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1 Introduction

A growing body of micro-level evidence shows that workers are often mismatched with
respect to their desired hours of work (e.g., Lachowska et al., 2023). More flexible hours
schedules are often associated with lower pay and constitute an important contribution to
the gender wage gap (Goldin, 2014). Since the early work by Hansen (1985) and Rogerson
(1988), rigid hours offered by employers has also been considered central to understand-
ing the large fluctuations in employment over the business cycle. However, there is little,
if any, evidence on how hours mismatch share the responses to wage changes or taxes.! In
this paper, we provide a new approach to identifying the prevalence of hours constraints
and how they shape the response to annual taxes.

To make progress on this question, we first demonstrate that the presence of hours
constraints, when combined with annual taxation, generates a distinct participation re-
sponse. Unlike the traditional static labor supply response to annual tax incentives, hours
constraints introduce a dynamic participation decision—whether to continue working or
stop as cumulative income crosses into a higher tax bracket. This participation decision
involves quitting or temporarily pausing work until the tax resets in January of the follow-
ing year, where pausing work is preferred when the utility cost of over-working exceeds
the cost of quitting.” We show that this participation response around tax kinks can only
be rationalized by hours mismatch, and not by other behavioral frictions, such as learning
about complex incentives.

We develop an empirical approach that allows us to identify the participation response
from monthly employment data. The central element to our approach is the participation
probability function (PPF), capturing the likelihood of working the next month as a func-
tion of year-to-date cumulative income. In theory, this function has a rectangular shape
as cumulative income creeps into a new tax bracket from the left. Under this assumption,
the counterfactual PPF in the absence of the kink—or higher tax bracket—is obtained by

simple extrapolation. The participation response is identified nonparametrically by com-

1Keane (2011) and Saez et al. (2012) survey the literature on dynamic labor supply decisions and the elas-
ticity of taxable income respectively. A growing number of studies in public economics show that responses
to incentives are often dampened by various kinds of frictions (e.g., Chetty, 2012 and Kleven & Waseem,
2013). Saez (2010) argued that these frictions explain why employees often do not respond to tax incentives,
and Chetty et al. (2013) show that hours constraints can rationalize the divergence between Hicksian macro
and micro elasticities, but not the intertemporal elasticity of labor supply: “Even accounting for indivisi-
ble labor, micro studies do not support representative- agent macro models that generate Frisch elasticities
above 1” (Chetty et al., 2013, p. 4).

2Quitting costs also captures the cost of returning to work in the next tax period, or at a later date. Of
course, pausing work may impose high career costs to full time workers (Kleven et al., 2025), but to some
workers, ignoring the tax incentive can be costlier than quitting.



paring the change in the observed PPF to the right of the bracket to the counterfactual PPF
(from the left).

We apply this framework to the Norwegian setting, which offers a unique combination
of monthly earnings data and a wide range of tax brackets within the tax and transfer
system. We begin by exploring the responses to large kinks among part-time workers
who receive partial benefits from the disability insurance (DI) system. While the sample
is restricted to marginally attached workers, the main advantage of this setting is that
the cost of ignoring the incentive is unusually high, with a marginal tax at the kink of 50
percent. We find that a temporary reduction in the net after tax income of 62 percent leads
to a fall in the participation rate by 53 percent, yielding an implied participation elasticity
of 0.8. This result is robust across a wide set of specifications and holds across part-time
workers who return to the same or a new employer the next calendar year, and those who
have left the workforce when the tax resets the following year.

Whereas hours constraints limit the ability to fully optimize, our approach allows us
to further decompose year-end bunching into an intensive vs. extensive margin response,
and to estimate the overall fraction of workers who are hours constrained. By relating
the amount of “missing mass of work” to the “excess mass in year-end earnings”, we can
derive the share of constrained “compliers”—i.e., workers who find it optimal to locate
at or close to the kink. We find that while the missing mass of work accounts for about
2 percent of the part-time employed welfare recipients, the missing mass accounts for 60
percent of “compliers.” Next, we use this fraction to quantify the role of hours mismatch
in explaining divergence between macro- and micro evidence on intertemporal participa-
tion elasticities. In the limiting case, in which all marginally attached workers are hours
constrained, the intertemporal participation elasticity would be at least 1.3.

As highlighted by Chetty (2012), theory suggests inertia when the utility cost of ignor-
ing the incentive is low relative to the adjustment cost. To test these predictions, we draw
on the full spectrum of kinks in the tax system, which range from marginal tax changes
of 3 to 25 percentage points and span the 10th to the 90th percentile of the earnings dis-
tribution. Consistent with the theory, we find evidence of extensive margin responses at
the lowest bracket but much weaker evidence at higher brackets. Moving from zero to 25
percent at the first tax bracket induces a labor supply response of 5 percent, with an im-
plied elasticity of 0.2. At the higher end of the distribution, we find that the participation
elasticity is different from zero but smaller than 0.1 for one kink, while estimates for other
kinks are imprecise.

The participation elasticities we estimate are greatest among marginally attached work-

ers. One explanation to why we find large extensive margin responses is that the popu-



lation has low search costs, making labor market entry and exit relatively easy. Indeed,
many workers quit and return to the same firm the following year, suggesting that while
hours constraints are rigid, and that firms can accommodate entry and exit. Relatedly, ca-
reer concerns are likely less important, as the majority of workers hold part-time positions
or are nearing retirement age. Consistent with this notion, we find that participation elas-
ticity is smaller among workers in larger firms—where job flexibility may be greater—and
among younger workers—for whom career concerns play a more significant role.

Our paper is related to research on implications of optimization frictions for labor sup-
ply decisions. Saez (2010) discusses the role of hours frictions as a reason to why workers
do not bunch, and Chetty ef al. (2011) point to aggregate factors, such as collective wage
bargaining, that may attenuate the estimated micro response to incentives. Chetty (2012)
formalizes the idea of optimization frictions, and Kleven & Waseem (2013) show how
notches and dominated regions in budget sets can be used to identify the overall preva-
lence of optimization frictions.? Relative to this research, our approach nests the standard
bunching approach of Saez (2010), in which people make a single labor supply decision.*
Our approach allows a decomposition of the bunching into intensive and extensive mar-
gins. We show that hours constraints do not attenuate the annual elasticity of earnings in
setting in which the quitting costs are high.

Our work also contributes to research on responses to changes in work incentives (e.g.,
Moffitt, 1992, Krueger & Meyer, 2002, Saez et al., 2012 and Kleven & Waseem, 2013). While
it is well-established that labor supply elasticities differ widely across groups or countries,
understanding the sources remains an active research field (see, e.g., Krueger & Meyer,
2002 and Chetty, 2012). Our paper contributes to this line of research by unpacking the
role of hours frictions in shaping the elasticity of labor supply.” In related work, Weathers
& Hemmeter (2011) and Ruh & Staubli (2019) find large labor supply responses to return-
to-work programs in the US and Austrian disability insurance (DI) systems, in which
benefits are taxed monthly. In contrast, Zaresani (2020) finds small earnings responses to

3A number of studies have extended the bunching framework to allow for adjustment costs; see, for
example, Gelber et al. (2019), Ruh & Staubli (2019) and Zaresani (2020).

“Our paper is methodologically related to Saez (2003)—who uses gradual changes in annual earnings
relative to locations of kinks to estimate taxable income elasticity. Similarly, our approach to estimating the
counterfactual density is related to Kopczuk & Munroe (2015)—who use data only from the left of a kink,
which is not affected by the introduction of a tax.

5 A large literature studies how optimization frictions affect decisions, including labor supply responses
to welfare reform with adjustment frictions (Kline & Tartari, 2016), over-withholding of tax liabilities (Jones,
2012), information provision and take-up of the earned income tax credit (Chetty & Saez, 2013; Bhargava &
Manoli, 2015), and labor supply of old-age retirees (Liebman & Luttmer, 2012). Hastings & Weinstein (2008)
and Jensen (2010) study how information and perceptions about the returns to schooling affect behavior.
Chetty et al. (2009) and Finkelstein (2009) document attenuated responses to non-salient taxes in consumer
spending.



financial incentives in the Canadian DI system, in which benefits are taxed annually. Our
tindings suggest that labor market frictions interact with the safety net with important
consequences for welfare and inequality.

Our approach relates to existing research on macro and micro evidence on the elastic-
ity of intertemporal substitution. Chetty et al. (2013) show that reduced-form estimates of
this extensive margin response tend to reflect a combination of the share of workers whose
wages are close to their reservation wage and labor market frictions such as adjustment
costs and hours constraints. In our setting, interpreting the participation response as an
intertemporal extensive margin substitution elasticity requires an assumption of forward-
looking behavior. When the change in effective wages is anticipated, there is no wealth
effect—only a temporary change in net after-tax income. Our study offers evidence that
could help rationalize Frisch elasticities of 2, at least for a population of marginally at-
tached workers, who are most sensitive to changes in take-home wage rates.

Finally, our findings have policy implications. While tax incentives typically kick in
at year-end, welfare systems often calculate benefit offsets at the monthly level. The US
SSDI program, for example, phases out DI payments at a monthly frequency. Our evi-
dence speaks to the policy proposal known as the “$1 for $2 offset” that aims to stimulate
increased exit from the US SSDI program by allowing recipients to keep $1 of benefits for
every $2 of labor earnings above the substantial gainful activity (SGA) threshold. Our
evidence indicates that improving the work incentives of marginalized workers, such as
disabled workers with some residual work capacity, can have large effects on part-time
work and the aggregate workforce, especially when the economy is booming.

The remainder of the paper is organized as follows. Section 2 describes a model where
people make repeated labor supply decisions over the year. Section 3 describes the policy
environment and the data. Section 4 presents our main findings and Section 5 concludes.

