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Abstract

The response of aggregate labor supply to various changes in the eco-
nomic environment is central to many economic issues, including the
optimal design of tax policies.Whereas the earlier literature often con-
cluded that aggregate labor supply elasticities were small, we argue
that recent work using structural models andmicro data credibly sup-
ports large aggregate elasticities. We focus on three issues. First, ear-
lier analyses abstracted from several key features, including human
capital accumulation, that severely negatively biased estimates of a
key preference parameter. Second, failure to understand that aggre-
gate labor supply adjustments can occur along both the hours per
worker and employment margins has led economists to misinterpret
the implications of preference parameters for aggregate labor supply.
Third, structural estimation of models that feature choice along the
extensive margin using micro data typically finds large responses.
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1. INTRODUCTION

This review deals with an issue that is extremely important for a wide range of economic issues—the
magnitude of the elasticity of aggregate labor supplywith respect to transitory and permanent changes
in wages. As is well known, this issue is highly controversial: There is a long-standing controversy
driven by the fact that labor economists typically estimate relatively small labor supply elasticities from
micro data, whereas macroeconomists who use representative agent models to study aggregate
outcomes typically employ parameterizations that imply large aggregate labor supply elasticities.

In this article, we seek to reconcile this apparent controversy. A key point we wish to stress is
that, in general, labor supply elasticities are neither a single number nor a primitive feature of
preferences. Rather, labor supply responses (individual or aggregate) to a particular change in the
economic environment will typically depend on features of technology and market structure, as
well as preferences. And they will typically be heterogeneous, differing by worker characteristics
such as age, gender, and skill level. In a dynamic setting, labor supply responses will generally
change over time, as long- and short-run effects will differ. For these and other reasons, one cannot
estimate a labor supply elasticity in one context and import it into other contexts.

A key implication is that it is important to adopt a framework in which the choice problems
of individuals are explicitly formulated. We should seek to identify the underlying structural
parameters that characterize these choice problems and use that information to infer elasticities,
rather than try to explicitly estimate a number called the “labor supply elasticity” that is then
applied across different contexts.1

In Section 2, we lay out a benchmark model, based on MaCurdy (1981), that represents a
standard framework used by many economists to think about labor supply. An important feature
of this simple model is that it generates a direct mapping from two preference parameters to
standard elasticity concepts (Frisch, Hicks, and Marshall).

In Sections3–5, we describe several extensions to the benchmarkmodel that have been pursued
over the past 15 years. All of these extensions break the simple link between preference parameters
and labor supply elasticities, creating a situation in which elasticities are context dependent. The
micro-macro controversy seemsmuch less apparent (if not nonexistent) if one uses these extended
models to view the data. Our conclusion is that much of themicro-macro controversy results from
the fact that many economists continue to view the world through the lens of this benchmark
model, which abstracts from these empirically important extensions.

2. BACKGROUND AND OVERVIEW

2.1. A Benchmark Model

We begin with a benchmark life-cycle model that serves to clarify the macro-micro labor supply
controversy. Each period, a T-period lived individual is born with preferences
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where ca and ha are consumption and hours worked at age a, respectively. There are four
preference parameters: b, h, a, and g. We strive to use these parameters consistently throughout

1Browning et al. (1999) also critique the practice of exporting parameter estimates across contexts.
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the article. The individual has one unit of time each period and faces an exogenous pro-
ductivity sequence, denoted by ea, so that working ha units of time at age a yields eaha units of
labor services. There is a constant returns to scale aggregate production function F(Kt, Ht),
where Kt and Ht are aggregate capital and units of labor services, respectively. In steady state,
these satisfy

H ¼
XT
a¼0

eaha,K ¼
XT
a¼0

ka,

where ha and ka are the steady-state life-cycle profiles for hours worked and capital holdings,
respectively. Output can be used as consumption or investment, and capital depreciates at rate d.
We consider the following tax and transfer system: Labor earnings are taxed at the constant rate t,
and the resulting revenues fund a lump-sum transfer. To avoid issues of intergenerational re-
distribution, one assumes that the lump-sum transfer received by any generation is equal in present
value to their tax payments.2

With infinitely lived agents, the steady-state interest rate is unaffected by this policy and equals
1=b� 1. This need not hold in an overlapping generations economy. But because our interest is in
the effects of taxes controlling for changes in other factors, such as interest rates, we assume that
the steady-state interest rate is not affected by t and equals 1=b� 1. We note that there is always
a government debt policy that would support this interest rate as a steady-state equilibrium.
Constant returns to scale of F then imply that the wage per unit of labor services, denoted byw, is
also independent of t.

An individual thus solves the following problem in steady-state equilibrium:

max
ca, ha
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s.t.
XT
a¼1

baca ¼
XT
a¼1

ð1� tÞbaeahawþ T.

Lettingl denote the Lagrangemultiplier on the budget equation, we have the following first-order
conditions:

c
�1
h

a ¼ l, ð1Þ

ah
1
g
a ¼ ð1� tÞleaw. ð2Þ

Equation 1 implies that ca is constant over the life cycle.
3 Taking logs of Equation 2 gives a simple

version of the equation used by MaCurdy (1981) and others in their estimation exercises using
micro data:

2Although highly stylized, the effects of this policy correspond to the Hicks elasticity, thereby providing a clean connection to
the literature on elasticities.
3This implication is not consistent withmicro data. Assuming age effects on the marginal utility of consumption, for example,
would avoid this implication. Because our focus is on labor supply, we abstract from these possibilities.
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log ha ¼ bþ g log ea, ð3Þ

where b ¼ g[log l þ log w þ log(1 � t) � log a] is constant for an individual over his or her life
cycle in steady state. Because changes in log ea are equivalent to changes in log wages for indi-
viduals over the life cycle, this equation provides a strategy for uncovering the preference pa-
rameter g using individual panel data. As described below, one can also uncover the value of h.

Estimates of these preference parameters from micro data also allow one to infer aggregate
effects of changes in t. Equation 3 is a useful starting point but is not sufficient. The reason is that if
we are comparing ha across steady-state equilibria that correspond to different values of t, then the
value of l will also differ. Hence, to determine the change in ha, we need to also derive an ex-
pression for the change in l.

To do this, note from Equation 2 that given the optimal value of h0, the rest of the profile
satisfies

ha ¼ ea
e0

� �g
h0. ð4Þ

Total labor income is therefore proportional to h0. Because the present value of the transfer re-
ceived by each individual is equal to the present value of his or her own tax payments, in steady-
state equilibrium, we have

XT
a¼1

baca ¼
XT
a¼1

baeahaw.

As ca is constant over the life cycle, its value is proportional to h0 andw. Write this as ca ¼ cwh0.
Equation 1 then implies

logl ¼ �1
h

logh0 þ logwþ log c½ �. ð5Þ

Using Equation 4, we have

log l ¼ �1
h

g log
eo
ea

þ log ha þ logwþ log c
� �

. ð6Þ

Given that w is independent of t, Equation 3 implies

logha ¼ �g

h
g log

eo
ea

þ log ha þ log cþ logw
� �

þ g logwþ g logð1� tÞ � g logaþ g log ea.

ð7Þ

Rearranging gives

log ha ¼ g

hþ g
½ðh� 1Þlogw� h loga� log c� g log e0

�þ gh

hþ g
logð1� tÞ þ g log ea. ð8Þ

Here, the coefficient on log ea is the Frisch elasticity. This is the effect of life-cycle variation in
wages. The coefficient on log(1� t) is theHicks elasticity. Akey distinction between the two is that
the Frisch elasticity holds the marginal utility of consumption constant, whereas the Hicks does
not. The Hicks elasticity is smaller than the Frisch, with equality as h → 1 (i.e., when utility is
linear in consumption and there are no income effects).
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Equation 8 implies that a change in t causes hours to change proportionally at all ages. Because
H is simply the sum of ha, it follows that

logH ¼ Bþ gh

hþ g
logð1� tÞ, ð9Þ

where B is a constant. Macroeconomists often impose h ¼ 1 so preferences are consistent with
balanced growth. Then the coefficient on log(1 � t) is purely a function of g.

A key point in the context of this benchmark model is the tight connection between preference
parameters estimated frommicro data and the implied aggregate elasticity for a particular tax and
transfer policy. Moreover, in this benchmark model, observing the response in steady-state hours
worked by an individual at one particular age is sufficient to infer the aggregate response.

2.2. Micro Evidence Based on the Benchmark Model

The literature that uses micro data to estimate labor supply elasticities is vast, so we make no
attempt to summarize it here.4 Instead, we consider three of the most influential papers, MaCurdy
(1981), Browning et al. (1985), and Altonji (1986), each of which estimates the intertemporal
elasticity of substitution, or Frisch elasticity. Details of their approaches differ, but all involve
regressing changes in hours on changes in wages. For example, MaCurdy (1981) uses the basic
model described above extended to allow for heterogeneity and uncertainty to derive the change in
hours equation:

D loghit ¼ gD logwit 1� titð Þ � g logb 1þ rtð Þ þ agDXit þ gjit þ gDɛit. ð10Þ

The parameters a, b, and g are as above, and the tax rate (tit) is allowed to vary across time and
individuals. The Xit are controls for exogenous shifts in tastes for work, the ɛit represent un-
observed taste shocks, and jit represents the surprise part of the change in the marginal utility of
wealth (or of consumption) from t� 1 to t.5 The literature has focused on three issues: First, the jit
will be correlated with wage changes to the extent that wage changes are not fully anticipated at
t � 1. Second, tastes for work may be correlated with wages (e.g., those with a higher taste for
work may also work harder or acquire more skills, but also lower the after-tax wage by pushing
one into a higher tax bracket). Third, the wage is presumably measured with considerable error.

