to 3.05). The Marshallian elas-
ticity of 0.89 obtained by Cogan (1981) in
a static model is also quite large." Thus,
nine of the eleven listed studies obtain large
female labor supply elasticities (of various
types). Only Blundell and Walker (1986)
and Blundell, Duncan, and Meghir (1998)
find generally small elasticities. This may

159 Notably, Eissa did not try to use a DD approach to
analyze effects of these tax reforms on men. As she notes,
it is far more difficult to find a plausible control group for
men. Eissa (1996b) does compare behavior of high versus
low education men (the former having higher wages and
therefore being more affected), but she does not claim to
find the results very convincing (given the obvious non-
comparability of these groups).

160 Note this is an elasticity for hours conditional on
working. It is unfortunate that Cogan does not report a
participation elasticity. Given his estimates, this would pre-
sumably have been much larger.
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TABLE 7
SUMMARY OF ELASTICITY ESTIMATES FOR WOMEN
Uncom-
pensated Tax
Authors of study Year Marshall Hicks Frisch (dynamic) response
Static, life-cycle and life-cycle consistent models
Cogan 1981 0.89*
Heckman-MaCurdy 1982 2.35
Blundell-Walker 1986 —-0.20 0.01 0.03
Blundell-Duncan-Meghir 1998 0.17 0.20
Kimmel-Kniesner 1998 3.05"
Moffitt 1984 1.25
Dynamic structural models
Eckstein-Wolpin 1989 5.0
Van der Klauuw 1996 3.6
Francesconi 2002 5.6
Keane-Wolpin 2010 2.8
Difference-in-difference methods
Eissa 1995, 1996a 0.77-1.60
Notes:

*= Elasticity conditional on positive work hours.

b= Sum of elasticities on extensive and intensive margins.

be because these studies consider the labor
supply response of working women to wage
changes, while the other nine studies incor-
porate participation choices.

In summary, we see the female labor sup-
ply literature has emphasized participation,
human capital, fertility, and marriage. Papers
that have attempted to model fertility and/
or marriage as choices have ignored sav-
ings choices so as to achieve computational
tractability. There is as of yet no model of
female life-cycle behavior that includes sav-
ings along with human capital, fertility, and
marriage. This is an important avenue for
future research, but a difficult one, as it is not
clear how to sensibly model savings outside
of a household context.

My survey of female labor supply has been
narrower than that for men, as I share with
Mincer (1962) the view that it is difficult to
think sensibly about labor supply of women
without adopting a life-cycle perspective.
Also, in the interest of space I have largely
ignored the work on effects of welfare pro-
grams on labor supply of single mothers
(see, e.g., Moffitt 1983, 1992; Keane and
Moffitt 1998), except where welfare is inte-
grated into a life-cycle framework (Keane
and Wolpin 2010). Notably, single mothers
may be the group for whom static mod-
els are most useful: they are likely liquidity
constrained and have small returns to work
experience. Hence, the literature on single
mothers has emphasized methodological
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issues different from those discussed here,
and to do it justice would require another
major section (see Moffitt 1992 and Blundell
and MaCurdy 1999 for surveys).

8. Conclusion and Suggestions
for Future Work

My review suggests that labor supply of
men may be more elastic than conventional
wisdom suggests. When I simply aver-
age the Hicks elasticity across twenty-two
well-known studies of males, I obtain 0.31.
Several studies have shown that such a value
is sufficient to induce substantial efficiency
losses from progressive income taxation.
Furthermore, if one weighs studies by fea-
tures I argued are desirable, such as (i) use
of direct rather than ratio wage measures, or
(ii) accounting for human capital, one gets a
larger value of the Hicks elasticity.

For women, most studies find very large
labor supply elasticities. This is especially
true of papers that calculate “long run”
elasticities—meaning some combination
of fertility, marriage, work experience, and
education are allowed to respond to wage
changes, rather than being held fixed. Across
five such studies that I examine, long-run
elasticities average 3.6.

In this survey, I sought to avoid bias toward
any one methodological perspective. I dis-
cussed static and “life-cycle consistent” labor
supply models, reduced form and structural
dynamic models, and natural experiment
methods. But one bias is notable: Out of hun-
dreds of papers on labor supply, I chose to
review ones that (i) pushed the methodologi-
cal frontier in some way, (ii) are very well-
known/influential, or (iii) both. Of course
this is a small subset of the whole universe of
papers on labor supply. An interesting (but
difficult) question is whether the distribution
of results in the universe of papers differs
significantly from that in the subset of rela-
tively prominent papers selected here.
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Econometricians face many difficult
problems in estimating labor supply elas-
ticities (see section 4). Clearly, no paper
deals with all of them. In my view, the most
obvious gap in the literature is a dynamic
model that includes the participation mar-
gin, human capital and progressive taxation
(PH&P) simultaneously. Recent work claims
that ignoring one or more of these features
caused prior work to understate labor sup-
ply elasticities (see Rogerson and Wallenius
2009, Imai and Keane 2004, Aaronson and
French 2009). It would be of great interest
to incorporate all three features in one
model, as ignoring any one may exaggerate
the importance of the others. k!

Another limitation of existing work is that
few papers treat labor supply of couples as a
joint decision (Blundell and Walker 1986 is
an exception). Consideration of family labor
supply has important implications for opti-
mal tax calculations (see Patricia Apps and
Ray Rees 2009). But this is a difficult area
as results depend on one’s model of family
decision making.

Another gap is that few papers model
dynamics and also consider the tax treatment
of asset income (Ziliak and Kniesner 1999,
2005 are exceptions). Even among those that
do, poor quality of data on nonlabor income
is a serious concern (see Blomquist 1996).

Finally, all the papers I discussed ignore
equilibrium effects of taxes on wages. There
are a few equilibrium models in the litera-
ture (see, Heckman, Lance Lochner, and
Christopher Taber 1998, Donghoon Lee
2005, Lee and Wolpin 2006, Keane and
John E. Roemer 2009) but none account for
PH&P simultaneously. These papers typi-
cally adopt simplistic models of either the

161 Incorporating taxes in dynamic models is difficult, as
the econometrician must model how agents forecast future
taxes. Keane and Wolpin (2007, 2010) developed methods
that can handle this problem, but they only applied them
to forecasting welfare rules.
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demand or supply side (or both) to make
estimation feasible. But faster computers
will make equilibrium modeling easier.
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