2 Theory and Empirical Methodology

We first develop a theory to study extensive margin responses to taxes under hours con-
straints. The main conclusion is that individuals facing hours constraints may find it opti-
mal to stop working mid-year, while other frictions do not generate participation effects.
We propose estimating a conditional participation probability to analyze the effects of

taxes on the extensive margin.



2.1 A Dynamic Model of Hours Mismatch and Year-End Incentives

Individuals face a tax period with 12 sub-periods, t = 1,...,12, discounting the future
according to J. Throughout, a worker’s per-period wage is w, and the cumulative labor
income is denoted y;_1 = w th.;% h;. Following Diamond (1980) and Saez (2002), we study
a general tax and transfer system with negative taxes at zero labor income, and denote
non-labor income x > 0. We assume that there is no tax withholding, so that this cash
benefit is distributed equally per month, always guaranteeing some income for consump-
tion, allowing us to omit savings decisions from the baseline specification.®

Each period, given labor supply choice /; and cumulative income y;_1, a worker chooses
how much to consume, ¢, subject to the constraint, ¢; < hyw (1 — 7 (y;—1)) + x, where
T (y;—1) gives the tax schedule (effective tax paid on cumulative income up to last period
yi—1). The tax (or equivalently, the benefit reduction) takes the following single-kinked

form:

0, if y,—1 <K

T (Y-1) = ’

T, if K<y
where 0 < T < 11is a scalar tax rate, and K > 0 is the location of a kink in the tax schedule.
We assume the tax rate is perfectly understood. In the appendix, we show that there is
no qualitative difference between a tax and a benefit reduction for the purposes of our
identification result.

A worker draws her disutility of labor 6 from some distribution, and we assume for

simplicity it is drawn before making work and consumption choices. A worker of type 6’s

per-period utility, net of labor costs is
u (Ct) — 6D (ht) ,

where u () is strictly increasing, twice continuously differentiable, and concave. The disu-
tility of work D(-) is also increasing, twice continuously differentiable, and strictly con-
vex.” Without savings, a worker will consume her entire income in each period; given

cumulative income y;, her per-period payoff as a function of labor supply #; is
u(hyw (1 —7(ye)) +x) — 6D (hy).

We analyze this problem for two types: a (i) flexible and (ii) hours constrained worker.

®In effect, this means that over- and under-withholding is administered the following year.

1
"The leading example of such a cost is the isoelastic utility form, Hilhzﬂ, where ¢ is the elasticity of

labor supply with respect to net after-tax earnings.



2.1.1 Analysis for a Flexible Worker

We begin by examining the problem of a worker who can freely choose their hours of
labor supply. In the simplest version of the model, savings are not allowed. However, as
long as a worker freely determines their hours each period, the problem exhibits no time
inconsistency and is effectively static, reducing to the choice of a sequence of per-period
labor supply decisions {h;}:2;.

In the absence of tax withholding, if total desired earnings exceed the kink, there exists
a period s (s € {0,...,12}) that is the last period before earnings strictly exceed the kink.
In period s + 1, a portion of that period’s earnings becomes taxable, but only a partial in-
crease in tax may occur, as cumulative earnings up to period s may still be below the kink
threshold. From period s + 2 onward, all income is subject to taxation. If total earnings
exceed the kink starting from period 1 onward, s = 0. If total earnings never hit strictly
above the kink, s = 12.

We assume that for all types 6, the condition wu’ (x) — 6D’ (0) > 0 holds, ensuring
that all workers find it optimal to work in at least one period within the year. The worker
chooses {h};2, to maximize

periods strictly below kink periods stricﬁl\y above kink

~

“s 1

Yo' (u (hew + x) — 0D (hy)) + ) O (u(hw (1 —71) +x)— 6D (hy)) +

t=1 t=s+2 (1)
period crossing the kink

o° <u <th+1 (1—7)+wt(K-— ihl) + x> —6D (hs+1)>

i=1

This problem can be solved in two steps. First, fix s € {0, ...,12}, then optimize Expres-
sion 1 subject to the constraints that

s s+1
thtSK, and tht>K.
t=1 t=1

Second, given the solution to this program, optimize the choice of s. Fixing s, the regu-
larity of the objective ensures that an optimizer of Expression 1 exists. As s can take only
finitely many values, a solution to the grand (two-stage) problem exists. A special case
of this problem is that in which a worker finds it optimal to have her annual earnings be
exactly equal to the kink point K. In that case, the worker solves a standard “cake-eating”
problem.



Proposition 1. If a flexible worker’s marginal disutility of work at 0, D’ (0), is sufficiently low, it
is uniquely optimal to work in every period.

That is, a flexible worker’s labor supply h; must be strictly positive in every period ¢,
unless D’(0) is sufficiently large. If, for instance, the disutility of work at 0 hours is 0, it is
optimal to work in every period. We provide a proof of this proposition in the Appendix,
and show in the next section that it also holds when allowing for savings.

Assuming that there exists a smooth distribution of the disutility of work, Panel A of
Figure 1 illustrates the dynamics of the cumulative earnings distribution with T = 4. As
workers find it optimal to smooth work across periods, some workers will also find it
optimal to bunch their work hours, such that the per period work decisions accumulates
to the annual kink, as seen in the rightmost figure. This set of compliers—i.e., those who
find it optimal to bunch—is constant in each period, illustrated by the fixed height of the

excess mass, which moves rightward throughout the year.

Figure 1: [llustration of Cumulative Earnings Distribution
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Notes: Panel A illustrates a possible distribution of cumulative quarterly earnings with perfect control of hours worked, and Panel B
illustrates it for the hours constrained type.

2.1.2 Analysis for an Hours-Constrained Worker

Turning to an hours-constrained worker, the key difference is that the worker faces an ex-
ogenously specified (from the worker’s perspective) amount of work per period h; = h >

8



0. In principle, to overcome the hours constraint, a worker could exert effort at some cost
to adjust hours—to search for a different job or negotiate different hours with the current
employers, for instance. When this cost is sufficiently high, the constrained worker’s only
labor supply choice each period is whether to continue working or to quit . We present a
simple model, without considering the search decision, as a way to overcome the adjust-
ment cost. While it is possible to pause work, we only consider quitting. Consequently
the worker simply decides the period to stop work f € {0,1,...,12}, where f = 12 means
the worker does not quit. The quitting decision also comes at a cost ¢ > 0, which captures
its negative effect on the worker’s income going into the next year (and other negative
consequences).

To avoid trivialities, we assume that wh < K and u(hw + x) —6D(h) > u(x), ensuring
that a worker finds it optimal to work at least one period. We say that a worker stops
working strictly below the kink if f < 12 and w(f + 1)k < K. That is, a worker stops
working strictly below the kink if she could work at least one more period before her total
income exceeded the kink. First, we note that even with hours constraints, a worker never

stops working strictly below the kink.

Remark 1. It is never optimal for a worker to stop working strictly below the kink.

Proof. We simply show that working one more period strictly improves upon stopping
before the kink. The difference in annual utilities from a worker stopping at f +1 <
12 and f has the same sign as u(hw + x) — 0D (h) — u(x), which is strictly positive, by

assumption. ]

In contrast to the flexible hours case, a worker facing hours constraints may either
over- or under-work. Importantly, an hours-constrained worker may find it optimal to

stop working mid-year.

Remark 2. It is optimal for a worker to stop working mid-year if hw - 11 > K and u(hw(1 —
T)+x) —60D(h) < u(x) —¢.

Proof. We simply show that stopping in period 11 strictly improves upon not stopping.
But this is just the stated condition. O

Panel B of Figure 1 illustrates the evolution of cumulative earnings for hours-constrained
workers. It shows that hours constraints—in combination with an annual kink—induce
some workers to stop working mid-year as their cumulative earnings reach the kink.
In that case, the worker finds it optimal to stop working because her take-home wage,
w(1 — 7), is too low compared to her disutility of working, 6D (). The figure highlights



that while year-end earnings may be identical across workers, within-year behavior is key
to understanding the role of hours mismatch in shaping labor supply responses.

2.1.3 Extensions

In our model, we made a number of simplifications. In particular, we abstract away from
saving, we assume that workers are properly specified (they understand the tax schedule),
we do not allow for random shocks, we model benefit withholding as a tax, and impose an
additively-separable form for a worker’s utility u (c¢, ht;0) = u (ct) — 0D (h) . Now we
briefly explain that our result differentiating flexible versus hours-constrained workers
is robust to relaxing these assumptions, deferring the discussion of benefit withholding
and the more general utility u (¢, hy; 0) to the appendix. Suppose that workers may save
and, for the sake of contraposition, that one finds it optimal to stop working mid-year.
Without loss of generality, we assume that her stopping point is after her annual income
has exceeded K. Given a stock of savings v > 0, and letting V() denote the worker’s

continuation value from carrying the stock of savings into the next year, the worker solves

m

max N (er) + V(fm),
{en A fihin t—Z‘{
subjecttoc; + f1 < y+bandci+ ff < b+ f_qforall2 <t < m. Let cf be part of a
solution to this program. As it is optimal not to work, it must be that working a little bit
and consuming all of it-leaving future behavior unchanged-is suboptimal, i.e.,

w(1—1)u’ (c]) —0D'(0) <0,

which is false as long as D’(0) is sufficiently close to 0.

Extending the framework to include preference shocks, shifting the disutility of work-
ing throughout the year—for example, due to the presence of young children or health
shocks—is straightforward. The main assumption we must invoke is that preference
shocks evolve smoothly over time, and are not correlated with the timing that cumula-
tive earnings enters the vicinity of kinks or notches in the budget constraints.

Finally, we extend the framework to allow for misspecified workers, assuming that
a fraction « € (0,1) of workers mistakenly believe the kink in the benefits schedule is
instead at some K # K. Crucially, a misspecified worker is unaware of this misperception.
Consequently, early in the year (for low t), such a worker behaves similarly to a correctly
specified worker, except that she optimizes based on the incorrect kink. Suppose a worker

learns the correct specification upon exceeding the kink: at that point, she observes a
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change in the tax, realizes that she is above the kink, and learns its true location. Upon
being informed of the correct kink—regardless of how the information is obtained—the
worker reoptimizes.

