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Half of the jobs in the United States feature pay for performance. We
derive incidence and optimum formulas for the rate of tax progressiv-
ity and the top income tax rate when such labor contracts arise from
moral hazard frictions within firms. Our first main result is that the sen-
sitivity of the worker’s compensation to performance is roughly invari-
ant to tax progressivity. Second, the optimal tax schedule is strictly less
progressive than in standard models that treat pretax earnings risk as
exogenous. Quantitatively, the welfare cost of not accounting for per-
formance pay when choosing tax progressivity is 0.3% of consumption.

Introduction

The considerable increase in income inequality observed since the 1980s
is in large part due to the explosion of performance-based forms of
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remuneration at the top of the income distribution, such as the rise in
bankers’ bonuses or CEOs’ stock options. While performance-pay contracts
are particularly prevalent for high earners, they are common throughout
the income distribution and across occupations, from agricultural work-
ers paid a piece rate to real estate brokers or retail workers who earn a com-
mission on their sales. Lemieux, MacLeod, and Parent (2009) estimate that
in the United States almost half of all jobs—and three-quarters within the
top percentile of the income distribution—involve performance-based com-
pensation. Given the importance of performance-based earnings and their
contribution to growing income inequality, it is natural to ask how govern-
ments should tax them.What is the incidence of tax policy on performance-
pay contracts? In particular, how do taxes affect the pay-performance sen-
sitivity—that is, the relationship between a worker’s performance and their
compensation? How should the overall progressivity of the income tax sched-
ule and the tax rate on top earners be designed to account for the existence
of performance pay?
This paper provides answers to these questions. We set up a model of

moral hazard in the labor market that gives rise to performance pay in
equilibrium. In our model, income disparities arise from two distinct
sources: ex ante ability differences, which cannot be insured by firms,
and ex post performance (or output) shocks. Specifically, as in Rogerson
(1985), the output of each worker is stochastic and either high or low.
Workers can increase the probability of high output by exertingmore (un-
observable and costly) effort. Firms can observe workers’ ability and their
realized output but not their labor effort. As a result, they design a contract
that offers a base salary plus a bonus when realized output is high. Such a
contract provides only partial insurance against output risk: while provid-
ing better insurance lowers the firm’s cost of giving workers their reserva-
tion utility, it also reduces their incentives to exert effort.1 The government

1 There is strong field-experimental evidence of moral hazard frictions in the workplace
(see, e.g., the review by Lazear 2018). Performance pay can also be microfounded by mod-
els of adverse selection, in which incentive pay is offered to attract workers with higher un-
observed ability. Lazear (2000), Brown and Andrabi (2020), and Leaver et al. (2021) find
empirical support for both moral hazard and adverse selection, the former accounting for
at least half of the overall effect of performance pay on productivity.
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uses the income tax to redistribute between workers with different ex ante
abilities, taking into account the fact that the amount of earnings risk em-
bedded in the labor contracts—the size and the frequency of receiving the
bonus—is endogenous to the tax system.
We first take a positive standpoint and evaluate the incidence of nonlin-

ear taxes on the design of performance-pay contracts. An increase in the
rate of taxprogressivity causes twooffsetting effects on the sensitivity of earn-
ings to performance. First, it leads to a standard crowding out of the private
insurance provided by the firm: in response to an improvement in social in-
surance via tax progressivity, firms endogenously raise the pay-performance
sensitivity (i.e., spread out pretax earnings), so that the worker’s incentives
for effort remain unchanged.2 Second, it also generates a crowding in of the
earnings distribution. This is due to the fact that, as in standard models of
taxation (e.g., Mirrlees 1971), higher marginal tax rates reduce optimal la-
bor effort. In turn, eliciting a lower effort level allows the firm to improve
insurance by lowering the sensitivity of pretax earnings to performance.
This earnings compression counteracts the direct crowd-out mechanism.
The first main result of our paper is that while taken separately these

effects are both significant, they are of the same order of magnitude.
Thus, summing them implies that taxes barely affect the sensitivity of
(pretax) earnings to performance. Furthermore, we show that this insight
is robust to alternative forms of performance pay: it continues to hold
when optimal contracts are a linear function of performance, such as
piece rates or commissions (Holmstrom and Milgrom 1987); when they
are convex, such as stock options (Edmans andGabaix 2011); or when in-
centives are provided over time (Edmans et al. 2012). This may help ex-
plain why empirical studies of the impact of income taxes on the structure
of performance-pay contracts often fail to find significant crowding out;
see Rose and Wolfram (2002) and Frydman and Molloy (2011).
Next, we take a normative standpoint. The second main result of our

paper is that even though the combined effect of the crowd out and crowd
in leaves the labor contract almost unaffected by taxes, the endogeneity of
earnings risk reduces the optimal level of progressivity of the tax schedule.
We derive two variations of this insight: we provide analytical formulas
for (i) the optimal rate of progressivity in a parametric class of tax func-
tions and (ii) the optimal tax rate on top income earners. In both cases,
the optimum is strictly lower than in the benchmark setting with exoge-
nous private insurance—as long as the social welfare weight placed on
top earners is positive in the second case.