To deal with these issues, all three of these influential papers instrument for wage changes,
using variables that were presumably known at time t � 1, although they differ somewhat in the
choice of instruments, the choice of observed taste shifters, and the exact choice of the functional
form for the labor supply function. For instance, MaCurdy (1981) uses polynomials in age and
education to instrument forwages, exploiting thatwages are known to follow an inverted U-shape
over the life cycle, the shape of which varies with education. Nevertheless, all three obtain very
small estimates of g, the Frisch elasticity (the preferred estimates being 0.15, 0.09, and 0.31,
respectively, for MaCurdy 1981, Browning et al. 1985, and Altonji 1986). These results have
been quite influential in generating a consensus within the profession that the Frisch elasticity
is small.

4Classic reviews of this literature includeHausman (1985), Pencavel (1986), Killingsworth &Heckman (1986), and Blundell &
MaCurdy (1999). For more recent reviews, readers are referred to Meghir & Phillips (2010) and Keane (2011).
5MaCurdy (1981) does not allow for shocks to the marginal utility of wealth, but MaCurdy (1983) extends the analysis to
allow for this. In terms of implementation, the only impact is that one needs to lag the instruments, which MaCurdy (1981)
actually does, even though he does not incorporate uncertainty.
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Because the Frisch elasticity is an upper bound on the Marshall and Hicks elasticities in the
benchmark life-cycle labor supply model, a small estimated Frisch elasticity has contributed to the
view that the Marshall and Hicks elasticities are also small. In fact, MaCurdy (1981) also shows
that the results of estimating Equation 10 allowone to infer responses to permanentwage changes.
Estimation of Equation 10 uncovers all parameters of the hours equation in levels,

log hit ¼ g logðwitð1� titÞ
�þ g logli0 � g log r 1þ rtð Þt þ agXit þ gɛit, ð11Þ

except for g log li0, which is the individual specific constant (or fixed effect) in the levels equation
(li0 is the marginal utility of wealth at t¼ 0). Thus, he backs out the value of g log li0 in a second
stage after estimating Equation 10 in the first stage. He can then in principle regress them on the
whole set of life-cycle wages.6 His estimates imply that a 10% (fully anticipated) increase in wages
at all ages increases labor supply by only 0.8%—a very small effect.

2.3. Macroeconomic Models

Although the view that labor supply elasticities are small is clearly the majority position among
microeconomists, this view is lesswell acceptedamongmacroeconomists.7 Beginning with Lucas&
Rapping (1969), many macroeconomists have argued that relatively large Frisch elasticities are
required to account for labor market fluctuations over the business cycle.8 Prescott (2004) shows
that a relatively large labor supply elasticity is also required to rationalize trend changes in hours of
work among G-7 economies since 1970.9 In fact, in the infinitely lived stand-in household models
that remain the norm inmuch of themacro literature, it is standard to assume that the period utility
function is log linear in consumption and leisure. If one-third of available time is spent in market
work, this implies a Frisch elasticity of 2.0.

2.4. Overview of the Review

The above discussion is meant to illustrate that, viewed from the perspective of the simple
benchmark model described earlier, there is a strong tension between evidence based on micro
studies and specifications commonly adopted in aggregate studies. The purpose of this article is to
provide a deeper analysis of this tension.We concede up front that we have a clear opinion on this
matter:Weargue that evidence from studies such asMaCurdy (1981), Browning et al. (1985), and
Altonji (1986) is fully consistentwith aworld inwhich aggregate labor supply elasticities are large.

There are several approaches one could follow. One could challenge the claim that the micro
literature offers a clear consensus on labor supply elasticities. And aswith any empirical work, one
could criticize the studies that find small labor supply elasticities on their own terms. That is, one
could accept the basic empirical framework (e.g., Equation 10) but question the implementation.
Specifically, one could question the instruments for wages, the controls for tastes for work, the

6Of course, MaCurdy (1981) observes wages only for his 10-year sample period, not the whole life cycle. To deal with this
problem, he fits a quadratic life-cycle wage profile for each person using 10 years of data and regresses the estimated values of
g log li0 on the individual specific parameters of this profile. Using the coefficient on the wage profile intercept, he can
determine how an upward shift in the whole wage profile affects g log li0, and hence labor supply.
7In his Nobel lecture, Prescott (2006) argues that large labor supply elasticities are important to reconcile various aggregate
observations.
8Benhabib et al. (1991) show that intratemporal substitution between home and market production can also contribute to
a large elasticity for hours of market work.
9Ohanian et al. (2008) extend this finding to a larger set of countries and a longer time period (see also Rogerson 2008 and
McDaniel 2011).
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functional forms for the labor supply function, measurement of wages, taxes, and so on. As Keane
(2011) explores these two approaches in depth, we do not pursue them here.

We instead focus on three other issues. The first, pursued in Section 3, questions fundamental
assumptions of the empirical framework of Equation 10. Specifically, we describe several important
features absent from the benchmark model that may have led prior studies to understate labor supply
elasticities: human capital accumulation (Imai & Keane 2004), credit constraints (Domeij & Floden
2006), uninsurable wage risk (Low 2005), and optimization frictions (Chetty 2012).

The second approach, pursued in Section 4, questions whether standard micro data estimates
are relevant for determining aggregate labor supply responses. The key issues here are the ex-
tensive margin, population heterogeneity, and aggregation. Chang & Kim (2006), Rogerson &
Wallenius (2009), andErosa et al. (2014) show that labor supply could appear quite inelastic based
on standard micro estimates, yet be quite elastic in the aggregate.

The third (and related) approach, pursued in Section 5, highlights that most micro empirical
work finding small elasticities focuses on adjustment along the intensive margin. In contrast, we
show that the relatively smallmicro data literature that allows for an extensivemargin consistently
finds large extensive margin elasticities, both for men and for women. This literature includes the
early contributions of Cogan (1981) and Heckman & MaCurdy (1980) and the more recent
contributions of Eckstein&Wolpin (1989), Kimmel&Kniesner (1998), Keane&Moffitt (1998),
Keane & Wolpin (1997, 2000, 2001, 2010), French (2005), and Blundell et al. (2013).

In each section, we emphasize how the strong link between preference parameters estimated
frommicro data and the implied aggregate labor supply elasticity for a particular tax and transfer
policy is broken. Section 6 concludes.

3. MICRO EVIDENCE BASED ON EXTENSIONS OF THE BASIC MODEL

The standard life-cycle labor supply model abstracts from several features, including human
capital accumulation, credit constraints, uninsurablewage risk, and optimization frictions. Recent
papers argue that failure to include these factors has led prior micro empirical studies to un-
derestimate thevalueof thepreferenceparameterg and hence the responsiveness of labor supply to
changes in wages or taxes. Here we review this work.

3.1. Human Capital Accumulation

The classicMaCurdy (1981) life-cycle model assumes that wages evolve exogenously, precluding
the possibility thatworkers acquire human capital via learning-by-doing or on-the-job investment.
Two early papers that include human capital accumulation areHeckman (1976) and Shaw (1989).
Heckman (1976) studies a model with on-the-job investment in which workers are paid only for
the time they spend on productive work (not the time they spend learning). Thus, a worker that
devotes any time to investment has a measured wage rate (i.e., earnings divided by total hours at
work) less than his or her true productivity. His estimates imply that productivity exceeded wages
by over 50% for young workers, with this gap largely vanishing for workers in their forties. Shaw
(1989) includes learning-by-doing in a life-cycle model. The return to work now consists of the
wage and the value of the human capital generated as a by-product. Her estimates also imply that
the return to an hour of work substantially exceeds the observed wage for young workers, but
much less so for older workers.

Thesemodels share twokey properties: (a) The observed wage is less than the true price of time
for young workers, and (b) the observed wage grows more quickly than the price of time over the
life cycle. Notably, neither Heckman (1976) nor Shaw (1989) directly assesses the implication of
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these properties for estimates of preference parameters and labor supply responses. This issue is
addressed by Imai&Keane (2004), who argue that abstracting from human capital accumulation
would downwardly bias estimates of g.

To illustrate the logic, assume wages evolve according to

wtþ1 ¼ 1þ k
Xt�1

j¼1

ht�j

 !
w1, ð12Þ

where k> 0, andw1 is the individual’s wage when first entering the labor market. A unit increase
in ht raises wt by kw1 in all future periods.10 In this model, the return to an hour of work, which
Imai & Keane call the opportunity cost of time (OCT), consists of the current after-tax wage plus
the expectedpresent valueof increased (after-tax) earnings in all future periods. Imai&Keane refer
to this second component as the human capital term. The optimality condition for an interior
solution equates the marginal rate of substitution between consumption and leisure to the OCT.
Assuming the utility function from the benchmark model of Section 2, this gives

ah
1
g
t

c
�1
h

t

¼ wt 1� ttð Þ þ Et

XT�t

j¼0

kw1htþ1þj 1� ttþ1þj
� �

1þ rð Þ1þj . ð13Þ

A model without human capital equates the marginal rate of substitution to the after-tax wage
itself. The human capital term creates a wedge between the OCT and the after-tax wage. Im-
portantly, this wedge declines with age owing to the shrinking time horizon for recouping returns
to human capital investment.11

Figure 1 displays (stylized) life-cycle profiles for male wages and earnings, in addition to the
OCT and human capital curves described above. The wage rate exhibits the familiar hump shape
found in many studies (i.e., wages grow rapidly early in the life cycle, peak in the forties, and then
decline).12 Annual work hours also have a hump shape but with much less curvature (see, e.g., the
descriptive regressions in Pencavel 1986). Graphically, the OCT curve is the vertical sum of the
wage and human capital curves. Because the human capital curve declines with age (owing to
shrinking in the remaining horizon and possibly decreasing returns to accumulating human
capital), the OCT curve is much flatter than the wage curve.