The key question is whether reoptimization can induce a worker to stop working. To
address this, we consider the problem of a worker whose misspecification is corrected.
One possibility is that the worker becomes aware of her misspecification before exceeding
the kink. In this case, her problem is identical to that of a correctly specified worker, with
the only difference being that she has a strictly positive endowment (her accumulated
earnings) and a shorter time horizon (as fewer months remain in the year). The other pos-
sibility is that the worker becomes aware of her misspecification only after exceeding the
kink. Would she then stop working mid-year? The answer is no, as long as the marginal
disutility of work at zero hours is close to zero. Moreover, following the logic of Lemma 1
in Appendix B, it is never optimal for a misspecified worker to stop strictly before reaching
the kink.

2.2 Empirical Methodology and Identification

The basic idea behind the empirical approach is that the width of the response region
is determined by the severity of hours mismatch. The theory establishes a relationship
between the distance from start-to-current period cumulative income and the kink. The
closer an individual is to the kink, the more likely we are to observe a decline in participa-
tion. We operationalize this idea using a participation probability density (PPF) function,
which depends on cumulative income, p,, capturing the fraction who work in cumula-
tive income bin e at time period t. We denote the lower and upper bound of the response
region L and U, and calculate the conditional participation probability density (PPF).

We illustrate the response region by the shaded triangle that appears in the third and
fourth period in Figure 2. The counterfactual PPF is denoted p., and captures the par-
ticipation in the absence of the kink; the counterfactual PPF is represented by the dotted
line above the shaded triangle in Figure 2. Using the counterfactual PPF, the participation

response at the kink is identified from the following expression

Ap = E[fiet — petle = K],

which in the illustration is equal to the vertical distance between the solid line (actual PPF)
and the dotted line (counterfactual PPF). Similarly, the total amount of missing mass m;

of work can be estimated from the response region as the following expression,
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:_Z — Pet)

pK/e

which is equal to the integral over the shaded triangle divided by the counterfactual
mass at the kink pg. The total number of earnings bins in the response region is given by
(U-1r).

Figure 2: Illustration of Missing Mass
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Notes: This figure displays an example of the actual and counterfactual participation probability density (PPF) functions in the bunch-
ing region around the tax kink when T = 4. The actual PPF is represented by the solid black line and the counterfactual PPF is
represented by the dashed black line. The shaded triangle denotes the response region and the total area of the shaded triangle—the
total difference between the actual and counterfactual PPFs—is the mass of missing work, ;.

To identify the PPF, we use a histogram estimator with equally sized bins. The coun-
terfactual PPF is estimated by first fitting a constant and a linear slope using data to the
left of the response region. While the theory suggests this line is flat, our approach allows
for an upward or downward-sloping trend. We then extrapolate a straight line from the
lower bound of the response region to the kink or the upper bound. We also allow a more
tlexible counterfactual following the polynomial approach from Chetty ef al. (2011).

2.2.1 Identifying the Constrained Share of Compliers

Next, we want to understand the distribution of constrained optimizers, relative to the
overall excess mass at the end of the year. The idea of the bunching approach is similar to
the dynamic framework we have presented, but assumes individuals make one decision
of how many hours to supply in a year. As in our framework, there exists a smooth dis-
tribution of the disutility parameter 6, which ensures a smooth distribution of earnings.
Only individuals with initial labor earnings in the range [K, K 4+ Az], will find it optimal
to bunch exactly at (or near) the kink in response to the introduction of a new tax bracket
with marginal tax rate 7. This behavior generates an excess mass of earnings among com-

pliers at the end of the tax period, denoted b.
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We can decompose the role of the participation margin in shaping the excess mass. We

do so by relating the cumulative missing mass to the excess mass in the following way

_mr Lo My

E[“t|€:K] bT NKT

7

where M is the counterfactual frequency in a given cumulative earnings bin, and Nk 7
is the counterfactual frequency of individuals locating their period T earnings at the kink.

2.2.2 Implementation

We implement the rectangular approach and the polynomial approach to estimate the
missing mass, and the polynomial approach for the excess mass.® We calculate standard
errors by generating earnings distributions by 500 random draws of the sample with re-
placement. We then re-estimate the parameters of interest within each sample, and define
the standard error as the standard deviation of the distribution of interest, and perform
block-bootstrap with replacement over individuals, keeping all observations of each indi-

vidual that we resample to account for potential serial correlation in the error terms.

2.3 A Reduced Form Approximation of the Participation Elasticity

The participation elasticity we estimate will, in general, be attenuated by the fact that
many workers are not facing an hours constraint, and instead respond to incentives by
adjusting the intensive margin. The elasticity is simply defined as

Ap/p

©~ A(1—-PTR)/(1— PTR) ®)

Naturally, this elasticity is attenuated by those who respond to taxes primarily by
changing hours. To correct this elasticity for the prevalence of hours constraints, we use

8We follow standard practice and assume a flexible polynomial fitted to the histogram of earn-
ings—excluding the bunching region—which pins down the counterfactual histogram height at the kink
fix (see, e.g., Chetty ef al., 2011). Specifically, we fit the following function

P . U
nj = ;)ﬁi (zj)l+k_2L1(z]- =k) +¢, )

where 7; is the number of workers in earnings bin j, z; is the earnings level, zb is the lower bound of
the bunching region—below K, when people face optimization frictions or make forecast errors—and z!
is the upper bound of the bunching region. Both upper and lower bounds can typically be verified by
visual inspection. Flexibly controlling for earnings in this range with the dummies ;1 (z i = k) allows us to
estimate the polynomial function without considering the behavioral response to the kink.
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our estimated share («) in the denominator to identify the limiting case in which all work-
ers are hours constrained. Another important issue is that this elasticity only captures
hours constraints that are binding from below — i.e., those who would like fewer hours
than their employer can offer. Our approach is unable to speak to the role of having mul-

tiple employers to reach a desired amount of consumption and leisure.

3 Policy Environment and Data

This section describes the policy environment, data, and main findings.

3.1 Policy Environment

Our empirical analysis draws on two attractive features of the Norwegian labor market.
The first feature is the policy environment, which includes a tax system with multiple tax
brackets at the lower and upper ends of the earnings distribution. Moreover, the safety
net allows for a combination of cash payments to eligible workers and earned income,
subject to sharp benefit offsets. Chetty (2012) shows that large changes in incentives are
more likely to induce a response as the welfare cost of ignoring the incentive is high. For
this reason, we begin by studying Disability Insurance (DI), which is the largest transfer
program besides retirement pension, and allows recipients to work while receiving DI
cash benefits. The key advantage of the DI program is that it features a large kink, where
marginal tax rates change by approximately 50 percent at an income level equivalent to
an average of 10 hours per week. ’

The benefit administration is similar to other countries, in that cash is paid on a monthly
basis. Similar to the US system, beneficiaries can earn up to an annual substantial gain-
tul activity (SGA) threshold without losing any benefits. In Norway, this level is equal
to $8,000 annually, where earnings up to this point are subject to income taxation. While
the US Social Security DI system has a phase-out based on a monthly threshold, the Nor-
wegian system uses an annual earnings threshold (see, e.g., Kostol & Mogstad, 2014 for
details). When cumulative earnings exceed the annual SGA threshold, benefits are re-

9The level of DI benefits received is based on a worker’s previous earnings and calculates a worker’s
average indexed annual earnings (AIE). Past wages are indexed to present wages using a deflator equal
to the average wage growth in the economy. For awards before 2015, years with the lowest earnings are
excluded, and the proportion of income replaced falls with the level of previous earnings. After 2015, the
benefits are calculated based on the average earnings the last five years before disability onset, which is
determined by a physician. The system can also grant partial awards, allowing beneficiaries to use a larger
fraction of their residual work capacity.
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duced by about $0.66 for every dollar in gross earnings.'’ Accounting for income taxes,
the kink still more than doubles the effective marginal tax from, on average, 0.35 to 0.78,
where the individual slope change varies with the replacement rate. Recipients remain el-
igible for DI benefits until their earnings exceed a threshold set to 80 percent of a weighted
average of their past earnings, after which benefits are terminated.

3.2 Data

The second key feature is the monthly paycheck data. What is unique to this data is
that it covers every employment relationship—including information about earnings, con-
tracted hours, hourly wages, and bonuses—and allows us to distinguish between strategic
reporting of income from self-employment and other types of behavioral responses. Each
employer reports earnings and cash benefits paid, and the data is continuously updated
as new files from employers are received. We link this data to monthly files on DI re-
cipients provided by the SSA—which provides additional information on the level of DI
benefits, pre-DI earnings (AIE), the date of award, whether the award was for partial or
tull DI benefits; and the age, gender, and household information of recipients. Finally, we
link this data to data provided by Statistics Norway which contains information on edu-
cational attainment, and annual earnings and cash transfers from other welfare programs
based on tax registers.

Table 1 presents summary statistics for the overall workforce (Panel A) and the popu-
lation of DI recipients (Panel B). The table shows that the majority of earnings come from
regular pay, except for DI recipients, whose earnings primarily consist of variable income
in addition to cash payments from the DI system. Additionally, welfare recipients tend to
be older and less educated compared to the overall workforce.