2 Theoretically, the crowd out of private insurance has been shown to severely limit the
ability of governments to provide social insurance—see Attanasio and Ríos-Rull (2000),
Golosov and Tsyvinski (2007), and Krueger and Perri (2011). Empirically, such crowding
out has been observed in health insurance (Cutler and Gruber 1996a, 1996b; Schoeni
2002) and unemployment insurance (Cullen and Gruber 2000).
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These results follow from the fact that, by the envelope theorem, the
crowd-in channel affects workers’ utility only up to a second order. The
crowd out, on the other hand, has first-order negative welfare conse-
quences. As a result, any insurance gain from higher progressivity comes
at the welfare cost of crowding out private insurance. This eliminates the
role of the income tax as an insurance device against output shocks. More-
over, we show that tax cuts are less accurately targeted toward high-
marginal-utility agents than in models where private insurance is exog-
enous. Indeed, the need to preserve incentives requires an adjustment to
gross earnings in favor of the high performers of a given ability type, who
therefore command a disproportionately large share of the tax cut. This
regressive distribution of rents within firms further dampens the welfare
benefits of redistributive taxation.
To complement this theoretical analysis, we calibrate the model to US

data. Our model features both performance-pay and fixed-pay jobs and
accurately matches the first and second moments of the earnings distri-
bution within each job category, as well as the incidence of performance-
pay jobs by income quartiles. We first document that, in line with our the-
oretical findings, changes in tax progressivity have very little impact on
the pay-performance sensitivity of labor contracts. Quantitatively, the crowd-
in effect offsets more than 90% of the crowd out in terms of the ratio of
bonus to base pay and more than 100% in terms of the variance of log
earnings. Thus, while higher progressivity does lead to lower labor effort
and lower mean earnings—with implied elasticities that match empirical
evidence—it leaves earnings risk largely unaffected.
We then proceed to computing the optimal tax policy. Focusing first

on the optimal rate of tax progressivity, we find that a utilitarian planner
would choose a progressivity rate of 0.38, which is more than twice as high
as the current progressivity in the United States. Furthermore, a “naive”
planner who ignores the endogeneity of earnings risk would choose an
evenhigher progressivity rate of 0.43. Thewelfare cost of such a policymis-
take is equivalent to a 0.3% fall in consumption.We show that these results
crucially depend on the share of performance-pay jobs in the economy: if
all jobs in the United States featured performance pay—rather than only
half, as is currently the case—then the welfare cost of ignoring endoge-
nous earnings risk would more than quadruple. Second, we find that the
optimal tax rate on top earners is lower than the one chosen by the naive
planner, who ignores these workers’ utility losses due to the crowd out of
private insurance, and that the difference between the two increases in
their weight in the social welfare objective. If top earners have a relatively
low marginal social welfare weight (relative to the average worker), then
the policy mistake of the naive planner will be small as well. Performance
pay can justify much lower tax rates at the very top but only when society
places a substantial weight on the welfare of the highest earners.
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Finally, we examine the sensitivity of our main results to the chosen pa-
rameter values and data moments, including the Frisch elasticity of labor
effort, the variance of log earnings in performance-pay jobs, and the em-
pirical probability with which performance-pay workers receive bonuses.
Our main results are robust to these alternative parameter values. In all
the alternative calibrations we consider, the crowd in of private insurance
always offsets most (85%–98%) of the crowd out, and the rate of progres-
sivity chosen when ignoring the endogeneity of earnings risk is higher than
the optimal rate by 0.03–0.075, relative to the baseline value of 0.05.
Literature review.—Several papers study optimal taxation with labor

markets constrained by agency frictions. Golosov and Tsyvinski (2007)
analyze a model in which firms employ ex ante identical workers who
are subject to private productivity shocks and can engage in hidden asset
trades. Stantcheva (2014) focuses on the adverse selection model of the
labor market of Miyazaki (1977). Scheuer (2013) analyzes a choice be-
tween payroll employment and entrepreneurship that is distorted by ad-
verse selection in the credit market. In contrast to these papers, we study
labormarkets that are constrained bymoral hazard frictions. Empirically,
there is growing reduced-form and structural evidence that moral hazard
in labor markets is pervasive (Foster and Rosenzweig 1994; Prendergast
1999; Shearer 2004; Lazear and Oyer 2010; Bandiera, Barankay, and
Rasul 2011; Ábrahám, Alvarez-Parra, and Forstner 2016), that employers
are important providers of insurance for their employees (Guiso, Pistaferri,
and Schivardi 2005; Lamadon 2016; Friedrich et al. 2019; Lamadon,
Mogstad, and Setzler 2019), and that the fraction of jobs with explicit
pay for performance is high and rising (Lemieux, MacLeod, and Parent
2009; Bloom and Van Reenen 2010; Bell and Van Reenen 2014; Grigsby,
Hurst, and Yildirmaz 2019; Makridis and Gittleman 2022).
Ferey, Haufler, and Perroni (2022) also study the effects of tax policy