The intuition for why ignoring human capital downwardly biases estimates of g is now
straightforward. Viewed through the lens of a MaCurdy (1981)–type model with exogenous
wages, the relatively slow growth in hours relative to wages over the first half of the life cycle can
only be rationalized if workers are very unwilling to substitute labor intertemporally, implying
a small value for g.13 In contrast, in Imai&Keane (2004), it is the slope of the hours curve relative

10Heckman (1976), Shaw (1989), and Imai & Keane (2004) all assume much more complex human capital production
functions than reflected in Equation 12. For instance, they all allow for complementarity between human capital and hours of
work. This captures the empirical regularity that returns to work experience are greater for high-skilled workers.
11LikeHeckman (1976) and Shaw (1989), Imai&Keane (2004) find that theOCT exceeds thewage by 50–100% forworkers
in their twenties but is only modestly greater than the wage for workers in their forties.
12Note that the wages of more educated workers tend to grow more and peak later.
13The male labor supply literature typically ignores older males to avoid dealing with corner solutions (i.e., retirement).
Estimates of g are thus roughly equal to the ratio of the slope of the hours curve to the wage curve prior to approximately age
50. Empirically, this ratio is approximately 0.25–0.30, which explains the bunching of Frisch elasticity estimates in that range (see
Keane 2011 for more details).
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to the OCT (rather than the wage) that matters for estimating g, thus implying a much larger
estimate of g. Indeed, Imai & Keane estimate that g ¼ 3.8.14

Importantly, and in contrast toMaCurdy (1981), human capital breaks the direct link between
g and the Frisch elasticity. Indeed, simulations reported in Imai&Keane imply that the elasticity of
hours with respect to an anticipated transitory wage change is 0.30 at age 20, much less than one
might have expected, given that g¼ 3.8. Intuitively, a youngworker is notmuch inclined to reduce
labor supply in response to a transitory wage cut because of the negative implications for future
human capital, implying that human capital dampens the response to temporary wage changes.

Another key prediction of the human capital model is that labor supply elasticities with respect
to (anticipated) transitorywage changes increase steadily with age. The estimates in Imai & Keane
(2004) imply that this elasticity increases to roughly 0.44 at age 30, 0.66 at age 40, 1.1 at age 50,
and 2.0 at age 60.Why does this elasticity increase with age? The answer is that the gap between g
and this elasticity is determined by the gap between the wage and OCT. As shown in Figure 1 and
noted above, this gap (i.e., the human capital term) decreases with age. Intuitively, the dampening
effect of human capital decreases as a worker ages, and human capital accumulation becomes less
important.

It follows that any downward bias in labor supply elasticity estimates due to ignoring human
capital should be minor for older individuals. Consistent with this, it is interesting that French
(2005), in a study of retirement behavior, estimates a large labor supply elasticity for 60-year-olds
in the Panel Study of Income Dynamics (PSID) (i.e., approximately 1.3).

H
ou

rs
, w

ag
e

HC

Hours

OCT = Wage + HC

Wage

Age

Figure 1

Hours, wages, and price of time over the life cycle. Human capital (HC) denotes the return to an hour of work
experience, in terms of increased present value of future wages. The opportunity cost of time (OCT) isWageþ
HC. Figure reproduced from Keane & Rogerson (2012).

14Imai & Keane’s sample consisted of white males from the National Longitudinal Survey of Youth 1979 (NLSY79), ages
20–36. As the focus is on labor supply, they were required to have finished school.

97www.annualreviews.org � Reconciling Micro and Macro Labor Supply Elasticities



Human capital also has distinctive implications for the impact of permanent changes in wages
or taxes. In the benchmark model of Section 2, the Hicks andMarshall elasticities are gh/(h þ g)
and g(h� 1)/(hþ g), respectively, and as g> gh/(hþ g)> g(h� 1)/(hþ g), we have that Frisch>
Hicks>Marshall. Because adding human capital alters the mapping from preference parameters
to elasticities, this implication no longer necessarily holds. For example, given the Imai & Keane
(2004) estimates of g ¼ 3.8 and h ¼ 1.3, the benchmark model would imply a Hicks elasticity of
approximately 1.0. However, using the Imai&Keanemodel to simulate a permanent tax increase
(with proceeds distributed lump sum) yields a Hicks elasticity of only 0.64 at age 20.15

Two aspects of this result are striking. First, for young workers, the human capital mechanism
substantially reduces theHicks elasticity relative towhat the benchmarkmodel would imply given
these utility parameters. Second, this is more than twice the impact of an anticipated temporary
wage change for a worker at age 20, which as noted above is 0.30. This contradicts a strong
prediction of the benchmarkmodel (i.e., Frisch>Hicks) and the broader conventional wisdom in
economics that temporary price changes have larger effects on demand than do permanent ones
(owing to intertemporal substitution).

How can permanent tax changes have larger short-run effects than anticipated transitory tax
changes? From Equation 13, a transitory tax affects only the current after-tax wage, which is just
one component of the OCT. But a permanent tax also affects the human capital term, giving
a larger overall effect on the OCT. Intuitively, with endogenous wages, a permanent tax increase
creates an extra work disincentive, as it reduces both the current wage and the return to human
capital investment.

However, the income effect of a permanent tax is a force working in the opposite direction.
Keane (2009) notes the possibility that a permanent tax change (either compensated or un-
compensated) could have a larger effect on current labor supply than a temporary one could. Using
a simple two-period model, he shows that this occurs if and only if the return to work experience
(the human capital effect) is large enough relative to the income effect. Whether effects of per-
manent tax changes can exceed those of transitory changes is thus an empirical question.

In the Imai & Keane model, elasticities with respect to transitory tax changes grow with age.
They start to exceed elasticities with respect to permanent compensated tax changes once workers
are in their forties. This is consistent with the result in Keane (2009); as workers age, the return to
human capital investment falls, so the human capital effect can no longer dominate the income
effect.16

As with temporary tax changes, the effects of permanent tax changes on current labor supply
differ greatly depending on aworker’s age when the tax is implemented. For instance, for workers
in their twenties, thirties, and forties, the elasticities with respect to permanent compensated
(surprise) tax increases are in the range of 0.45–0.64. But for workers in their fifties and sixties,
these Hicks elasticities grow substantially, reaching 0.84 at age 50 and 2.0 at age 60. This growth
occurs because, for older workers, human capital concerns no longer dampen the Hicks elasticity.

It is also of interest to ask how permanent changes in taxes affect labor supply, not just in the
current period, but also over the rest of the life cycle. Simulating a permanent (compensated) 5%
tax increase that takes effect at age 25 in the Imai& Keane model yields hours reductions of 2.7%
at age 25, 5.1% at age 45, and 19.3% at age 60.

15Similarly, the utility parameters imply aMarshallian elasticity of 0.2, but themodel implies only 0.1.We thank Susumu Imai
for providing us with these permanent tax simulations, which were not given in the original Imai & Keane (2004) article.
16Although theoretically possible, simulations of the Imai & Keane model do not show Marshallian elasticities exceeding
Frisch elasticities at any age. The income effect of such taxes is too strong.
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This increasing labor supply response with age occurs for two reasons. First, as a worker ages,
the after-tax wagemakes up a larger fraction of theOCT, so a given tax has a larger direct effect.17

Second, the higher tax reduces the rate of human capital accumulation, creating a feedback loop: If
a worker reduces labor supply at time t, he or she has less human capital at time tþ 1, causing him
or her to work even less at time t þ 1, leading to a lower wage at t þ 2, and so on. In the above
simulation, aworker’s pretaxwage is reduced by 1.0%at age 40, 3.6%at age 55, and 7.5%at age
60 relative to thebaseline, so eventually, the pretaxwage reductiondue to the tax increase is greater
than the tax increase itself.

An important implication, emphasized inKeane (2009), is that in a model with human capital,
changes in taxes cannot be viewed as a source of exogenous variation in after-tax wages. Be-
havioral responses to tax changes alter the life-cyclewage path itself.Or, as noted by Imai&Keane
(2004), in the human capital model, there is simply no such thing as an exogenous wage change.18

It follows that observed labor supply responses to exogenous changes in tax rates have no clear
structural interpretation.

Lastly, we consider the elasticity of lifetime hours of work. Simulating the impact of different
permanent tax regimes in the Imai & Keane model yields uncompensated (Marshallian) and
compensated (Hicks) elasticities of approximately 0.4 and 1.3, respectively. These values are quite
large compared to typical estimates from models without human capital and exceed the values
implied by the benchmarkmodel given the sameutility function parameters,which are 0.2 and1.0.
Although human capital dampens labor supply responses to transitory tax changes, it magnifies
the impact of permanent changes.