An important benefit of the Norwegian administrative data is that all income com-
ponents, except income from self-employment, are third-party reported (e.g. by employ-
ers and financial intermediaries). We use the employment data only, to avoid having to
deal with self-employment income which is only reported annually. Moreover, the cover-
age and reliability are rated as exceptional by international quality assessments (see e.g.
Atkinson et al., 1995). Since administrative data are a matter of public record, there is no

19There are two ways in which the benefit phase-out is administered. If individuals expect to earn above
the SGA amount, they can report their year-end earnings expectations directly to the SSA, which leads to
immediate adjustments to benefits. This is equivalent to tax withholding. The other is by ex post adjust-
ments, allowing for implicit borrowing with repayment the following calendar year. Since 2015, employers
report income monthly to the SSA, and the DI system starts phasing out benefits once recipients’ cumulative
monthly earnings exceed the annual SGA amount. Before 2015, these ex post adjustments were made after
the DI program received information from the tax authorities, which was typically around August in the
following calendar year.
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attrition due to non-response or non-consent by individuals or firms, and individuals can

only exit these datasets due to natural attrition (i.e., death or out-migration).

Table 1: Summary Statistics

A. Workforce B. DI Recipients

Mean SD Mean SD
Column: e8] ) 3) 4)
Age 414 (13.7) 50.0 (11.6)
Fraction female 47 54
Monthly earnings ($) 5,225 (3,210) 971 (1,247)
Regular pay ($) 3,771 (3,232) 328 (855)
Variable pay ($) 1,048 (1,812) 498 (836)
Fraction regular pay 71 25
Fraction hourly pay 26 43
Fraction fee-based/other pay .03 33
Contracted hours per week 328 (12.7) 12.7 (15.3)
Fraction full time .68 19
Fraction part time 28 49
Fraction no contracted hours .03 .32
Years of schooling 11.9 (4.3) 10.2 (2.7)
Observations <individuals> 27,449,916 2,871,511 655,369 47,009

Notes: This table provides summary statistics of the overall population and DI recipients. Panel A reports statistics for the overall
(non-disabled) workforce below age 66. Panel B reports statistics for DI recipients with DI receipt in 2015 and full DI award prior
to 2015. Outcome variables are measured in 2016 and 2017. Age, years of schooling, cohabitant status, and number of children are
measured in 2015. All other covariates are either pre-determined or constant over time. Earnings and DI benefits are measured in 2016
dollars (NOK/USD = 7.5).

4 Evidence

This section presents the main results on participation effects and the prevalence of hours
constraints using kinks from the safety net and the tax system.

4.1 Responses to the Benefit Offset Kink

We begin our analysis with the DI system due to the salience of benefit offset incentives.
Our sample includes all DI recipients with some labor income who receive full benefits at
the beginning of 2015.!! We study responses to the kink at $8,000, and measure outcomes
during 2015-2017.

1 These restrictions are due to a lack of information on the exact location of the kink among the partially
disabled and because recipients awarded benefits after this date faced a different set of work incentives.
Additionally, we exclude awards from after 2015—as they were subject to a kink of about $5,000—and those
aged above 66—due to eligibility for old-age retirement benefits beginning at age 67.

16



4.1.1 Participation Responses

A virtue of our approach is that the conditional work probabilities can be easily plotted.
According to the theory, missing mass around the kink is evidence that hours frictions
constrain individual responses to tax incentives. We plot the work decision in all months
of the year as a function of cumulative earnings up to the previous month in Figure 3. We
compute the probability to work as a function of year-to-date cumulative earnings around
the kink for each calendar month, and plot these probabilities with solid black lines and
the counterfactuals with dashed lines. We estimate the counterfactual work probabilities
for each bin using a linear extrapolation of the observations to the left of the excluded
region. We also plot the cumulative earnings distributions using solid blue lines, and
the respective counterfactual distribution with a dashed line. Our baseline specification
estimates the counterfactual earnings distributions using a seventh-degree polynomial,
omitting bins in the excluded region, as indicated by the vertical dashed lines.

As seen in the top row of Figure 3, very few individuals have earnings close to the
annual $8,000 kink in the first months. Moreover, we see that the PPF estimates are noisy,
particularly for cumulative earnings above the kink. However, we see clear signs of miss-
ing mass and extensive margin responses in the later months: The fraction of recipients
who continue working is significantly lower for those whose cumulative earnings are
around the kink compared to recipients below (and above) the kink, strongly indicating
that the annual work incentives induce some recipients to stop working as their cumula-
tive earnings reach the $8,000 mark.

Figure 3 shows that this response becomes more pronounced later in the calendar year.
We test whether the participation effects by month are statistically significant in Appendix
Figure A.1. The participation response is fairly small and borderline insignificant until
April. After May, where see that the extensive margin responses—i.e., the fraction of indi-
viduals whose earnings are exactly $8,000 when they stop working—increases, reaching
approximately 0.25 in November, as shown graphically in Appendix Figure A.1. Reas-
suringly, we find no evidence of extensive margin responses in the next calendar year
based on year-end earnings in December, with point estimates remaining insignificant.
This placebo test confirms that the temporary incentive to stop working is driving the

participation result rather than other unobserved factors.
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Figure 3: Missing Mass by Month
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Notes: These figures display the observed cumulative earnings distributions for the sample of DI recipients and fitted counterfactual
distributions using a 7th degree polynomial as described in equation 2 for each calendar month (left axes). The figures further display
the observed fractions of recipients who work by the end of the calendar year (LFP) for each earnings bin (using a binwidth of $267 =
2,000 NOK) and the estimated counterfactual probabilities (LFP) estimated by a linear extrapolation (i = 1) using observations to the
left of the kink as described in equation 2 (right axes). Missing work (m) is defined as the total weighted difference between LFP and
LEP in the excluded region around the kink relative to LFP at the kink, and is weighted by the estimated counterfactual frequency.
The excluded region is indicated by the dashed vertical lines. Similarly, missing man-months (11,,) is defined as the total weighted
difference between LFP and LEP in the excluded region, weighted by the estimated counterfactual frequency. ALFP is defined as
the difference between LFP and LEP at the $8,000 kink. For the full details of the estimated parameters, see section 2.2. The sample
consists of DI recipients aged 18-66 who receive full (100 percent) benefits, have some labor market earnings during the calendar year,
and who were awarded DI before 2015. Standard errors (in parentheses) are calculated by bootstrap using 500 replications.

To aggregate these monthly participation responses to an annual number, we must
deal with two issues. The first is that some may quit and start work multiple times within
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a calendar year. Second, by pooling all observations we would double-count individuals
who stop working at the kink in June, and do not start working until the next calendar
year. A potential consequence of double counting is that our measure of missing mass is
upward biased. To address this issue, we use only the last observation for each individual
(up until November) if they work multiple months during the calendar year. This can
be interpreted as the individual’s final optimization decision within the year, and ensures
that each individual is counted only once.

We report our main findings of annualized participation responses in Figure 4, where
we use the last observation per individual only. Panel (a) displays the observed and esti-
mated counterfactual cumulative earnings distributions, indicated by the solid blue and
dashed lines, respectively. The observed and estimated counterfactual fraction of recipi-
ents who work by the end of the calendar year for each earnings bin are represented by
the solid and dashed black lines, respectively.

Figure 4: Missing Mass of Work and Excess Mass of Earnings at Disability Insurance Ben-
efit Kink
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Notes: Figure A displays the observed cumulative earnings distribution for the sample of DI recipients and a fitted counterfactual using
a 7th degree polynomial as described in equation 2 (left axis). The figure further displays the observed fraction of recipients who work
by the end of the calendar year (LFP) for each earnings bin (using a binwidth of $267 = 2,000 NOK) and the estimated counterfactual
probability (LFP) estimated by a linear extrapolation (i = 1) using observations to the left of the kink as described in equation 2 (right
axis). Missing work (m) is defined as the total weighted difference between LFP and LFP in the excluded region around the kink
relative to LEP at the kink, and is weighted by the estimated counterfactual frequency. The excluded region is indicated by the dashed
vertical lines. Similarly, missing man-months (11,,) is defined as the total weighted difference between LFP and LEP in the excluded
region, weighted by the estimated counterfactual frequency. ALFP is defined as the difference between LFP and LEP at the $8,000 kink.
Figure B displays the observed year-end earnings distribution and a fitted counterfactual using a 7th degree polynomial as described
in equation 2 (left axis). Year-end bunching (b;») is defined as the total difference between the observed and counterfactual distribution
in the excluded region around the kink relative to the counterfactual at the kink. Similarly, the number of year-end bunchers (b, 12)
is defined as the total difference between the observed and counterfactual distribution in the excluded region. For the full details of
the estimated parameters, see section 2.2. The sample consists of DI recipients aged 18-66 who receive full (100 percent) benefits, have
some labor market earnings during the calendar year, and who were awarded DI before 2015. Standard errors (in parentheses) are
calculated by bootstrap using 500 replications.

Visually, there are clear signs of individuals responding at the extensive margin as
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their cumulative earnings reach the kink. Individuals with cumulative earnings around
the kink appear far less likely to continue working compared to those below (and above)
the kink. We estimate a missing mass of 2.35, meaning that the total amount of missing
work in the excluded region around the kink corresponds to 2.35 times the counterfactual
work probability at the kink. Similarly, we estimate that a total of 1,869 individuals do not
continue working due to the work incentives at the kink.

We estimate a drop in the labor force participation rate of 0.37 compared to the coun-
terfactual work probability at the kink, which is approximately 0.74. This corresponds to
a 50% decrease in the labor force participation rate for individuals with cumulative earn-
ings at the kink. These estimates are highly significant and clearly indicate large extensive
margin responses due to the increased marginal tax.

Table 2 reports the estimated labor force participation responses and implied participa-
tion elasticity. We estimate a labor force participation response of approximately 0.37 per-
centage points at the kink. Compared to our preferred estimate of the counterfactual prob-
ability of continued work at the kink—0.74, using the linear extrapolation method—this
corresponds to a 50 percent drop in the labor force participation rate for individuals whose
cumulative earnings amount to $8,000 (the kink point). This translates to a participation
elasticity of approximately 0.80 with respect to the (net-of) participation tax rate.

In row B, we estimate the counterfactual labor force participation rate by fitting a flex-
ible polynomial to the observed fraction of working individuals while omitting observa-
tions in the excluded region. The estimates are highly robust to the choice of estimation
method, with the estimated labor force participation response at the kink being 0.35 and
the participation elasticity being 0.78.