in a setting with performance-pay contracts due to moral hazard. While
we allow for a continuous effort choice, they assume that effort is binary,
which limits individual effort responses and the crowd-in effect within
firms that is at the core of our analysis.3 Chetty and Saez (2010) derive a
reduced-form sufficient statistics formula for the optimal linear tax in
the presence of linear private insurance contracts that can be subject to
agency frictions. By contrast, we provide an explicit and tractable struc-
tural microfoundation for the equilibrium labor contracts. This allows
us to analytically characterize the effects of nonlinear government policy
on private insurance contracts via crowd-out and crowd-in responses and

3 In their framework, tax reforms still have a distortionary impact on effort in the aggre-
gate by affecting the measure of firms that choose to incentivize effort via performance-pay
contracts—an extensive margin response. By contrast, in our framework, taxes distort in-
dividual labor effort and within-firm insurance in already existing performance-pay jobs—
an intensive margin response.

redistribution with performance pay 375



derive explicit theoretical formulas for the tax incidence and optimal taxes
in terms of underlying structural parameters. Kaplow (1991) shows that
the optimal linear tax in a setting with endogenous private insurance con-
strained by moral hazard is zero. This result holds in our setting as well,
but we also allow for ex ante heterogeneous agents, which gives the gov-
ernment a redistributive role.
An important strand of papers studies income taxation in the presence

of endogenous consumption insurance, which can take the form of pri-
vate insurance markets (Cremer and Pestieau 1996; Netzer and Scheuer
2007), asset trades (Park 2014; Ábrahám, Koehne, and Pavoni 2016; Chang
and Park 2017), or informal exchanges in family networks (Attanasio and
Ríos-Rull 2000; Krueger and Perri 2011; Heathcote, Storesletten, and Vio-
lante 2017; Raj 2019). In contrast to these papers, it is pretax earnings
risk—rather than consumption risk—that is endogenous to policy in our
model. This distinction matters since changes in earnings risk have a di-
rect impact on tax revenue when the income tax is nonlinear, while changes
in consumption risk with exogenous wages do not have a direct fiscal im-
pact.4 Other papers endogenize earnings risk by focusing on human cap-
ital accumulation (Findeisen and Sachs 2016; Stantcheva 2017; Craig
2019; Kapička and Neira 2019; Makris and Pavan 2021), job search (Sleet
and Yazici 2017), or wage randomization in response to excessive tax re-
gressivity (Doligalski 2019). Finally, our paper relates to the literature on
redistributive taxation in environments with earnings uncertainty and
moral hazard (see, e.g., Eaton and Rosen 1980; Varian 1980; Boadway and
Sato 2015). In these papers, however, there is no layer of endogenous pri-
vate insurance between workers and the government; earnings risk is thus
exogenous, and the government is the sole provider of insurance.
The paper is organized as follows. In section I, we set up our baseline

environment. Section II contains our analysis of the incidence of tax pro-
gressivity on the design of labor contracts. In section III, we characterize
the optimal rate of progressivity and the optimal tax rate of top earners.
Section IV evaluates our findings quantitatively. The proofs and addi-
tional results are collected in the appendix.

I. Environment

There is a continuum of mass one of agents indexed by their exogenous
ability v ∈ R1 distributed according to the cumulative distribution func-
tion F anddensity f. Preferences over consumption c and labor effort ‘ are
represented by the utility function logðcÞ 2 hð‘Þ, where h is twice con-
tinuously differentiable and strictly convex.