3.2. Borrowing Constraints

In a model with credit constraints, reallocation of hours across time may require reallocating
consumption across time, and the willingness to substitute labor intertemporally may be limited
by the willingness to reallocate consumption.19 Technically, the Frisch elasticity, defined as the
change in hours in response to a change in the wage, holding the marginal utility of consumption
fixed, no longer exists; any reallocation of hours to the current period and away fromother periods
will reduce the marginal utility of consumption in the current period while increasing it in other
periods. Nevertheless, the more general concept of an intertemporal elasticity of substitution in
labor supply still exists.

Domeij & Floden (2006) argue that credit constraints may explain why researchers obtain low
estimates of the intertemporal elasticity of substitution when estimating equations like Equation
10. Consider a worker who experiences a temporary negative wage shock. Absent credit market
frictions, he or shewould reduce hours today and either borrowagainst future incomeor rundown
current wealth to smooth consumption. But if borrowing is not possible, and the person has little
or no wealth, the only way to smooth consumption is by increasing current labor supply. Thus,
borrowing constraints may actually reverse the sign of the labor supply response, at least for

17This is the same reason that effects of transitory tax increases are greater for older workers.
18This implies that nothing short of full structural estimation of the joint labor supply/human capital investment process is
adequate for estimating preferences and structural labor supply elasticities.
19Decisions about consumption and hours also do not separate if hours and consumption are complements in utility (see
MaCurdy 1983). If the degree of complementarity is great enough, consumption will closely track hours. Thus, a positive
association between consumption and labor incomemight suggest that individuals are credit constrainedwhen in fact they are
not (see Heckman 1974 for a discussion of this issue).
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workers with low wealth. If such workers are prevalent in the data, it will attenuate the estimated
hours response to wage changes.

Domeij& Floden argue that credit constraints are important in the US economy and that many
households hold little wealth. That many households hold little wealth is well established em-
pirically (see Deaton 1991 or Díaz-Giménez et al. 1997). Whether households are truly credit
constrained ismoredifficult to determine. Indeed, the literature on testing for the existence of credit
constraints is rather controversial, and there is no consensus on whether they are quantitatively
important.20 Here, like Domeij & Floden, we simply assume their existence and examine their
implications for labor supply elasticities.

Domeij & Floden (2006) assume the same period utility function as in the benchmarkmodel of
Section 2, but the flow budget equation is now

Ait ¼ ð1þ rÞ Ait þwithit � cit½ �, Ait � 0: ð14Þ

The stochastic process for wages is

logwit ¼ ct þ zit, where zit ¼ rzit�1 þ ɛit. ð15Þ

MaCurdy’s (1981) instrumental variable (IV) procedure to estimate g in Equation 10 does not
require one to specify a particular wage process. However, once we introduce extensions such as
human capital or credit constraints, it becomes necessary to specify the complete model, including
the wage process.

Let fit denote the marginal utility of borrowing for person i at time t. Of course, fit is
zero when optimal assets are positive, but it is positive if the optimal asset level is negative
(i.e., the nonnegativity constraint binds). The marginal utility of consumption evolves ac-
cording to

D log lit ¼ logbð1þ rtÞ � fit�1

lit�1
þ jit, ð16Þ

and Equation 10 becomes

D log hit ¼ gDwit 1� titð Þ � g
fit�1

lit�1
� g logb 1þ rtð Þ þ agDXit þ gDɛit. ð17Þ

The term fit�1/lit�1 can be interpreted as an omitted variable in the conventional IV esti-
mation method. Higher expected wage growth from t � 1 to t tends to increase the marginal
utility of borrowing at time t� 1. That is, ceteris paribus, a steeper future wage profile increases
one’s desire to borrow against future income to finance current consumption. Thus, fit�1 is
positively correlated with expected wage growth. Higher expected wage growth from t � 1 to t
also increases the worker’s perceived wealth, and this reduces the marginal utility of con-
sumption at time t � 1. Thus, the entire term fit�1/lit�1 is positively correlated with expected
wage growth.

Moreover, as is evident from Equation 17, the term fit�1/lit�1 has a negative effect on hours
growth. Intuitively, when people are liquidity constrained (i.e.,fit�1> 0), they tend to workmore
than they would if they could borrow against future income. Thus, fit�1/lit�1 is positively

20Notable papers in this literature includeZeldes (1989), Jappelli (1990), Keane&Runkle (1992), Hubbard et al. (1995), and
Keane & Wolpin (2001).
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correlated with expected wage growth and negatively correlated with hours growth. Hence, its
omission will lead to downward bias in estimates of g.21

Domeij & Floden (2006) set {r, sɛ, sc} ¼ {0.90, 0.21, 0.34} based on estimates in Floden &
Linde (2001). The values of r and sc imply a high degree of persistence in wages. To assess the
impact of credit constraints, it is crucial to use a reasonable value for the variance of transitory
wage shocks. The value sɛ ¼ 0.21 is plausible if a large fraction of observed wage variation results
frommeasurement error. They set g¼ 0.50, so that without credit constraints, the Frisch elasticity
would be 0.5.22

Domeij& Floden simulate data from the model and apply the MaCurdy (1981) IV estimation
procedure to these data. Using the full sample, they estimate g ¼ 0.23. Restricting the sample to
observations with positive assets, they obtain g ¼ 0.44. And further restricting the sample to
observations with assets above the sample mean, they obtain g ¼ 0.50. This suggests that credit
constraints can substantially reduce estimates of g.

Unfortunately,Domeij&Floden (2006, p. 250) fall into an interpretation errorwhen they state
that “ignoring liquidity constraints . . . the estimated elasticity is then 0.23 . . . [while] the true
elasticity is 0.50.” As we emphasize above, once one extends the basic life-cycle model to include
features such as human capital or credit constraints, there is no longer a direct mapping from
regression coefficients in Equation 10 to the preference parameter g or the Frisch elasticity. Thus,
what they should conclude is that the failure to take credit constraints into account can lead to
downward biased estimates of g.

Domeij& Floden also report estimates of the intertemporal elasticity using PSID data on male
household heads. Using the full sample and aMaCurdy (1981)–type IV procedure, they obtain an
elasticity of 0.42. But restricting the sample to households with liquid wealth equal to at least one
month’s income, the estimate increases to 1.28. These results are again consistentwith the idea that
the preference parameterg is considerably larger thanprior estimates suggest. Another implication
is that labor supply responses may be much more elastic for higher-wealth workers. As such
workers make up a disproportionate share of the tax base, the elasticity of revenue with respect to
taxes may substantially exceed that of labor supply.

However, the standard errors on their PSID estimates are quite large. A 95% confidence in-
terval takes it from near zero to two, and a formal test would probably not reject equality of the
estimates in the two samples. This is a manifestation of the weak instrument problem (i.e., the age/
education polynomials they use as instruments do not predict wage changes very well).

A related paper is by Low (2005), who explores the implications of uninsurable wage risk for
the life-cycle path of labor supply. Young workers know that the average life-cycle wage path has
a hump shape like that in Figure 1 but also perceive that there is considerable idiosyncratic
uncertainty about the extent of life-cycle wage growth they will experience and that there is no
insurance against this uncertainty.Hence, if there is a strong precautionarymotive, youngworkers
will not choose to borrow against expected future income to finance higher consumption. Fur-
thermore, youngworkerswill have an incentive towork relatively long hours despite lowwages to

21A subtle point is that the credit constraint variablefit�1/lit�1 is endogenous in Equation 17. It is not correlated with the error
component jit because jit is by definition a surprise not known at t� 1.However,fit�1/lit�1 can be correlatedwith the change
in tastes forworkDjit, as thesemay be expected at t� 1. If aworker expects his or her tastes for work to increase from t� 1 to t
(e.g., the worker is recovering from an illness), then he or she would want to borrow more at t � 1. Thus, even if fit�1/lit�1

could bemeasured (and some authors have attempted this by including proxies for credit constraints), it must be instrumented
to estimate Equation 17.
22These parameter values, alongwithh¼ 2/3, match the feature of the US data that the bottom 40% of households hold only
1.4% of wealth.
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build up a buffer stock of assets that serves as self-insurance against the potential adverse shocks to
life-cycle wage growth.

The essential idea of Low’s (2005) model can be seen in his figure 6. In a simulation in which
workers have certainty about thewage path, hours rise steeply over the life cycle aswages increase.
However, with the introduction of uncertainty, hours are much higher at young ages, and hours
growth is greatly attenuated.

A researcher who looked at data generated from Low’s model using MaCurdy (1981)–type
methods to estimate equations like Equation 10 would again conclude that the value of the
preference parameter g was quite small. Hence, if the insurance mechanism that Low describes is
quantitatively important, it is again the case that the preference parameter g may be considerably
larger than prior estimates suggest. Now, consider a policy that enhanced social insurance, such as
more generous insurance against unemployment or health risks (or against any other outcomes
thatmight lead to negativewage shocks inmiddle age). In Low’smodel, this should induceworkers
to work substantially fewer hours when young. Unfortunately, Low did not use his model to
explore such policy simulations.23

Although closely related, Low (2005) and Domeij & Floden (2006) focus on distinct mech-
anisms; in the former, young workers do not borrow against future income because they do not
want to, whereas in the latter they do not borrow because they cannot. This illustrates why credit
constraints are difficult to identify empirically: They generate behavior that looks very similar to
that generated by several other mechanisms: a strong precautionary motive, complementarity of
consumption and hours, time-varying tastes for work/consumption, etc.