In row C, we examine whether our responses may be driven by individuals who quit
working altogether and who may not be subject to hours constraints. To address this, we
estimate labor force participation responses using only individuals who continue working
in the next calendar year. Since our data span through 2017, we restrict this specification to
observations from 2015-2016. Compared to our baseline labor force participation estimate
of 0.39, the estimate is higher—around 0.44—when including only individuals who also
work the following year. This suggests that our results are not driven by individuals who
exit the labor market entirely. The response is very similar for individuals who continue
working at the same firm as in the baseline year but somewhat lower for those who switch
to another firm the following year. Conversely, our estimated responses are lower for
individuals who do not work the next year—as shown in the last row—-with the estimated
labor force participation response being approximately 0.20. However, this appears to be
driven by a much lower overall labor force participation rate of around 0.32.
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Table 2: Estimates of the Labor Force Participation Elasticity

Extensive margin Labor force Participation
response (Ap) participation (p) elasticity (e) Obs
Column: (1) 2) 3) 4) (5) (6) (7)
A: Work by end of year (2015-2017) -.37 (.02) 74 (.02) .80 (.03) 93,975
B: Specification checks
i) Fitted polynomial -.35 (.02) 72 (.01) .78 (.03) 93,975
C: Work by end of year (2015-2016)  -.39 (.02) .75 (.02) .84 (.04) 68,288
i) Working next year -.44 (.02) .82 (.02) .85 (.03) 50,791
a) In same firm -.45 (.02) .84 (.02) .86 (.03) 46,162
b) In different firm -.36 (.06) 77 (.04) .76 (.09) 10,573
ii) Not working next year -.20 (.05) 32 (.04) .98 (.15) 17,497

Notes: This table displays estimates of labor force participation responses (ALFP) and the corresponding participation elasticity wrt.
the (net-of) participation tax rate (¢). ALFP is defined as the difference between the observed probability of working by the end of
the calendar year (LFP) and the estimated counterfactual probability (LEFP) at the $8,000 kink. The participation elasticity (€) is the
elasticity of labor force participation wrt. the (net-of) participation tax rate as defined in equation 3. In panel A, C and D, LFP is
estimated by a linear extrapolation (i = 1) using observations to the left of the kink. In Panel B i), LEP is estimated by a flexible
polynomial as described in equation 2 using a 7th degree polynomial. The sample consists of DI recipients aged 18-66 who receive full
(100 percent) benefits, have some labor market earnings during the calendar year, and who were awarded DI before 2015. Standard
errors (in parentheses) are calculated by bootstrap using 500 replications.

4.1.2 Population Shares

Next, we relate our estimates of missing mass to the year-end excess mass of earnings
around the kink. To obtain an estimate of the overall prevalence of hours frictions, we
scale these two ratios by the frequency of each bin at the kink for employment and earn-
ings.

Our results show clear signs of bunching at the kink by the end of the calendar year.
Panel (b) in Figure 4 displays the observed year-end earnings distribution around the
kink and the estimated counterfactual density. We estimate the counterfactual density
using a seventh-degree polynomial, omitting observations in the excluded region. Using
this specification, we estimate the excess mass to be 2.79, meaning that there are almost
three times as many individuals with earnings at (or just around) the kink as predicted by
the polynomial function. This estimate is bootstrapped 200 times, and the standard error
confirms that it is highly significant.

Weighted by the frequency in the bin, the excess mass amounts to 3,151 individuals. By
combining this with our estimate of the number of “missing workers” from Panel (a), we
find that the estimated fraction of individuals who are hours constrained is 1,869/3,151 =
0.59, with a standard error of approximately 0.20. Our estimates indicate that a substantial
fraction of individuals face hours constraints, suggesting that 59 percent of those who
would optimally spread their hours more evenly throughout the calendar year are unable
to do so and instead stop working due to hours frictions.
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Table 3 reports our estimates of missing mass and the fraction of hours-constrained
workers. Row A presents the baseline estimates shown in Figure 4, with our baseline
estimate of the fraction of hours-constrained workers at 59 percent.

A potential concern is that some individuals may quit the labor market entirely, po-
tentially biasing the estimate upward. To address this concern, we report estimates that
include only individuals who continue working in the next calendar year in row B. Since
our data span through 2017, we restrict this specification to observations from 2015-2016.
Our results indicate that the estimated responses are higher for individuals who are ob-
served to only temporarily leave the labor market. In fact, we estimate a higher fraction of
hours-constrained workers at approximately 77 percent. This suggests that the responses
are indeed driven by individuals who temporarily exit the labor market rather than those
who leave permanently.

Table 3: Missing Mass and the Prevalence of Hours Constraints: Kink in the Disability Insurance Program
($8,000)

Missing Year-end Fraction hours
mass () bunching (b1,) constrained («) Obs
Column: o) (2) 3) “4) (5) (6) (7)
A: Baseline (2015-2017) 235 (.25) 2.79 (.13) .59 (.12) 93,975
B: Working next year (2015-2016)  2.88  (.23) 2.93 (17) 77 (.12) 50,791
i) In same firm 291 (22) 3.01 (.17) 78 (12) 46,162
ii) In different firm 3.00 (.62) 2.09 (.34) 1.02 (.44) 10,573

Notes: This table displays the estimated missing work, year-end bunching and fraction hours constrained for the sample of DI recip-
ients. Missing work (m) is defined as the total weighted difference between LFP and LEP in the excluded region around the kink
relative to LEP at the kink, and is weighted by the estimated counterfactual cumulative earnings frequency. ALFP is defined as the
difference between LEP and LEP at the $8,000 kink. Year-end bunching (by2) is defined as the total difference between the observed
and counterfactual year-end earnings distribution in the excluded region around the kink relative to the estimated counterfactual at
the kink. Fraction hours constrained («) is defined as the fraction of missing man-months (1,,) relative to the number of year-end
bunchers (b, 12). For the full details of the estimated parameters, see section 2.2. The sample consists of DI recipients aged 18-66 who
receive full (100 percent) benefits, have some labor market earnings during the calendar year, and who were awarded DI before 2015.
Standard errors (in parentheses) are calculated by bootstrap using 500 replications.

The estimates remain robust when restricting the sample to individuals who only tem-
porarily stop working at the same firm, as shown in row B(i). Consistent with theory, we
tind that quitting work and starting at a new firm the following year is associated with
more binding hours constraints. As shown in row B(ii), our estimate is effectively 100 per-
cent, though we note that these estimates are considerably noisier. Overall, our evidence
show that hours constraints are prevalent among DI recipients. The substantial missing
mass in the earnings distribution, combined with high estimates of the fraction of hours-
constrained workers, suggests that many individuals stop working mid-year in response
to the strong benefit offset incentive.
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4.1.3 Robustness

We show that our main findings are robust to alternative specifications. Figure 5 Panel (a)
shows that our estimates are robust to the number of bins we use to the left of the excluded
region using the linear extrapolation method, which changes the slope of the counterfac-
tual probability and in turn changes the estimated responses. Panel (b) shows that our
estimates remain quantitatively similar if we change the order of the polynomial we use
to fit the counterfactual probability of continued work using the polynomial method.

Figure 5: Sensitivity to Counterfactual Specification in Missing Mass Estimation

(a) Linear Extrapolation: Sensitivity (b) Polynomial Method: Sensitivity
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Notes: Figure A displays the estimated missing work (1) for the sample of DI recipients where the counterfactual labor force participa-
tion (LFP) is estimated by a linear extrapolation (i = 1) as described in equation 2 by using different numbers of bins to the left of the
kink to estimate LFP (indicated by the horizontal axis). The red vertical line indicates our main specification using 10 bins to the left
of the kink to estimate LEP. Similarly, Figure B displays the difference between observed LFP and an estimated counterfactual LEP
which is estimated by a n-th degree polynomial omitting bins in the excluded region as described in equation 2, where the degree of
the polynomial (1) is indicated by the horizontal axis. The dashed horizontal line indicates our main specification using a 7-th degree
polynomial to estimate LFP. Both specifications use a 7-th degree polynomial to estimate the counterfactual cumulative earnings den-
sity (in order to estimate m). For full details of the estimated parameters, see section 2.2. The sample consists of DI recipients aged
18-66 who receive full (100 percent) benefits, have some labor market earnings during the calendar year, and who were awarded DI
before 2015. Standard errors (indicated by the dashed lines and vertical bars) are calculated by bootstrap using 500 replications.

Appendix Figure A.2 shows that our estimates are fairly robust when using a flexible
polynomial (omitting observations in the excluded region) to estimate the counterfactual
labor force participation rate, compared to the baseline linear extrapolation method using
observations to the left of the excluded region. In Appendix Figure A.3 Panel (a), we
show that the estimated year-end bunching is fairly robust to changing the order of the
polynomial used to estimate the counterfactual year-end density, although estimates are
somewhat higher for polynomials larger than 7. However, our estimate of the fraction
of hours constrained workers is not qualitatively changed by choosing other orders of
polynomials as shown in Panel (b), with point estimates ranging between about 0.45-0.75.

Importantly, estimates are still highly significantly different from zero using other orders
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of polynomials.

Finally, some may prefer to start working in February and continue working until De-
cember, rather than start working in January and stop working in December. Through the
lens of our theory, this behavior can be rationalized as a knife-edge case of no-discounting.
Alternatively, we need seasonal variation in search or quitting costs, for example, that it
is easier to find a job starting in February than in January. It is also possible that some
may prefer to stop and start multiple times during the year. While our approach is unable
to capture this behavior, it does not invalidate our estimates of the participation response,
but it may imply that we are underestimating the fraction hours constrained. To gauge this
possibility, we implement an alternative estimation approach suggested by our theory. As
indicated in Figure 1, the fraction constrained can also also be inferred by comparing the
excess mass of cumulative earnings in the last two months of the year, as the bunching
before the final period must be due to hours constraints. Reassuringly, comparing excess
mass in November (1.56) to December (2.26), shown in A .4, yields a similar estimate of
0.69, albeit slightly larger.