4 Naturally, there can be indirect effects from consumption insurance to tax revenue
through precautionary labor supply, as in Netzer and Scheuer (2007).
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A worker with ability v who provides effort ‘ can produce two levels of
output: either v with probability pð‘Þ or zero with probability 1 2 pð‘Þ,
where p :R1 → ½0, 1� is continuously differentiable and concave. With-
out loss of generality and unless otherwise stated, we normalize units of
effort so that pð‘Þ 5 ‘ ∈ ½0, 1�.5
Firms observe both the agent’s ability and their realized output but not

their effort. The labor contract thus specifies two values for earnings z: a
base pay z if output is low and a high-level pay �z if output is high, with �z ≥ z.
We denote the bonus by b 5 �z 2 z and the pass-through of output risk to
log earnings by b ; logð�z=zÞ. The parameter b is our measure of the per-
formance sensitivity of pay.
The government levies nonlinear income taxes. A worker with earn-

ings z consumes their after-tax earnings c 5 RðzÞ, where R :R1 →R is
the retention function. Throughout the paper, we denote the utility over
pretax earnings by vðzÞ ; logðRðzÞÞ and assume that v is concave. This
restriction imposes that the tax schedule is not too regressive;6 in particu-
lar, it always holds under the following class of tax schedules, on which
some of our results rely.
Definition 1 (CRP tax schedule). The tax schedule has a constant

rate of progressivity (CRP) if there exist t ∈ R and p ∈ ð2∞, 1Þ such that
RðzÞ 5 ðð1 2 tÞ=ð1 2 pÞÞz12p.7

Labor contract.—A firm that hires a worker with ability v takes the tax
schedule and the worker’s reservation value U(v) as given. It chooses the
earnings contract {zðvÞ, �zðvÞ} to maximize its expected profit:

ΠðvÞ 5 max
z,�z

‘v 2 E½zjv�, (1)

where E½zjv� 5 ð1 2 ‘Þz 1 ‘�z denotes agent v’s expected earnings under
the contract, subject to the incentive constraint

‘ 5 arg max
l ∈ ½0,1�

ð1 2 lÞvðzÞ 1 lvð�zÞ 2 hðlÞ (2)

and the participation constraint

5 The disutility of effort must then be renormalized as ~h ; h ∘ p21. For clarity, we keep
the notation hð‘Þ, except in our calibration exercises that require positing functional forms
for h and p.

6 See the appendix for details. It is a natural restriction: Doligalski (2019) shows that
when this condition is violated, firms have incentives to offer stochastic earnings even in
the absence of moral hazard frictions. Furthermore, a tax schedule that encourages such
earnings randomization is Pareto inefficient.

7 The CRP tax code is a good approximation of the US tax system; see, e.g., Heathcote,
Storesletten, and Violante (2017). The rate of progressivity p is equal to (minus) the elas-
ticity of the retention rate R 0(z) with respect to income z. Alternatively, 1 2 p is equal to the
ratio of marginal retained income R 0(z) to average retained income RðzÞ=z.

redistribution with performance pay 377



E½vðzÞjv� 2 hð‘Þ ≥ U ðvÞ, (3)

where E½vðzÞjv� 5 ð1 2 ‘ÞvðzÞ 1 ‘vð�zÞ.
We assume that there is free entry of firms in the labor market. Thus,

the equilibrium reservation value U(v) is such that

ΠðvÞ 5 0: (4)

As long as the equilibrium effort level is interior, the first-order condi-
tion of the maximization problem (2) is necessary and sufficient to en-
sure global incentive compatibility:8

vð�zÞ 2 vðzÞ 5 h0ð‘Þ, (5)

or equivalently, Rð�zÞ=RðzÞ 5 expðh0ð‘ÞÞ. This equation plays an impor-
tant role in our analysis. Intuitively, inducing a worker to provide a given
level of labor supply requires promising a larger reward for performance
if the marginal disutility of effort is higher. Since h is convex, this implies
that eliciting a higher effort from workers in the presence of moral haz-
ard can be achieved only by raising their exposure to output risk. In par-
ticular, when the tax schedule is CRP, it immediately implies that the pass-
through of output risk to log earnings is given by b 5 h0ð‘Þ=ð1 2 pÞ.
In the following lemma, we derive the equilibrium labor contract be-

tween a firm and a worker with ability v. For simplicity, it focuses on the
case of a CRP tax schedule, which leads to a particularly sharp character-
ization. We generalize it to arbitrary tax schedules in the appendix.
Lemma 1 (Equilibrium contracts). Suppose that the tax schedule is

CRP. Equilibrium earnings are given by

zðvÞ 5 1

1 1 ‘ðeb 2 1Þ ‘v and �zðvÞ 5 eb

1 1 ‘ðeb 2 1Þ ‘v, (6)

where the pass-through parameter b is given by

b 5
h0ð‘Þ
1 2 p

: (7)

The effort level ‘ is independent of v and satisfies

v 5 b 1
1

1 2 p
‘ð1 2 ‘Þ h00ð‘Þ b: (8)

Expected utility is given by

U ðvÞ 5 vð‘vÞ 2 hð‘Þ 2 ð1 2 pÞ logðE½z v�Þ 2 E½logðzÞj jv�f g, (9)

with logðE½zjv�Þ 2 E½logðzÞjv� 5 logð1 1 ‘ðeb 2 1ÞÞ 2 b‘.