3.3. Optimization Frictions

Chetty (2012) argues that abstracting from fixed costs of adjusting labor supply may also
downwardly bias labor supply elasticities. These fixed costs may be time costs (e.g., paperwork,
finding a new job with different hours), psychic costs (e.g., doing the mental calculations to
reoptimize when tax rates change), or information costs (e.g., people may not notice small tax
changes).

Unlike the papers discussed above, Chetty does not actually solve or estimate an extension of
a basic labor supplymodel that incorporates them. Rather, he attempts to bound themagnitude of
the bias in elasticity estimates that might be attributed to ignoring fixed costs. Basically, he asks,
Assuming that when taxes change, people do not adjust labor supply if the resultantwelfare gain is
less than some small fraction (d) of consumption (where that fraction represents the fixed cost),
what is the implied bias in conventional elasticity estimates?24

Chetty (2012) argues that elasticity estimates are likely to be biased downward, perhaps
substantially. This result stems from an asymmetry in how adjustment costs affect behavior
when elasticities are high versus low. If the elasticity is large, then the objective function is fairly
flat in the vicinity of optimal hours, so a sizeable departure from optimal hours causes only
a small welfare loss. So, even if labor supply elasticities are large, we may observe small labor

23Alonso-Ortiz & Rogerson (2010) study an infinitely lived agent model with precautionary savings and find that this type of
effect is large. That is, social insurance has a particularly large negative effect on the labor supply of low-productivity workers
with low asset holdings.
24Although the idea of consumers not putting in themental effort to adjust when the gains would be small has intuitive appeal,
it runs into a logical lacuna in practice: One has to calculate the gain in the first place to determine if it would be small. So, if one
has to do themental effort anyway, why not adjust? This is not to say thatmental effort is not important, only that it is difficult
to model formally.
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supply responses to taxes provided there are small adjustment costs. In contrast, if labor supply
elasticities are truly small, adjustment costs provide no mechanism that would lead us to infer
they are large.

To proceed, assume a simple quasi-linear utility function,

Ui ¼ whi 1� tið Þ � a

1þ 1
g

h
1þ 1

g
i . ð18Þ

As there are no income effects, the Marshall, Hicks, and Frisch elasticities are equivalent.
Optimal hours are

h�t ¼
1� tð Þw

a

� �g
, ð19Þ

and utility evaluated at the optimum is

U h�t
��tt� � ¼ 1

1þ g

1
a

� �g
½ 1� ttð Þw�1þg

. ð20Þ

Consider a change in (1 � t). The impact on utility can be decomposed into the direct
effect of the change, holding h fixed, plus the effect induced by the behavioral response of
changing h:

U h�tþ1

��ttþ1

� ��U h�t
��tt� � ¼ ½U h�t

��ttþ1

� ��U h�t
��tt� �� þ ½U h�tþ1

��ttþ1

� ��U h�t
��ttþ1

� ��. ð21Þ

FromEquation 18, the first term on the right-hand side is justwh�tDð1� tÞ, the change in c holding
h fixed. The second term, the hours adjustment term, is a second-order effect that can be ignored in
the case of small tax changes. FromEquation 20, we have that

�
dUðh�t jttÞ

�
=
�
dð1� ttÞ

� ¼ wh�t , so�
d2Uðh�t jttÞ

�
=
�
dð1� ttÞ2

� ¼ gwh�t =ð1� ttÞ. Thus, using a Taylor series approximation, we have
that, to second order,

U
�
h�tþ1

��ttþ1

��U
�
h�t
��tt� ¼ wh�tDð1� ttÞ þ

1
2
g

wh�t
ð1� ttÞDð1� tÞ2. ð22Þ

Now assume a worker will not adjust hours if the utility gain is less than a fraction d of
consumption:

U h�tþ1

��ttþ1

� ��U h�t
��ttþ1

� � ¼ 1
2
jU00 h�t
� �j h�tþ1 � h�t

� �2
< dwh�t 1� tt

� �
. ð23Þ

With quasi-linear utility, one obtains jU00ðh�t Þj ¼ að1=gÞðh�t Þ
1
g�1

. Assuming that hours were at
their optimal level at t, we obtain a bound on the maximum percentage deviation of hours at tþ 1
from their optimal level:

h�tþ1 � h�t
h�t

< 2gd½ �1=2. ð24Þ

Chetty (2012) uses this bound to derive bounds on elasticities. As the estimated elasticity is the
observed percent change in hours divided by the percentage change in (1 � t), it is clear that the
observed elasticity in a study may depart from the true one by 6[2gd]1/2/D log(1 � t), assuming
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workers start at an optimum at time t.25 As the change in tax rates appears in the denominator, the
bounds are wider for smaller tax changes.26

This argument suggests that estimates of labor supply elasticities in different contexts could
lead to a range of estimated elasticities even if the true underlying elasticity were the same in all
cases. Specifically, Chetty argues that estimates from contexts in which wages or taxes changed
relatively little might be expected to generate elasticity estimates biased toward zero, so that the
true value of thepreference parametergmight be significantly larger than the estimated coefficient
on wages or taxes.

A good illustration of this point is Chetty’s analysis of MaCurdy (1981), assuming d ¼ 0.01.
Even thoughMaCurdy (1981) estimates an intensive margin elasticity of only 0.15, his estimate is
consistent with a structural elasticity as large as g ¼ 1.20. The reason is thatMaCurdy’s estimates
are identified from changes in wage rates of approximately 10%, which is not big enough to
overcome small frictions. As another example, Blundell et al. (1998) estimate labor supply
elasticities for employed married women, by exploiting UK tax rate variation from 1978 to 1992
and find a compensated elasticity of 0.20. Chetty (2012) derives bounds on their estimate that
range from essentially 0 to 2.04. Themessage is that if we admit the possibility of small adjustment
costs, then the best known micro data studies that have estimated small (intensive margin)
elasticities do not actually rule out large elasticities (although they do not rule them in either!).

Chetty also applies hismethodology to the data used in Prescott (2004) to identify labor supply
elasticities based on differential aggregate hours and tax rate changes between the United States
and the United Kingdom from 1979 to 1996. Here the bounds are 0.42–2.14. They are tighter
because the relative tax changes were quite large. In fact, this turns out to be one of the most
informative studies that Chetty examines in the sense of generating a relatively large lower
bound.27

3.4. Summary

Adding empirically plausible features to the simple benchmark model of Section 2 can drastically
alter the mapping from coefficients in a prototypical regression equation such as Equation 10 to
underlying preference parameters. The literature suggests that accounting for human capital,
liquidity constraints, uninsurable wage risk, and adjustment costs causes conventional econo-
metric methods to understate both the willingness of workers to substitute leisure intertemporally
(as captured by the preference parameter g) and the implied labor supply responses to changes in
wages or taxes.

Our presentation considers each of these extensions to the benchmark framework in isolation
to emphasize the distinctive economic forces in each case. It is of interest for future work to
consider these extensions jointly, both to evaluate how they interact and to assess their relative
importance. Integrating human capital accumulation, credit constraints, and precautionary sav-
ings motives into the benchmark life-cycle model seems both natural and straightforward. In-
tegrating the optimization frictions in Chetty (2012) into a structural life-cycle model is less

25If that assumption is not invoked (as is the case in Chetty 2012), the width of the bounds doubles.
26Because the bounds dependon the elasticity g itself, we obtain an implicit equation, which Chetty (2012) solves to obtain an
explicit expression for the bounds. In this expression, the square of the percentage change in the tax rate appears in the
denominator.
27Of course, other factorsmay have shifted labor supply in these countries over the sample period. Just as estimates frommicro
data face several econometric issues, omitted factors is a key issue for estimates using aggregate data.
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straightforward, as this would require taking a stand on the exact nature of the optimization costs.
In some cases, the effects we have studied may partially offset each other; for example, if human
capital accumulation concerns lead youngerworkers toworkmore hours, then the impact of credit
constraints may be less relevant. Based on existing work, it is our view that the inclusion of human
capital accumulation as a way to account for life-cycle changes in wages is of paramount im-
portance for the analysis of labor supply.

4. AGGREGATE LABOR SUPPLY IN MODELS WITH EXTENSIVE MARGIN
ADJUSTMENT

The previous section summarizes how extensions of the benchmarkmodel can influence estimates
of thepreference parameterg. This section summarizes a class of models in which the estimate of g
from micro data has little or no influence on the value of aggregate elasticities. The key feature of
this class of models is the presence of an operative extensive margin.28

4.1. Indivisible Labor Models

The starting points for our discussion are the indivisible labor papers by Hansen (1985) and
Rogerson (1988),who study homogeneous agentmodels inwhich all adjustments at the individual
level were assumed to occur at the extensive margin (i.e., the intensive margin was fixed by as-
sumption). Specifically, individuals had preferences given by

X1
t¼0

bt�uðctÞ þ vð1� htÞ
�
,

but the choice of ht was restricted to zero or ĥ. A key result was that, assuming a set of markets
sufficiently rich to decentralize optimal allocations, aggregate allocations in this economy were
identical to those that would emerge from an economywith a representative household that made
all labor supply adjustment at the intensive margin but had preferences given by

X1
t¼0

bt�uðctÞ � aht
�
,

where a is a constant.29 This equivalence result says that the economy behaves as if there were
a representative household choosing hours along the intensive margin but with an infinite Frisch
elasticity. Importantly, this is independent of the function v(1 � h) that described the true
preferences of individuals in the economy, implying a disconnect between estimated parameters of
v() and aggregate behavior.