4.2 Worker and Firm Heterogeneity

Next, we assess the role of heterogeneity among our group of marginally attached work-
ers. To do so, Table 4 reports estimates of the participation elasticity, missing mass, excess
mass, and the implied fraction hours constrained for different subgroups. We find that
the participation elasticity is substantially larger among the older subsample compared to
the young. This may indicate that younger workers have a stronger incentive to return to
the workforce as they have a potentially longer time until retirement.

Across the remaining subgroups, we find less stark differences. For example, there are
no significant differences in responses between men and women, or between individuals
with different educational attainment or types of work contracts. However, we find ev-
idence that the participation response is greater in smaller firms that large firms, which
may indicate that large firms have more career opportunities or flexibility.
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Table 4: Heterogeneity in Missing Mass

Participation Missing Year-end Fraction hours

elasticity (e) Mass (m)  bunching (b1p) constrained («) Obs
Column: @) 2 G @ O (6) ) ®) )
All working DI recipients .80 (.03) 235 (.25 279 (.13) .59 (.12) 93,975
Age 18-49 57 (.05) 1.14 (.28) 1.08 (.19) .76 (.40) 35,128
Age 50-67 .89 (.04) 3.00 (31) 3.73 (.19) .56 (.12) 58,847
Male .85 (.04) 258 (29) 272 (.16) .64 (.14) 43,748
Female 75 (.05) 212 (34) 2.86 (.18) .55 (.16) 50,227
No high school .78 (.05) 221 (26) 222 (.20) 71 (.17) 48,771
High school or more .83 (.04) 257 (34) 341 (.18) .53 (.13) 45,204
Regular pay .79 (.05) 2.02 (.35 3.01 (.26) .59 (.19) 20,459
Some variable pay .80 (.04) 275  (.33) 3.01 (.18) .59 (.13) 60,666
Firm characteristics:
% full-time work: > median .87 (.04) 323 (.31) 352 (.21) .67 (.14) 46,988
% full-time work: < median .70 (.05) 143 (.31) 2.06 (.20) A48 (.17) 46,987
N employees: < 20 91 (.04) 320 (43) 4.30 (21) .53 (.14) 34,649
N employees: 21-100 71 (.06) 190 (.32) 1.31 (:22) 1.06 (.42) 33,791
N employees: >100 .66 (.07) 1.84 (44) 208 (.25) .63 (:27) 25,535

Notes: This table displays estimated missing work, year-end bunching, and the fraction hours constrained for different subgroups of
DI recipients. For the full details of the estimated parameters, see section 2.2. The sample consists of DI recipients aged 18-66 who
receive full (100 percent) benefits, have some labor market earnings during the calendar year, and who were awarded DI before 2015.
Standard errors (in parentheses) are calculated by bootstrap using 500 replications.

4.3 Responses to Kinks in the Income Tax Schedule

Having established that participation effects are large among marginally attached work-
ers, we turn to an analysis of the income tax system. We present evidence across the
full spectrum of kinks, covering the bottom to the top of the income distribution, with
marginal tax changes ranging from 3 to 25 percentage points. We begin by plotting the
participation probability function in panel (a) and the earnings distribution for the lowest
kink in panel (b) of Figure 6. We estimate the counterfactual as before using a linear trend
on the fraction who work, where we exclude the three bins of cumulative earnings closest
to the kink.

At the lowest kink, at $6,667, we find evidence of some missing mass of work. As
illustrated by panel (a) Figure 6, about 15 percent stop working at the kink. Relating this
to the height of the counterfactual distribution at the kink, we estimate an unadjusted
participation elasticity of about 0.2. This estimate is reported in the first row of Table 5.

To contrast the missing mass of work with earnings responses, panel (b) plots the year-
end cumulative distribution of earnings and the estimated excess mass around the kink.

Combining the missing and excess mass from panels (a) and (b) implies that roughly 43
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percent of individuals are hours constrained. As with DI recipients, this allows us to calcu-
late the participation elasticity in the limiting case where all individuals are constrained.
Dividing 0.2 by 0.43 yields an elasticity of 0.47—somewhat higher than the estimate re-
ported by Card & Hyslop (2005) found for Canadian welfare recipients.

Figure 6: Graphical Representation of Hours Constraints: First Tax Kink ($6,667)

(b) Year-End Bunching (b1p) and Fraction Hours

(a) Missing Mass Constrained («)
o o
g [ [ e S [ [
= \ \ = \ \
i \ \ \ \
i I L A
I ¢ L
i \ | 5 \ \
o el
- 1 s A
e 7 L I muos2029) | 5 8 \ | by 11024)
2 A | | my:213(75) > 5 | | byi2: 495 (68)
g o ‘ | Alip:-028 (008) | £ g ‘ | @= M, 43 (:24)
[ N L+ © [
i ‘ \ 2 \
NN =
ik | | g |
\ \ S \ \
| | Fee \ \
\ \ \ \
| | | |
1 T T T T — T ‘\ ‘ T T T re 1 T T T T : . T ‘\ ‘ T T T
0 2000 4000 6000 8000 10000 12000 14000 16000 0 2000 4000 6000 8000 10000 12000 14000 16000
Cumulative earnings ($) Year-end earnings ($)

Notes: Figure A displays the observed cumulative earnings distribution for the workforce-sample (non-DI) and a fitted counterfactual
using a 7th degree polynomial as described in equation 2 (left axis). The figure further displays the observed fraction of recipients
who work by the end of the calendar year (LFP) for each earnings bin (using a binwidth of $133 = 1,000 NOK) and the estimated
counterfactual probability (LFP) estimated by a linear extrapolation (i = 1) using observations to the left of the kink as described in
equation 2 (right axis). Missing work (m) is defined as the total weighted difference between LFP and LEP in the excluded region
around the $6,667 kink relative to LFP at the kink, and is weighted by the estimated counterfactual frequency. The excluded region is
indicated by the dashed vertical lines. Similarly, missing man-months (11, is defined as the total weighted difference between LFP and
LEP in the excluded region, weighted by the estimated counterfactual frequency. ALFP is defined as the difference between LFP and
LEP at the $6,667 kink. Figure B displays the observed year-end earnings distribution and a fitted counterfactual using a 7th degree
polynomial as described in equation 2 (left axis). Year-end bunching (b12) is defined as the total difference between the observed
and counterfactual distribution in the excluded region around the $6,667 kink relative to the counterfactual at the kink. Similarly,
the number of year-end bunchers (b, 12) is defined as the total difference between the observed and counterfactual distribution in
the excluded region. In both figures, the red dashed lines indicate (other) kinks in the income tax schedule at $9,851 and $11,789
respectively. For the full details of the estimated parameters, see section 2.2. The sample consists of the overall workforce (non-
DI) with some labor market earnings during the calendar year during 2015-2017. Standard errors (in parentheses) are calculated by
bootstrap using 500 replications.

Turning to the remaining kinks of the tax system, we plot the participation probability
and year-end earnings distribution in Appendix Figure A.5 and report our findings in
Table 5. We find that there are less clear patterns of missing mass of work or excess mass
in earnings at the three intermediate kinks between $9,851 and $27,612. At the fifth, or
second-highest kink at $73,407, the fraction continuing to work is nearly flat across the
kink, suggesting that the counterfactual can be estimated by fitting a straight line from
either side. Comparing the observed drop at the kink to this fitted counterfactual, we find
some evidence of missing mass. Although both the missing mass and participation effects
are small, they are statistically distinguishable from zero. However, noisy estimates of

excess bunching in year-end earnings limit our ability to draw strong conclusions about
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the overall prevalence of hours constraints. Taken together, the estimates support the view
that career concerns are more salient across much of the earnings distribution, and that the

cost of quitting outweighs the cost of not optimizing.

Table 5: Estimates From The Tax System

Participation Missing Year-end

mtr  Amtr elasticity (€) mass (m) bunching (b17)
Column: O 2 ®) 4) ©) (6) @) 8)
Kink point:
$6,667 25 25 .20 (.06) .082 (.029) 115 (.024)
$9,851 8.2 -16.8 -.08 (.06) .020 (.023) -.059 (.024)
$11,789 23.6 15.4 .01 (.09) 017 (.027) .043 (.025)
$27,612 35.2 11.6 -.05 (.06) -001  (.019) .009 (.028)
$73,407 442 9 .06 (.02) 016 (.006) .021 (.023)
$118,080 472 3 -12 (.11) -.008  (.012) 142 (.055)
Placebo kinks:
100,000 NOK 23.6 0 -.020  (.010) .001 (.029) -.010 (.025)
150,000 NOK 23.6 0 .016 (.007) .000 (.024) .087 (.027)
200,000 NOK 23.6 0 .010 (.008) -025  (.020) .016 (.030)

Notes: This table displays the estimated participation elasticity, missing work, and year-end bunching for the workforce-sample (non-
DI) for each kink in the income tax schedule. The participation elasticity (€) is the elasticity of labor force participation wrt. the (net-of)
participation tax rate as defined in equation 3. Missing work () is defined as the total weighted difference between LFP and LEP in
the excluded region around each kink point relative to LEP at the kink, and is weighted by the estimated counterfactual cumulative
earnings frequency. Year-end bunching (bq) is defined as the total difference between the observed and counterfactual year-end
earnings distribution in the excluded region around each kink relative to the estimated counterfactual at the kink. For the full details
of the estimated parameters, see section 2.2. The sample consists of the overall workforce (non-DI) with some labor market earnings
during the calendar year during 2015-2017. Standard errors (in parentheses) are calculated by bootstrap using 500 replications.