8 Rogerson (1985) credits an unpublished paper by Holmstrom (1984) for the first
proof of validity of the first-order approach in such a setting.
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To interpret lemma 1, consider first the benchmark setting where the
firm can perfectly monitor the worker’s effort. In this case, the firm pro-
vides full insurance against output risk, so that b 5 0. Workers with ability
v who provide effort ‘ earn their expected output regardless of their per-
formance, z 5 �z 5 v‘. Their utility is then equal to UðvÞ ; vðv‘Þ 2 hð‘Þ.
Note that this setting is equivalent to the standard Mirrlees (1971) model,
in which the relationship z 5 v‘ between labor effort and income also holds.
Earnings.—Equation (6) characterizes the equilibrium level of base pay

and high-level pay in the presence of moral hazard frictions. Notice first
that the previous relationship continues to hold on average: the free-entry
condition (4) imposes that workers’ expected earnings E½zjv� remain equal
to their expected output ‘v. However, providing effort incentives im-
plies that realized earnings must now be dispersed around their mean;
that is, the firm provides only partial insurance against output risk:
0 < z < v‘ < �z < v. At the heart of our paper lies the observation that the
optimal degree of within-firm insurance (in particular, the pass-through
parameter b) is endogenous to the tax system.
Labor effort.—To interpret the optimality condition for effort (8), sup-

pose that the firm aims to elicit marginally higher effort from the worker.
The expected output gain, on the left-hand side, is v. Keeping the earn-
ings structure z, �z, b fixed, the firm incurs an additional cost b, since it
must pay a bonus to the worker more frequently.9 In addition, the firm
needs to raise the earnings spread to incentivize the worker to actually ex-
ert this extra effort. Specifically, we saw that the pass-through parameter b
must increase proportionately to the rise in the marginal disutility of ef-
fort, h00ð‘Þ. Exposing risk-averse workers to more earnings risk creates an
additional cost for the firm, because keeping their participation constraint
satisfied requires increasing their mean earnings. We call the correspond-
ing term in (8) (second term on the right-hand side) the marginal cost of
incentives (MCI).
Utility.—Equation (9) decomposes the worker’s expected utility into

three components. The first is the utility they would attain under full
insurance, UðvÞ 5 vðv‘Þ 2 hð‘Þ. The second term on the right-hand side
(in curly brackets) captures that the incompleteness of private insurance
makes risk-averse workers worse off. The utility loss associated with a given
earnings lottery z is equal to the utility difference between expected earn-
ings E½zjv� and the certainty equivalent.10 Third, this utility loss is weighted
by (1 2 p): all else equal, a higher level of tax progressivity reduces the var-
iance of disposable income that the consumer faces, which dampens the
welfare cost of earnings uncertainty. Thus, keeping earnings risk and the
level of effort fixed, higher social insurance raises welfare.

9 Note that, by eq. (5), this is just sufficient to compensate the worker for the higher ef-
fort level and keep the participation constraint satisfied.

10 Recall that the certainty equivalent zCE is defined by logðzCEÞ 5 E½logðzÞjv�.
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II. Tax Progressivity and Performance
Sensitivity of Pay

In this section, we study the incidence of taxes on the equilibrium la-
bor contracts—in particular, on the amount of earnings risk to which
the worker is exposed. For clarity of exposition, we focus on the case of
a CRP tax schedule and relegate the general incidence analysis with arbi-
trary tax systems to the appendix. We show that a higher rate of tax pro-
gressivity has two opposite effects—crowd out and crowd in—on pretax
earnings risk. These two effects almost exactly offset each other, so that
private insurance remains roughly invariant to tax policy.
Crowd out.—Equation (7) shows that the pass-through b is inversely pro-

portional to 1 2 p, so that, ceteris paribus, a higher rate of progressivity p
leads to a higher earnings spread. This direct effect is a standard crowd-
ing out of private insurance. Intuitively, by raising tax progressivity, the
government compresses the disposable income distribution and there-
fore reduces the worker’s exposure to output risk. The firm responds by
spreading out pretax earnings to preserve the worker’s incentives for ef-
fort. The elasticity of the pass-through with respect to tax progressivity
is given by εb,12p ; ∂ log b=∂ logð1 2 pÞ 5 21. This value implies that, ab-
sent effort responses, the firm adjusts the contract so as to keep consump-
tion insurance (measured by the variance of log consumption) fixed.
Crowd in.—Second, b is proportional to h0ð‘Þ. As a result, tax progres-

sivity affects earnings risk indirectly via the endogenous choice of labor
effort. Denote by ε‘,12p ; ∂ log ‘=∂ logð1 2 pÞ the elasticity of labor effort
(or, equivalently, the frequency of receiving a bonus) with respect to tax
progressivity.
Lemma 2 (Labor supply elasticity). In the model with exogenous