One issuewith this result is that it assumes identical households. BothCho (1995) andMulligan
(2001) demonstrate theoretically that the implication of an infinite Frisch elasticity for aggregate
labor supply is not robust to including heterogeneity. More generally, the Frisch elasticity for

28Heckman (1984) was an early proponent for the development of labor supply models that include an extensive margin to
better understand aggregate labor supply.
29Early derivations of this result assumed that individuals could trade employment lotteries in equilibrium. Ljungqvist &
Sargent (2007, 2008) show that “time averaging” is a perfect substitute for lotteries if an individual has access to credit
markets.
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aggregate labor supplywould depend on the nature and extent of heterogeneity. A key issuewas to
assess the implications of empirically relevant sources of heterogeneity.

A quantitative analysis of this issue was undertaken by Chang & Kim (2006).30 They consider
an aggregatemodel inwhich labor supply is indivisible but also assume that individuals are subject
to idiosyncratic shocks and face incomplete markets for credit and insurance. Households consist
of a male and a female, with household preferences given by

X1
t¼0

bt

2
6642 logð:5ctÞ � am

h
1þ 1

g
mt

1þ 1
g

� af

h
1þ 1

g
ft

1þ 1
g

3
775,

where ct is household consumption, and hmt and hft are hours worked by the male and female
household member, respectively. Each individual can only supply zero or ĥ units of labor in
any period. Individual productivity, denoted by xt, is stochastic and follows the stochastic
process

logxjtþ1¼ rj logxjt þ ɛjtþ1, j ¼ m, f . ð25Þ

The process is the same for all individuals of a given gender, and innovations are independently
and identically distributed across individuals. A worker of productivity xt has labor earnings
wtxtĥ if working, where wt is the wage per efficiency unit of labor.

The production side of the economy is standard: A Cobb-Douglas aggregate production
function uses capital and efficiency units of labor; output can be used as either investment or
consumption; and capital depreciates at a constant rate d.

Each period, there are competitive markets for capital and labor services, as well as output.
There are no markets for insurance against idiosyncratic shocks, so as in Aiyagari (1994) and
Huggett (1993), individuals accumulate capital to self-insure. Household capital holdings cannot
go below a.31

Chang & Kim (2006) calibrate this model and show that it does a reasonable job of capturing
cross-sectional heterogeneity in earnings and wealth.32 Over time, individuals move between
employment and nonemployment. The authors do not ask whether the model produces empir-
ically reasonable patterns for these transitions, but recent work has shown this to be the case.33

Chang&Kim proceed to study the properties of individual and aggregate labor supply in their
calibrated model. First, they consider a sample of 50,000 households in the steady state, simulate
their histories for 120 quarters, and then aggregate the observations to annual frequencies. In the
spirit of Altonji (1986), they run a panel regression of the following form using individuals with
positive hours in each year:

loghit ¼ gðlogwit � log citÞ þ ɛit. ð26Þ

30Additional issues are explored in Chang & Kim (2007) and An et al. (2009).
31There are no markets for employment lotteries in this economy.
32As is well known, the model cannot capture the concentration of wealth in the upper 1% of the wealth distribution.
33Chang et al. (2011, 2014) examine this in a slightly more general model. Krusell et al. (2010, 2011) further extend this
analysis by including search frictions and considering movements between employment, unemployment, and out of the labor
force, although they consider single individual households.
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They obtain estimates of g equal to 0.41 and 0.78 for males and females, respectively. The key
finding is that standard labor supply regressions on individual data generated by the model yield
relatively small estimates of the labor supply elasticity parameter for men, although a moderate
estimate for women.

Second, Chang&Kim subject the economy to an AR(1) aggregate technology shock, simulate
the economy for 30,000quarters, compute aggregates, and run the regression inEquation 26using
aggregate time-series data. The resulting estimate for g is now 1.08.

Third, they consider a stand-in household model with preferences of the form

X1
t¼0

bt

2
4logðctÞ � ~a

h
1þ 1

~g
t

1þ 1
~g

3
5,

where ht is now allowed to take on any value in the interval [0, 1]. Assuming the same process for
aggregate technology shocks, Chang & Kim find that a ~g of approximately 2 generates fluctu-
ations in aggregate hours that are the same as in the heterogeneous agent economy. That is, using
a stand-in household model to mimic the business cycle statistics for the heterogeneous agent
economy requires a value of ~g that is roughly five times as large as the estimate based on individual
data for male workers.

In summary, the presence of empirically reasonable heterogeneity in this model does indeed
have a dramatic effect on the implied aggregate elasticity, lowering it from infinity to approxi-
mately 2. Nonetheless, the model still delivers a substantial disconnect between the labor supply
elasticity obtained using standard methods on micro data for continuously employed individuals
and the aggregate elasticity. And although the aggregate elasticity is not infinite, the value of 2 is
still large.

Related work has examined how aggregate hours in this framework react to the simple tax and
transfer program studied in Section 2. Alonso-Ortiz & Rogerson (2010) use a single-agent
household version of the Chang & Kim model and find a large response in aggregate hours,
in fact, somewhat larger thanwhat is implied by a stand-in householdmodelwith a Frisch elasticity
of 2. Ljungqvist&Sargent (2007, 2008) consider amodel inwhich individuals have finite lives, are
subject to a stochastic learning-by-doing technology, and face a discrete labor supply choice.
Although they find that aggregate hours respond similarly to what is found in models that
abstract from human capital accumulation, human capital accumulation has distinct pre-
dictions for the identities of which individuals choose not to work as the tax and transfer
program is expanded. Assessing the extent towhich these predictionsmatchwhat is found in the
data is an open issue.

4.2. Models with Intensive and Extensive Margin Adjustment

The above models exogenously imposed that all labor supply adjustments occur along the ex-
tensive margin. How important is the extreme assumption that all adjustments take place along
the extensivemargin? To answer this question, we next explore the aggregate properties ofmodels
that feature adjustments along both the intensive and extensive margins. We begin by describing
theanalysis inRogerson&Wallenius (2009), which generalizes themodel in Prescott et al. (2009).
This model can also be viewed as embedding a simplified version of French (2005) into a general
equilibrium setting.
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Consider an individual with the length of life normalized to one and preferences

Z 1

0

�
uðcðaÞÞ � vðhðaÞÞ�da,

where c(a) is consumption at age a, and h(a) is time devoted to market work at age a.34 Individual
productivity varies over the life cycle and is denoted by e(a).

Following Prescott et al. (2009), the key feature of the model is a nonconvexity in the mapping
from timedevoted towork to the resulting labor services:When aworker of age adevoteshunits of
time tomarketwork, it generates labor services ofmaxfh� h, 0geðaÞ.35Withh > 0, themodel can
generate “retirement” as an endogenous outcome, in the sense of aworkerwho switches from full-
time work to no work despite continuous changes in fundamentals.

Letw be the constant wage rate per unit of labor services. Assuming complete credit markets
and a zero interest rate, one finds that the present value budget equation for each individual is

Z 1

0
cðaÞda ¼ w

Z 1

0
max

n
hðaÞ � h, 0

o
eðaÞda. ð27Þ

Rogerson & Wallenius (2009) consider this single-agent problem in the context of a steady-
state equilibrium of an overlapping generations model. For their quantitative work, they adopt
u(c) ¼ log c, vðhÞ ¼ að�h1þ1=g

�
=ð1þ 1=gÞÞ and assume that life-cycle productivity e(a) is

piecewise linear. They consider values of g ranging from0.10 to 2.00 and in each case calibrate the
model to match some key properties of life-cycle labor supply.36

Three key results emerge. First, if one uses the micro data from the model to run a regression of
the form

log
�
hðaÞ� ¼ b0 þ ~glog

	
whðaÞ



þ ɛðaÞ, ð28Þ

the estimated value of ~g is only about half as large as the true underlying value of g. The reason for
this discrepancy is the nonlinearity of the earnings function in hours: The wage per unit of time
wh(a) moves more over the life cycle than does the underlying exogenous productivity profile e(a).

Second, the response of aggregate hours to the permanent tax and transfer policy change
considered in Section 2 is to first order independent of the value of g. Increasing the tax rate from
30% to 50% decreases aggregate hours by approximately 20% for all values of g in the range of
0.10–2.00.