5 Conclusion

In this paper, we have explored how hours mismatch affects labor supply responses to
annual taxes. We started by providing a theoretical framework that showed that hours
constraints can induce workers to stop working mid-year as their cumulative taxable in-
come crept into a new tax bracket. We developed an approach to identify the intertempo-
ral extensive margin response non-parametrically using data on monthly work decisions
and cumulative income.

We applied this approach to annual tax kinks and monthly earnings data from the
Norwegian tax and transfer system. We estimated a labor force participation elasticity
of 0.8 and found that approximately 60% of individuals were hours constrained. There
is suggestive evidence that these responses are larger among workers in small firms and
among older workers — groups likely to face lower career concerns than younger workers.
By using our estimate of the share of hours-constrained individuals, we show that in the

limiting case where all workers are constrained, the participation elasticity exceeds 1. In
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contrast, when using broader tax variation, we find much smaller elasticities, consistent
with higher search costs or lower utility costs of overwork among the broader population.

These findings have implications for understanding the sources of fluctuations empha-
sized in the real business cycle (RBC) literature. Chari et al. (2007) and Shimer (2009) doc-
ument a sizable gap, commonly referred to as the “labor wedge”—between the marginal
rate of substitution between consumption and leisure and the marginal product of labor.
This wedge must vary cyclically to explain the magnitude of employment fluctuations
observed in the data, which are difficult to reconcile with standard estimates of labor sup-
ply elasticities. For instance, Card & Hyslop (2005) estimate an intertemporal elasticity
of 0.38 using a benefit phase-out policy in Canada—far below the elasticity of 2 required
by canonical RBC models (see, e.g., Cho & Cooley, 1994 and King & Rebelo, 1999). Our
findings for marginally attached workers point to substantially higher elasticities, helping
to reconcile this discrepancy. Moreover, they suggest that expanding the safety net, while
maintaining strong work incentives, can amplify the responsiveness of labor supply at the
extensive margin, consistent with a labor wedge that drives cyclical employment fluctua-

tions.
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A Appendix:Additional Results

A.1 Tables

Table A.1: Missing Mass and the Prevalence of Hours Constraints: Frequencies

Frequency of

Frequency of year-end

Fraction hours

missing mass (11, bunchers (b1 ,) constrained («) Obs
Column: O 2 ®) 4) ®) (6) ?)
A: Baseline 1,869 (239) 3,151 (80) .59 (.12) 93,975
B. Work next year 1,583 (154) 2,043 (66) 77 (.12) 50,791
In same firm 1,513 (145) 1,934 (60) .78 (.12) 46,162
In different firm 314 (78) 309 (28) 1.02 (44) 10,573

Notes: This table displays the estimated frequency of missing work (m,,), year-end bunching (b1,,,), and fraction hours constrained
(« = my/bipy,). The sample consists of DI recipients aged 18-66 who receive full (100 percent) benefits, have some labor market
earnings during the calendar year, and who were awarded DI before 2015. Standard errors (in parentheses) are calculated by bootstrap

using 500 replications.

Table A.2: Missing Mass at Kinks in the Income Tax Schedule

Missing Year-end
mtr  Amtr mass (m) bunching (b1,) Obs

Column: (1) ) 3) 4) (5) (6) (7)

Kink point: 50,000 NOK ($6,667) 25 25 136 (.028) .21 (.02) 2,803,147
w /o round numbers (in multiples of 100 NOK) 25 25 086 (031) .11 (.02) 2,803,147
w /o round numbers (in multiples of 1,000 NOK) 25 25 082  (.029) .11 (.02) 2,803,147
w/o round numbers (in multiples of 5,000 NOK) 25 25 086 (.028) .12 (.02) 2,803,147
w/o round numbers (in multiples of 10,000 NOK) 25 25 .075 (.030) .13 (.02) 2,803,147
Placebo kink: 100,000 NOK 23.6 0 .051 (.026) .08 (.03) 2,803,147
w /o round numbers (in multiples of 100 NOK) 23.6 0 .001 (.030) -.01 (.02) 2,803,147
w /o round numbers (in multiples of 1,000 NOK)  23.6 0 001 (.029) -.01 (.03) 2,803,147
w/o round numbers (in multiples of 5,000 NOK)  23.6 0 -001 (.026) -.02 (.03) 2,803,147
w/o round numbers (in multiples of 10,000 NOK) 23.6 0 -.005 (.025) -.01 (.02) 2,803,147
Placebo kink: 150,000 NOK 23.6 0 034  (.023) .17 (.03) 2,803,147
w/o round numbers (in multiples of 100 NOK) 23.6 0 -.005 (.025) .07 (.03) 2,803,147
w/o round numbers (in multiples of 1,000 NOK)  23.6 0 .000 (.024) .09 (.03) 2,803,147
w/o round numbers (in multiples of 5,000 NOK)  23.6 0 -.005 (.024) .08 (.03) 2,803,147
w/o round numbers (in multiples of 10,000 NOK) 23.6 0 -.006 (.026) .08 (.03) 2,803,147
Placebo kink: 200,000 NOK 23.6 0 009 (.023) .11 (.03) 2,803,147
w/o round numbers (in multiples of 100 NOK) 23.6 0 -025 (.022) .01 (.03) 2,803,147
w/o round numbers (in multiples of 1,000 NOK)  23.6 0 -025 (.020) .02 (.03) 2,803,147
w/o round numbers (in multiples of 5,000 NOK)  23.6 0 -.025 (.021) .02 (.03) 2,803,147
w /o round numbers (in multiples of 10,000 NOK) 23.6 0 -.028 (.021) .03 (.03) 2,803,147

Notes: This table displays the estimated missing work (m) and year-end bunching (b1,) for different sample restrictions in round
numbers for the workforce-sample (non-DI). The sample consists of the overall workforce (non-DI) with some labor market earnings
during the calendar year during 2015-2017. Standard errors (in parentheses) are calculated by bootstrap using 500 replications.



A.2 Figures

Figure A.1: Dynamics in Missing Mass: Benefit Phase-Out Kink in the DI Program (at
$8,000)

(a) Labor Force Participation (ALFP) (b) Participation Elasticity (€)
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Notes: Figure A displays the estimated labor force participation responses (ALFP) for the sample of DI recipients for each calendar
month.ALFP is defined as the difference between the observed probability of working by the end of the calendar year (LFP) and the
estimated counterfactual probability (LFP) at the $8,000 kink. LEP is estimated by a linear extrapolation (i = 1) using observations
to the left of the kink as described in equation 2. Figure B displays the estimated participation elasticity () for each calendar month
defined as the elasticity of LFP wrt. the (net-of) participation tax rate as defined in equation 3. The sample consists of DI recipients
aged 18-66 who receive full (100 percent) benefits, have some labor market earnings during the calendar year, and who were awarded
DI before 2015. Standard errors (indicated by the vertical bars) are calculated by bootstrap using 500 replications.



Figure A.2: Missing Mass Estimation Methods

(a) Linear Extrapolation (b) Polynomial Method
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Notes: Figure A displays the observed fraction of recipients who work by the end of the calendar year (LFP) for each earnings bin
(using a binwidth of $267 = 2,000 NOK) and the counterfactual probability (LFP) estimated by a linear extrapolation (i = 1) using
observations to the left of the kink as described in equation 2 (right axis). Similarly, Figure B displays the observed LFP and estimated
counterfactual LFP which is estimated by a 7th degree polynomial omitting bins in the excluded region as described in equation 2. In
both figures, the figures display estimated parameters using each respective estimation method and the observed cumulative earnings
distribution for the sample of DI recipients and a fitted counterfactual using a 7th degree polynomial as described in equation 2 (left
axis). For full details of the estimated parameters, see section 2.2. The sample consists of DI recipients aged 18-66 who receive full (100
percent) benefits, have some labor market earnings during the calendar year, and who were awarded DI before 2015. Standard errors
(in parentheses) are calculated by bootstrap using 500 replications.

Figure A.3: Sensitivity in Order of Polynomial in Bunching Estimation

(a) Year-End Bunchers (b1,) (b) Fraction Hours Constrained («)
b3 i
EIE) ] I £t L

1
|
2
1

2 3 4 5 6 7 8 9 10 2 3 4 5 6 7 8 9 10
Order of polynomial Order of polynomial

Notes: Figure A displays estimated year-end bunching (b1,) for the sample of DI recipients where the counterfactual earnings distri-
bution is estimated by a n-th degree polynomial (indicated on the horizontal axis). Similarly, Figure B displays the estimated fraction
hours constrained («) for different orders of polynomial to estimate the number of year-end bunchers. For the full details of the es-
timated parameters, see section 2.2. In both figures, the dashed horizontal lines indicate our main specification using a 7-th degree
polynomial to estimate the counterfactual density. The sample consists of DI recipients aged 18-66 who receive full (100 percent) bene-
fits, have some labor market earnings during the calendar year, and who were awarded DI before 2015. Standard errors (indicated by
the vertical bars) are calculated by bootstrap using 500 replications.



Figure A.4: Smooth vs Lumpy Bunching
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Notes: These figures display the observed (cumulative) earnings distributions in November and December, respectively, and the es-
timated bunching. The sample consists of DI recipients aged 18-66 who receive full (100 percent) benefits, have some labor market
earnings during the calendar year, and who were awarded DI before 2015. Standard errors (in parentheses) are calculated by bootstrap
using 500 replications.



Figure A.5: Missing Mass at Kinks in the Income Tax Schedule

(a) $6,667 Kink (b) $9,851 Kink
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Notes: These figures display the observed cumulative earnings distributions around each kink in the income tax schedule for the
workforce-sample (non-DI) along with fitted counterfactuals using a 7th degree polynomial as described in equation 2 (left axes). The
figures further display the observed fraction of individuals who work by the end of the calendar year (LFP) for each earnings bin (using
a binwidth of $133 = 1,000 NOK) and the estimated counterfactual probabilities (LEP) estimated by a linear extrapolation (i = 1) using
observations to the left of the kink. See Figure 4 for more details. The sample consists of the overall workforce (non-DI) with some
labor market earnings during the calendar year during 2015-2017. Standard errors (in parentheses) are calculated by bootstrap using
500 replications.