earnings risk, we have ε‘,12p 5 ε‘F=ð1 1 ε‘F Þ, where ε‘F 5 h0ð‘Þ=ð‘h00ð‘ÞÞ gives
the Frisch elasticity of labor supply. In our setting, we have ε‘,12p >
ε‘F=ð1 1 εF‘ Þ > 0. In particular, higher tax progressivity reduces optimal la-
bor effort.
This result shows that in our setting, tax progressivity disincentivizes
labor effort—as in standard models of taxation. This is because greater
progressivity makes high-powered incentives more costly for the firm to
provide: when high levels of income are taxed away more heavily, eliciting
marginally higher effort from the worker requires a larger increase in the
dispersion of pretax earnings and therefore a higher cost for the firm.11

Notice that raising tax progressivity causes a stronger labor supply re-
sponse than in the exogenous-risk environment, because the MCI chan-
nel is muted when effort is observable.

11 This argument echoes the wage-cum-labor demand effect of Lehmann, Parmentier,
and Van der Linden (2011), whereby tax progressivity tends to make high pretax wages
less attractive (which in their setting leads to lower unemployment).
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Now, since it is optimal to reduce the worker’s level of labor supply in
response to a rise in tax progressivity, the firm is able to provide a higher
level of insurance against output risk. This leads to a compression of the
pretax earnings distribution—that is, a crowding in of private insurance.
Let εb,‘ ; ∂ log b=∂ log ‘ denote the elasticity of the pass-through param-
eter b with respect to the desired level of labor supply. Importantly, an im-
mediate consequence of equation (7) is that εb,‘ 5 1=ε‘F . The crowd-in ef-
fect is then given by the product εb,‘ � ε‘,12p.
The following proposition summarizes these effects. It is the first main

result of this paper.
Proposition 1 (Incidence of tax progressivity). The total impact of

tax progressivity on earnings risk is given by

d logb

d logð1 2 pÞ 5 εb,12p 1 εb,‘ε‘,12p 5 21 1
ε‘,12p

εF‘
> 2

ε‘F

1 1 ε‘
F : (10)

It is negative (net crowding out) if ε‘,12p < ε‘F and positive (net crowd-
ing in) otherwise.12 The crowd in offsets at least a share 1=ð1 1 ε‘F Þ of the
crowd out.
Crowd out and crowd in approximately offset each other.—Proposition 1 im-

plies that the crowding out and crowding in of private insurance have
comparable orders of magnitude. The key insight is that the strength of
the moral hazard friction is inversely proportional to the Frisch elasticity
of labor supply: εb,‘ 5 1=ε‘F . If the elasticity of labor effort ε‘,12p is roughly
equal to the Frisch elasticity, then the crowding in is equal to ε‘,12p=ε‘F ≈ 1—
that is, about the same size (and the opposite sign) as the direct crowd out
εb,12p 5 21. Thus, on net, tax progressivity has only a small impact on the
amount of within-firm insurance: d log b=d logð1 2 pÞ ≈ 0.
Importantly, this insight is robust to the size of the labor supply re-

sponses to taxes. To see this, suppose that effort hardly diminishes in re-
sponse to an increase in tax progressivity. A naive intuition would suggest
that the crowd in, which is driven by labor supply responses, is then neg-
ligible. But proposition 1 shows that the crowd-in effect is bounded from
below by 1=ð1 1 ε‘F Þ, which converges to one as ε‘F → 0. Thus, not only does
the crowding in of private insurance remain large but it offsets (at least as
much as) the entire crowd out in this polar case. Intuitively, it is precisely
because of the worker’s inelastic behavior that the firm is able to dramati-
cally reduce their exposure to output risk without hindering incentives
beyond the small desired reduction in labor effort. In other words, since

12 We show in the appendix that ε‘,12p ≥ ε‘F if and only if ‘ ≥ 1=2. Thus, social insurance
leads to a net crowding out of private insurance if and only if the frequency of receiving the
bonus is below 50%.
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εb,‘ 5 1=ε‘F →∞, the product εb,‘ ε‘,12p does not vanish in the limit, and
the crowding in remains significant even when effort is almost inelastic.
This discussion is correct as long as the labor effort elasticity is in-

deed approximately equal to the Frisch elasticity. In practice, when the
Frisch elasticity is strictly positive, this need not be exactly the case. Sup-
pose that the disutility of (unnormalized) labor effort is isoelastic on R1,
hð‘Þ 5 ‘111=e , with an empirically realistic value of e 5 0:5. The relevant
Frisch elasticity ε‘F in proposition 1, however, is lower than e, since it is
that of the function h ∘ p21, where p is concave (see n. 5). If pð‘Þ 5 ffiffi