Third,althoughg has virtually no effect on the change in aggregate hours, it determines how the
change in aggregate hours is decomposed into changes in working life versus changes in hours
workedwhile employed.Wheng¼ 2.00, the downward shift in the hours profile accounts for over
60% of the total decrease in hours, whereas when g ¼ 0.10 this figure is less than 5%. If a re-
searcher used the benchmark model from Section 2 to interpret steady-state differences in ag-
gregate hours worked across two Rogerson-Wallenius economies with a low value of g that were
identical except for the scales of the tax and transfer system, he or shewould infer a value of gmore

34Rogerson & Wallenius (2009) abstract from discounting to facilitate an analytic characterization.
35More generally, one could consider specifications in which the marginal wage is a function of the length of the work week.
French (2005) considers both specifications.
36Wallenius (2013) includes endogenous human capital accumulation as in Imai & Keane (2004) and shows that it better
matches the life-cycle profiles for wages and hours. For expositional reasons, we focus here on the simpler model.
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than an order of magnitude larger than the true underlying value of g. The reason is that the
response in aggregate hours includes a response on the extensivemargin, and the implied value ofg
must proxy for adjustment along both margins.37

To summarize, in this life cycle economywith operative intensive and extensive margins, labor
supply elasticities estimated on micro panel data using workers with positive hours are not par-
ticularly relevant in predicting the aggregate effects of permanent changes in taxes. Moreover, the
aggregate elasticity is large.38

Because the model of Rogerson & Wallenius (2009) is somewhat stylized, one may also be
concerned about robustness to allowing for richer and more realistic empirical specifications.
Erosa et al. (2014) go quite far in assessing this. Specifically, they extend the Rogerson-Wallenius
model along many dimensions to match a wide variety of features of wages and hours worked for
males between the ages of 25 and 61. Their analysis allows for multiple sources of heterogeneity
(both idiosyncratic shocks as in Chang & Kim 2006 and fixed effects), multiple nonconvexities
(fixed utility costs of working in addition to nonconvex earnings), time aggregation, search
frictions, and measurement error in wages. Although these features do matter for the empirical
properties of the model and its ability to replicate the salient features of the data, the conclusions
are broadly similar. Their calibrated model generates a Hicks elasticity of 0.44. Although this is
smaller than the values of Rogerson&Wallenius (2009), who found values in the vicinity of 0.75,
the Erosa et al. study does not include the youngest and oldest workers, two groups that are central
to the large Hicks elasticities in Rogerson & Wallenius.

WhereasRogerson&Wallenius consider only howaggregate hours respond topermanent changes
in taxes, Erosa et al. (2014) also solve for the aggregate labor supply elasticity in response to a purely
temporary unanticipatedwage change and obtain a value of 1.75.One result of interest relates to their
simulation of the temporary tax holiday that occurred in Iceland in the late 1980s. Their model does
reasonablywell in capturing the responses found in the Icelandic data, in contrast towhat Chetty et al.
(2013) find based on a simulation of the much simpler model of Rogerson & Wallenius (2009).

In another recent paper, Chang et al. (2014) embed the nonlinear earnings function of Prescott
et al. (2009) into a heterogeneous agentmodel likeChang&Kim (2006) to assess howheterogeneity
and the value of the individual preference parameter g jointly influence the aggregate labor supply
elasticity. A keymessage is that the presence of an operative intensivemarginplays an important role
in influencing how heterogeneity affects the aggregate labor supply elasticity, so that abstracting
from the intensive margin can have important consequences even if the value of g is quite small.

4.3. Summary

In this section we argue that the connection between the individual preference parameter g and
various aggregate labor supply elasticities ismuchmore complex than suggested by the benchmark
model in Section 2.We highlight the importance of accounting for labor supply adjustment along
the intensive and extensive margin and, in particular, how an operative extensive margin breaks
the tight link between the preference parameter g and aggregate labor supply responses.

37Wallenius (2011) provides another context in which this issue arises. She considers a simpler version of the Imai & Keane
(2004) model but includes fixed costs and therefore an endogenous retirement decision. She infers preference parameters
consistent with the average life-cycle profiles for wages and hours along the intensive margin. Although she obtains
a substantially smaller value of g than do Imai & Keane, her model gives similar responses for aggregate hours owing to
the presence of the extensive margin. Loosely speaking, the estimated value of g in Imai&Keane (2004) captures the response
along both margins.
38Kitao et al. (2009) and Ljungqvist & Sargent (2014) argue that the Rogerson&Wallenius (2009) model contains too much
responsiveness on the retirement margin and that many individuals are not at an interior solution with respect to retirement.
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Interestingly, with the exception of Ljungqvist & Sargent (2007, 2008) and Wallenius (2011),
none of the papers in this literature has considered adjustment along the intensive and extensive
margin in amodel that also includes an explicit human capital accumulation decision, and none of
these analyses included an assessment of business cycle responses. Analyzing business cycle
responses in a model that features human capital accumulation as well as operative intensive and
extensivemargins is an important area for future research.As noted in Section 3, the human capital
model alone does not necessarily generate large aggregate labor supply responses to transitory
shocks, even for large values of g, as the human capital accumulation channel dampens the labor
supply response, especially for youngerworkers.We conjecture that adding an operative extensive
margin to the human capitalmodel will increase the aggregate labor supply responses to transitory
shocks in these models as well.

5. ADJUSTMENT ON THE EXTENSIVE MARGIN: EVIDENCE FROM MICRO
DATA

The macro literature surveyed in the previous section essentially shows that one can reconcile
a relatively large aggregate labor supply elasticity with the small estimates of g from micro-
econometric studies if there is sufficient movement along the extensive margin. A key issue in the
micro-macro labor supply controversy is thus whether micro studies estimate large responses on
the extensive margin. Here we survey the literature on this issue.

5.1. Early Work on Structural Models of Participation

To study female labor supply, in which nonparticipation is prevalent, Heckman & MaCurdy
(1980, 1982) modify the utility function in MaCurdy (1981) to

Uitðcit, hitÞ ¼ nith
�1c

1� 1
h

it þ aitg
�1ðHmax � hitÞ

1� 1
g.

Although this generates a reservationwage for participation (themarginal disutility of work is not
zero at full leisure), optimal hours are a continuous function of wages, implying that we should
observe some women who work very low hours if the wage distribution is continuous.

In fact, few women are observed to work small positive hours. To match this pattern, Cogan
(1981) introduces fixed costs of work into a static labor supply model, generating what he calls
a “reservation hours” level. Specifically, consider the quasi-linear utility function

uðc, hÞ ¼ cþ a

�
H � h

�1� 1
g

1� 1
g

.

With w, Y, and m denoting the wage rate, nonlabor income, and the fixed (monetary) costs of
working, respectively, utility as a function of hours worked is

UðhÞ ¼ ðwhþ Y �mÞ þ a

�
H � h

�1� 1
g

1� 1
g

. ð29Þ

Optimal hours conditional on working are
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h� ¼ H �
	w
a


�g

. ð30Þ

Working is optimal if U(h
�
) > U(0), which reduces to

h� ¼ H �
	w
a


�g

>
m
w

þ 1
w

a

1� 1
h

�
H

1� 1
g �

	w
a


g�1
�
¼ hR > 0: ð31Þ

Equation 31 implies that a person works only when optimal hours exceed the reservation hours
level hR.

Cogan (1981) proposes joint estimation of the conditional labor supply function (Equation 30),
anofferwage function, and the reservationhours function (Equation31) using a sample ofmarried
women aged 30–34 from the 1967 NLS Mature Women survey, roughly half of whom worked.
Cogan estimates that fixed costs are substantial (about 28% of average annual earnings).

Cogan’s estimates imply that a 10% increase in the offer wage to the typical nonworking
womanwould not induce her towork, but that a 15% increase would induce her towork 1,327 h.
An additional 15% wage increase would induce an extra 180 h of work (or 13.6%).

Importantly, labor supply can appear to be elastic or inelastic, depending on the initial status of
the person and the magnitude of wage change considered. As in the indivisible labor models
surveyed in the previous section, behavior is not summarized by a small set of preference
parameters or elasticities, and simulation of the full model is required to assess labor supply
responses.

In fact, this property emerges in any generalization of the standard static labor supply model,
which dispenses with a linear budget constraint, such as includingwelfare benefits and progressive
taxation. Indeed, the literature on tax-transfer programeffects on labor supply recognized early on
that, in this context, utility function parameters were no longer tightly linked with any particular
elasticity concept (see, e.g., Blomquist 1983; Burtless & Hausman 1978; Hausman 1980, 1985;
Moffitt 1983).39

Keane & Moffitt (1998) and Keane (1995) illustrate this point. They model labor supply of
single mothers in the United States in the early 1980s, a group that was eligible for Aid to Families
with Dependent Children (AFDC) benefits and food stamps and faced large fixed costs of work
(childcare), generating a complex nonlinear budget constraint. The AFDC program taxed the
earnings of welfare recipients very heavily. Historically, the AFDC tax rate varied between 50%
and 100%, but little labor supply response was observed, so that labor supply appeared inelastic
for singlemothers. Simulations of theKeane-Moffittmodelwere consistentwith this: Evenmassive
reductions in the AFDC tax rate led to little increase in labor supply by AFDC recipients.

However, the Keane-Moffitt model predicts that labor supply of single mothers is very re-
sponsive towage and childcare subsidies, so in this context, labor supply appears to be very elastic.
This reinforces one of the main points emphasized in Section 1 about treating elasticities as
primitive parameters to be exported across studies. Indeed, the predictions of the model are
consistent with the experience of the mid- to late 1990s, when a major shift in welfare policy
toward wage and childcare subsidies led to dramatic labor supply increases among single mothers
(see Keane 2011, pp. 986–89, or Fang & Keane 2004 for more details).