Figure A.6: Missing Mass Estimation Methods: First Kink in the Income Tax Schedule
($6,667)

(a) Linear Extrapolation (b) Polynomial Method
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Notes: Figure A displays the observed fraction of individuals who work by the end of the calendar year (LFP) for each earnings bin
(using a binwidth of $133 = 1,000 NOK) and the counterfactual probability (LFP) estimated by a linear extrapolation (i = 1) using
observations to the left of the kink as described in equation 2 (right axis). Similarly, Figure B displays the observed LFP and estimated
counterfactual LEP which is estimated by a 7th degree polynomial omitting bins in the excluded region as described in equation 2.
Both figures display estimated parameters using each respective estimation method and the observed cumulative earnings distribution
for the workforce-sample and a fitted counterfactual using a 7th degree polynomial as described in equation 2 (left axis). For full details
of the estimated parameters, see section 2.2. In both figures, the red dashed lines indicate (other) kinks in the income tax schedule at
$9,851 and $11,789 respectively. The sample consists of the overall workforce (non-DI) with some labor market earnings during the
calendar year during 2015-2017. Standard errors (in parentheses) are calculated by bootstrap using 500 replications.



Figure A.7: Sensitivity to Counterfactual Specification in Missing Mass Estimation: First
Kink in the Income Tax Schedule ($6,667)

(a) Linear Extrapolation: Sensitivity (b) Polynomial Method: Sensitivity
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Notes: Figure A displays the estimated missing work (m) for the workforce-sample (non-DI) where the counterfactual labor force
participation (LFP) is estimated by a linear extrapolation by using different number of bins to the left of the kink to estimate LEP
(indicated by the horizontal axis). The red vertical line indicates our main specification using 22 bins to the left of the kink to estimate
LEP. Similarly, Figure B displays the observed LFP and estimated counterfactual LFP which is estimated by a n-th degree polynomial
omitting bins in the excluded region as described in equation 2, where the degree of the polynomial (1) is indicated by the horizontal
axis. The dashed horizontal line indicates our main specification using a 7-th degree polynomial to estimate LEP. Both specifications
use a 7-th degree polynomial to estimate the counterfactual cumulative earnings density (in order to estimate m). For full details of the
estimated parameters, see section 2.2. The sample consists of the overall workforce (non-DI) with some labor market earnings during
the calendar year during 2015-2017. Standard errors (indicated by the dashed lines and vertical bars) are calculated by bootstrap using
500 replications.

Figure A.8: Sensitivity to Order of Polynomial in Bunching Estimation: First Kink in the
Income Tax Schedule ($6,667)
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Notes: Figure A displays estimated year-end bunching (b12) for the workforce-sample (non-DI) where the counterfactual earnings
distribution is estimated by a n-th degree polynomial (indicated on the horizontal axis). Similarly, Figure B displays the estimated
fraction hours constrained («) for different orders of polynomial to estimate the number of year-end bunchers. For the full details
of the estimated parameters, see section 2.2. In both figures, the dashed horizontal lines indicate our main specification using a 7-
th degree polynomial to estimate the counterfactual density. The sample consists of the overall workforce (non-DI) with some labor
market earnings during the calendar year during 2015-2017. Standard errors (indicated by the vertical bars) are calculated by bootstrap
using 500 replications.



B Theory

Proposition 1 follows from two lemmas.

Lemma 1. If her total earnings hit strictly below the kink, it is optimal for the flexible worker to
work every month.

Proof. If total earnings hit strictly below the kink, a necessary condition at the optimum is

6" [wu (hw + x) — 0D’ ()] =0,

which is time invariant (as we can just divide out by the discount factor). Accordingly, if

total earnings hit strictly below the kink, it is optimal for the worker to work all year. [J

Lemma 2. If a flexible worker’s total earnings hit above the kink, it is optimal to stop mid-year
only if her marginal disutility of work at 0, D’ (0), is strictly positive .

Proof. There are two cases. First, let a flexible worker’s total earnings hit the kink exactly,
ie., wY 2, h; = K. We will show that #; > 0 for all t. Suppose for the sake of contradiction
not: suppose first there exists some t and t' > t such that iy = O but hy = h > 0. We

perturb the worker’s payoff as follows. The derivative of
u (hyw + x) — 0D (hy) + 8"~ [u (h — hy)w + x) — 6D (h — hy)],
with respect to hy, evaluated at h; = 0, is
wi' (x) — 8D’ (0) — 8 " [wu' (hw + x) — 6D’ (h)] > 0,

provided D’(0) is sufficiently low, contradicting the optimality of iy = 0. Second, suppose
there exists some #’ such that iy = 0 for all t > #'. Pick an arbitrary t > t. The derivative
of

u(hw(l—1)+x)—6D (h),

with respect to hy, evaluated at hy = 0, is
w(1—71)u' (x) — 0D (0) >0,

provided D’(0) is sufficiently low, contradicting the optimality of h; = 0.

The second case is that in which a flexible worker’s total earnings strictly exceed the



kink. Lets (s € {0,...,11}) denote the last period before earnings strictly exceed the kink:

i=1

t
S = max{te {0,...,11} : thi gK}.

By an identical perturbation argument as above, and by the definition of s, it must be the
case thath; > 0 for all t < s 4 1. But then the derivative of the objective with respect to h;
forany t > s+ 2, evaluated at iy =0, is

5w —1)u' (x) — 6D’ (0)),
which is weakly less than 0 if and only if
D' (0) > w (1 —1)u' (x).

As the right hand side of this inequality is strictly positive, the result follows. O

B.1 Benefits Reduction

In the text, we remarked that there is little qualitative difference between a tax and a bene-
tits reduction. We now elaborate on this comment. We assume that the tax is implemented
via reduction in future benefits as follows. Let the worker be eligible for a nominal annual
benefit of 12x, and let

e y; = Y!_; hjw denote cumulative labor income through period ¢,

* x; denote the benefit paid in period ¢,

X; denote cumulative benefits paid through ¢,

K denote the maximum cumulative labor income before benefit reduction begins,

and

T € (0,1) denote the clawback rate applied to income above K.

Define the allowable annual income at time t , A;:

4 yt +12x, it vy <K
t= .
K+12x+ (yr —K)(1—=1), if K<y

For all j > t, given cumulative benefits paid up to that point,X;_1, the per-period benefit
X is
]



At —yr — Xp 1
12 —t+1
Observe that for all ¢ such that y; < K, x; = x. Moreover, it is easy to see that when

x]-:

viewing the tax and benefits schedule from an annual perspective, this setup is identical
to that in the text. However, there are subtle differences in our model with month-by-
month labor supply decisions. In particular, the direct tax takes place “instantaneously,”
whereas the benefit reduction is spread out over the subsequent months. This, of course,
only makes it more attractive for a flexible worker to work every period as this spreading
diminishes the effective penalty to working (due to the concavity of the utility function
and impatience).

Evidently, for a flexible worker, Lemma 1 still holds exactly (the tax- and benefits-
reduction specifications are identical below the kink). There is also an analog of Lemma 2

Lemma 3. If a flexible worker’s total earnings hit above the kink and her marginal disutility of
work at 0 is 0 (or sufficiently low), it is never optimal for her to stop mid-year.

Proof. 1f earnings hit the kink exactly, i.e., w 21'121 h; = K, we can mimic the first part of
the proof of Lemma 2 nearly exactly to yield the result. Suppose now that it is optimal
for earnings to strictly exceed the kink. Take an arbitrary period t > s + 1 and let dU /dh;
denote the derivative of continuation utility from period t onward with respect to 4, eval-
uated at iy = 0, under the assumption that D’(0) = 0. Then,

du _gt—1, T I dx;
d_htht:o_(s wu(xt)(l 12_t+1)+i§r15 u' (hw + x;) T

Observe that the first term is strictly positive, whereas each term in the sum is strictly

negative. We now bound the magnitude of these spillover terms. As all y; > K,

dx;
dhy

Tw

S P foralli >t

Moreover, by the concavity of 1, we have u’(hjw + x;) < u'(x;). Thus,

12 12
' dx; TWw -
Y. oW (hw+x) | <ul(x) ——— Y oL
i=t+1 dhy 2—-t+1 i=t+1

Let us compare this upper bound to the first term. Dividing out, it is easy to see that it



suffices to assume that 6 = 1. Accordingly, we have

1_ T T(12 —t)
12—t+1" 12—-t+1

& 12—t+1-1t>71(12—-t) < (12—t+1)(1—7) >0,

which holds for all T € (0,1). O

B.2 Relaxing Additive Separability

In the text, we specify the following period ¢ utility
u(hyw (1 —7(ye)) +x) — 6D (hy).

Let us now check that our result that flexible workers do not stop mid-year is not specific

to this functional form. Indeed, suppose a worker’s period t utility is instead

u (Ct/ hl’/ 9) ’
which we assume to be

¢ continuously differentiable in both arguments;

* strictly increasing in consumption and strictly decreasing in labor: %—Z(C, h;0) >0

and g—z(c, h;0) < 0; and
® concave.

Then, letting
U =u(hw(1—1(ye)) +x,h0),

we have an analog of Lemmas 3 and 4:

Proposition 2. For a flexible worker, if a worker’s marginal disutility of work at 0 is O for all
c < x, it is not optimal for her to stop mid-year.

Proof. Suppose earnings hit above the kink and consider a period beyond the kink . Then

the workers marginal utility at i; = 0 is

du;

au, u ou

. (x,0;0) + =—(x,0;06).

=w(l—1) 5

We omit the arguments for the other periods (crossing and pre-crossing), as the logic is
identical. u
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