‘
p

,
for instance, we get ε‘F 5 e=ð2 1 eÞ 5 0:2. In this case, we find a lower
bound for the crowd-in effect εb,‘ ε‘,12p > 1=ð1 1 0:2Þ 5 0:83. That is, the
earnings risk adjustment due to labor effort responses offsets at least
83% of the crowd out of private insurance caused by tax progressivity.
Even when we raise the Frisch elasticity to e 5 1, at the high end of em-
pirical estimates, the crowd-in effect offsets at least 75% of the crowd out.
Finally, the above results are based on the assumption thatuðcÞ 5 logðcÞ,

which implies a particular strength of the income effect on labor effort and
a particular degree of risk aversion. Nevertheless, our prediction—that the
crowd in offsets most of the crowd out—continues to hold when there is no
income effect and workers are arbitrarily risk averse. In appendix sectionC,
we study the moral hazard framework of Holmstrom and Milgrom (1987)
with preferences uðc, ‘Þ 5 2ð1=gÞ expð2gðc 2 hð‘ÞÞÞ, which imply no in-
come effect and an arbitrary absolute risk aversion controlled by the coef-
ficient g ≥ 0. Assuming that the Frisch elasticity is constant, we show that
the rate at which the crowd in offsets the crowd out is decreasing in risk
aversion g. When workers are risk neutral, the crowd in exactly offsets the
crowd out. Even in the limit where the risk aversion coefficient goes to
infinity, the two effects remain of comparable magnitude. For instance,
assuming a Frisch elasticity of 0.5, the crowd in always offsets at least two-
thirds of the crowd out.
Commissions, stock options, dynamic incentives.—Our baseline model, in

which earnings are binary, is well suited to analyzing contracts that con-
sist of a base salary and a bonus. These represent the largest share of
all performance-based earnings contracts. Nevertheless, it is important
to evaluate whether our main insights carry over to other types of com-
pensation. In appendix section C, we set up several alternative frame-
works. The first, based onHolmstrom andMilgrom (1987), provides con-
ditions under which linear contracts are optimal—a natural setting to study
piece rates or commissions. Stock options can be represented by contracts
that are convex in performance; to analyze the impact and optimality of
tax policy with such contracts in a tractable way, we build on Edmans and
Gabaix (2011). Finally, high-powered incentives can be provided over time
via, for example, promotions or salary raises. To study such dynamic ef-
fects, we use the framework of Edmans et al. (2012).
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Despite their differences, all of these models share a common struc-
ture: when the utility is logarithmic and the tax schedule is CRP, the slope
of the earnings contract, which measures the sensitivity of log earnings to
output shocks, is given by h0ð‘Þ=ð1 2 pÞ.13 This is a direct consequence of
the local incentive constraint, which is common to all of these models of
moral hazard and states that the sensitivity of utility to output shocks must
be equal to the marginal disutility of effort h0ð‘Þ. In turn, this general prin-
ciple implies that our discussion of the incidence of tax progressivity con-
tinues to hold regardless of these modeling differences: a tax change
creates crowd-out and crowd-in effects on the pretax earnings distribu-
tion captured by the elasticities εb,12p 5 21 and εb,‘ 5 1=ε‘F . To the extent
that the impact of the tax change on effort ε‘,12p is close to the Frisch elas-
ticity of labor supply, the contract remains approximately insensitive to
tax policy.

III. Optimal Taxation

In this section, we derive formulas for the optimal rate of tax progres-
sivity and the optimal tax rate on top income earners. The government
chooses the tax schedule, or the retention function R, to maximize a
weighted utilitarian social welfare function

ð∞

0

aðvÞU ðvÞf ðvÞdv (11)

subject to a budget constraint
ð∞

0

E½zðvÞ 2 RðzðvÞÞjv� f ðvÞdv ≥ G , (12)

where the Pareto weights aðvÞ ≥ 0 are continuous in v and satisfyÐ ∞
0 aðvÞf ðvÞ dv 5 1 and where G ≥ 0 is an exogenous expenditure require-
ment. We denote by s the ratio of public spending to aggregate output,
so that ŝ ; s=ð1 2 sÞ is the ratio of public to private consumption.