39For instance, as noted by Hausman (1980, p. 161), “structural econometric 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 lowering
the marginal tax rates on labor force participation. The more traditional reduced form models which do not explicitly
parameterize the tax system will be unable to answer such questions.”
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5.2. Life-Cycle Models with a Participation Margin

Kimmel & Kniesner (1998) extend the basic MaCurdy (1981) framework to include fixed costs.
Rather than structurally estimating the model’s primitives, they estimate a life-cycle labor supply
equation analogous to Equation 11 jointly with a participation decision rule and an offer wage
function:

log hit ¼ fhi þ gI logwit þ ahZit þ ɛhit, ð32Þ

Pðhit > 0Þ ¼ F
�
fpi þ ~gP logwit þ apZit

�
, ð33Þ

where fhi captures the marginal utility of wealth, along with any fixed effects in tastes for work; fpi
captures these and any individual heterogeneity in the fixed costs of work; and F is a cumulative
distribution function. Kimmel & Kniesner assume that F is normal, giving a probit model.

There are now twoelasticity concepts of interest:gI is the conventional Frisch elasticity of labor
supply conditional on employment (i.e., the elasticity on the intensive margin), and gP, defined by,

gP ¼ ∂ logPðhit > 0Þ
∂ logwit

¼ ~gP
F0ð×Þ
Fð×Þ , ð34Þ

is a Frisch participation elasticity.
Kimmel&Kniesner (1998) estimate this model using data on 2,428women from the Survey of

Income Program Participation (SIPP), 68% of them married. The data cover nine periods (May
1983 to April 1986). They find that gI¼ 0.66 and gP ¼ 2.39. LetH ¼ Pĥ be average hours in the
population, where ĥ is the average hours of the employed and P is the percentage employed. Then

∂ logH
∂ logw

¼ ∂ logP
∂ logw

þ ∂ logĥ
∂ logw

¼ 0:66þ 2:39 ¼ 3:05: ð35Þ

They also obtain results for men and find that gI ¼ 0.39 and gP ¼ 0.86 so that gI þ gP ¼ 1.25.
In summary, the participation elasticity ismuch larger than the hours elasticity for bothwomen

and men, and the overall elasticity is quite a bit larger for women than for men.40 These results
strongly suggest that failure to account for participation decisions may lead one to substantially
underestimate the overall responsiveness of labor supply to wage changes.

Kimmel & Kniesner (1998) avoid full solution of agents’ dynamic optimization problem by
relying on a participation condition (Equation 33) derived from the first-order condition for hours
evaluated ath¼0.More complex life-cyclemodels that include features such as human capital and
credit constraints cannot be handled so simply, and estimation of such models requires a full-
solution structural approach. This means (a) solving the dynamic optimization problem faced by
agents and (b) finding parameter values such that themodel generates behavior similar to observed
behavior (by some metric).

Eckstein & Wolpin (1989) were the first to adopt a fully structural approach to estimating
female labor supply. Their model includes work decisions on the extensive margin and human
capital accumulation through work experience. Subsequent work has extended this analysis to

40Studies of female labor supply that abstract from the extensive margin typically find modest elasticities. For instance,
Blundell et al. (1998) estimate a life-cycle labor supply model for employed married women using the UK Family
Expenditure Surveys from 1978 to 1992. The United Kingdom reduced tax rates substantially over the period, and the
paper aimed to exploit that variation to identify labor supply elasticities. Their estimates of compensated and uncompensated
wage elasticities at the mean of the data were a modest 0.20 and 0.17, respectively.
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include other important life-cycle decisions, such as marriage (van der Klaauw 1996) and fertility
(Francesconi 2002). Themost comprehensivemodeling effort to date is byKeane&Wolpin (2007,
2010). They extend earlier work to include marriage, fertility, school attendance, part-time work,
and welfare participation as choices. Simulations of their model imply a “long-run” labor supply
elasticity in response to permanent wage changes of approximately 2.8.

This “long-run” elasticity has a very different interpretation from elasticities reported in the
more conventional labor supply literature. First, it measures how a person born into a higher wage
(or lower tax) regimewould be affected once he or she reaches adulthood. Second, aside from labor
supply, the simulation allows for adjustments along several other dimensions. For example, if
a wage increase causes a woman to work more in the current period, she will not only have more
human capital in the next period, but her expected number of children is also reduced, thereby
further enhancing labor supply in the next period, and so on. This is analogous to the feedback
effect of labor supply on futurewages thatwe see in Imai&Keane (2004), but forwomen, there are
additional sources of dynamics, such as fertility, that are likely to be important. Conventional
labor supply studies that treat fertility as given are likely to understate long-run responses to
permanent wage/tax changes.

Finally,Blundell et al. (2013) develop adynamicmodel of female labor supply that incorporates
asset and human capital accumulation and that endogenizes education. Using UK data, they find
substantial Frisch elasticities (0.90 and 0.45 on the extensive and intensive margins) and sub-
stantial Marshallian elasticities (0.50 and 0.38 on the extensive and intensive margins). The latter
are evaluated in the year a permanent unexpected tax change is implemented, so they may un-
derstate the long-run effects implied by the model.

There are fewer structural estimation papers formales that incorporate the extensivemargin as
it has generally been viewed as a less important factor for men, given their high participation rate.
However, research suggests that the extensive margin is important for males who are young, near
retirement, ormembers ofminority groups. For instance, as noted above, French (2005) finds high
labor supply elasticities for older men and attributes this to the extensive margin becoming more
important as they approach retirement.

In a series of papers, Keane &Wolpin (1997, 2000, 2001) study the career decisions of young
men. Their models allow for work decisions on the extensive margin, along with schooling and
occupation choices, all ofwhich influence the evolution of human capital. Keane&Wolpin (2000)
report a simulation in which the rental price of skill for blacks is increased to the same level as
whites, approximately a 6% increase. The percent of blacks who are employed at age 30 increases
from 83.8% to 90.7%. Thus, the implied elasticity with respect to a permanent (uncompensated)
wage increase for black males at age 30 is approximately 8.2/6, or 1.4.

5.3. Summary

The literature on estimating extensive margin elasticities in dynamic structural models is relatively
young.However, based on the existing studies, there appears to be a very consistent pattern of high
estimated labor supply elasticities for women at the extensive margin, as well as for males who
have relatively low participation rates (i.e., the young, the old, and minorities).

6. CONCLUSION

Basedon the surveyof themicro labor supply literature byBlundell &MaCurdy (1999), it is fair to
say that the consensus view among labor economists was (and still is) that labor supply elasticities
are small. In contrast, macroeconomists generally work with equilibrium models in which Hicks
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(or compensated) and Frisch (or intertemporal) labor supply elasticities are quite large (i.e., in the
range of 1–2). In this review, we describe a relatively new literature that seeks to reconcile these
conflicting micro and macro views on labor supply.

This literature can be viewed as consisting of two branches. The first focuses on the micro
perspective. In the basic life-cycle labor supply model of MaCurdy (1981), the only source of
dynamics is borrowing/saving. Several authors have considered extensions of thismodel to include
other potentially important sources of dynamics, such as human capital and credit constraints.
Some work has also allowed for corner solutions in labor supply. This work has shown that if the
true model (or data-generating process) contains such mechanisms, but the data are viewed
through the lens of the basic model, then estimates of labor supply elasticities will tend to seriously
understate their true values.

The second branch focuses on the macro perspective. This literature emphasizes issues of ag-
gregation in the presence of the extensive margin and worker heterogeneity. This literature has
shown that small (intensive margin) elasticities at the individual level are consistent with large
elasticities at the aggregate level.

These two literatures share one key point in common. In the basic life-cycle model ofMaCurdy
(1981), there is a direct link between individual-level preference parameters and labor supply
elasticities at the aggregate level. All the extensions to the basicmodel thatwe describe above break
that direct link. This is not to say that individual preference parameters no longer matter. But, in
general, labor supply elasticities also depend onmany other aspects of the economic environment:
thewageprocess, the functioning of creditmarkets, the technologyof job search/hours adjustment,
the production technology (i.e., how productivity varies with hours), and so on.

In this complicated world, estimation of individual preferences alone is not adequate to model
labor supply. Predicting the effects of changes in wages and/or taxes and transfers will generally
require structural modeling of the complete economic environment. Given the difficulty of such
exercises, it is tempting to resort to an experimental approach of cataloging responses to observed
tax changes. But in our view, this would be misguided. As shown above, even in simple models,
changes in after-taxwages can have very different effects on labor supply, depending on the source
of the change and/or slight differences in its magnitude. Thus, it is very difficult to generalize from
historical episodes to predict how people would respond to a new policy change. An even more
basic point is that, even if we could predict labor supply responses to hypothetical changes in
public policy simply by extrapolation from historical episodes, we cannot evaluate the welfare
consequences of policies without a model of the economic structure.

In our view, the literature described above can credibly support a view that at the macro level,
compensated elasticities are in the range of 0.50–1.0 and intertemporal elasticities are in the range
of 1–2, as typically assumed in macro general equilibrium models. Indeed, the problem that
confronts us now is that the reconciliation is, in a sense, too easy. That is, multiplemechanisms can
achieve the desired reconciliation. Of these, which are actually the most relevant? In our view,
answering this question will require building models with multiple mechanisms, and seeing how
well they explain multiple aspects of behavior—not just labor supply, but also schooling, oc-
cupational choice, savings, etc. The work by Keane &Wolpin (2001, 2010) is an example of this
type of strategy.

Obviously this is a large (and daunting) program for future research. But it is important to
realize that simply being able to reconcile aggregate labor supply responseswith observations from
micro data is not in itself sufficient for policy evaluation. As described, the specific mechanism(s)
used to achieve the reconciliation will lead to different implications regarding welfare effects of
policies, even if those policies generate similar labor supply responses.
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