A. Optimal Tax Progressivity

We first restrict the tax schedule to the CRP class. Proposition 2 char-
acterizes the optimal rate of tax progressivity p under the additional as-
sumptions that the distribution of ability types is lognormal and that the

13 In the case of Holmstrom and Milgrom (1987), the theoretical restrictions on agents’
preferences allow us to study only a constant absolute risk aversion utility function with af-
fine taxes. In this case, the relevant notion of pass-through becomes h0ð‘Þ=ð1 2 tÞ, where t
represents the constant marginal tax rate. Our discussion continues to hold once we focus
on reforms of the tax rate t.
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social welfare objective is utilitarian. The operator Vð�jvÞ denotes the vari-
ance conditional on ability v.
Proposition 2 (Optimal rate of progressivity). Suppose that logv ∼

Nðmv, j2
vÞ and that aðvÞ 5 1 for all v. The optimal rate of progressivity

satisfies

p

ð1 2 pÞ2 5
j2
v 1 k1ð1 1 εb,12pÞVðlogzjvÞ

ð1 1 ŝ=p 1 k2Þ ε‘,12p 1 k3 εb,‘ ε‘,12pVðlogzjvÞ , (13)

with k1 > 0, k2 > 0 for small enough p > 0, and k3 > 0 whenever p > 0.14

The optimal rate of progressivity (13) is strictly lower than with exog-
enous earnings risk (εb,12p 5 εb,‘ 5 0).
Suppose first that firms provide complete insurance against output

risk or, equivalently, that there is no output risk as in Mirrlees (1971).
That is, z 5 �z 5 ‘v. Formula (13) then reduces to

p

ð1 2 pÞ2 5
j2
v

ð1 1 ŝ=pÞε‘,12p

:

The optimal rate of progressivity is increasing in inequality, measured by
the variance of the log ability distribution j2

v , and decreasing in the elastic-
ity of labor effort ε‘,12p, which captures the efficiency cost of distortionary
taxes. Moreover, it is decreasing in the share of government expenditures
in output s, as a marginal tax increase induces a larger deadweight loss if
the tax burden is already large due to high spending needs.
Suppose next that the firm provides incomplete insurance against out-

put shocks, so that�z > z and b > 0, but that earnings risk is exogenous, so
that εb,12p and εb‘ are both equal to zero. Formula (13) then reads

p

ð1 2 pÞ2 5
j2
v 1 k1VðlogzjvÞ

ð1 1 ŝ=p 1 k2Þε‘,12p

: (14)

Compared with the full-insurance benchmark, the dispersion of earnings
in the population is nowmechanically larger than that of ability types v. Tax
progressivity thus plays two roles: redistribution across ex ante ability differ-
ences (measured by the variance j2

v) and social insurance against ex post
earnings risk (measured by the conditional variance of pretax earnings
VðlogzjvÞ).15 This contributes to raising the optimal rate of progressivity.
Moreover, a change in taxes now not only affects the income levels z, �z

14 We have k1 5 1=ðbð1 2 pÞÞðRð�zÞ 2 RðzÞÞ=E½RðzÞjv�, k2 5 ‘ðð1 2 pÞ=pÞðb=E½zjv� 2 ð1=
ð1 2 pÞÞðRð�zÞ 2 RðzÞÞ=E½RðzÞjv�Þ, k3 5 ðð1 2 pÞ=ðbpÞÞðb=E½zjv� 2 ðRð�zÞ 2 RðzÞÞ=E½RðzÞjv�Þ.
If k2, k3 > 0, the optimal p is also strictly lower than in the full-insurance Mirrlees benchmark.

15 Up to a second order as b→ 0, the numerator of (14) equals the total variance of log
earnings in the population, j2

v 1 VðlogzjvÞ. That is, optimal progressivity is an increasing
function of overall earnings inequality, regardless of whether it is driven by innate ability
differences or idiosyncratic performance shocks.
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on the intensive margin but also triggers a response on the frequencymar-
gin by altering the probability ‘ with which the high income level �z, and
hence the high tax payment, occurs. Accounting for these additional dis-
tortions gives rise to the additional term k2 in (14).16

Fiscal externalities from endogenous insurance.—Finally, consider the general
case where earnings risk, captured by the pass-through b, is endogenous to
taxes. The optimal tax formula (13) first accounts for the fact that if the tax
schedule is strictly progressive, a spread of the pretax earnings distribution
caused by the crowding out of private insurance (analyzed in sec. II) gen-
erates a positive fiscal externality—that is, a first-order gain in government
revenue. Conversely, an earnings compression due to the crowding in of
private insurance induces a negative fiscal externality. These are conse-
quences of Jensen’s inequality: a progressive tax code generates more rev-
enue for the government if earnings aremore volatile, keeping theirmean
constant. Formally, the crowd out εb,12p < 0 and crowd in εb,‘ ε‘,12p > 0 af-
fect government revenue by 2ðp=ð1 2 pÞ2Þk3ðεb,12p 1 εb,‘ ε‘,12pÞVðlogzjvÞ.
Note that the denominator of formula (13) features only the negative ex-
ternality from the crowd-in channel. This is because, as we argue next, the
positive fiscal externality caused by the crowd out is (more than) compen-
sated for by its negative welfare impact.
Welfare losses from endogenous insurance.—The crowd out of private insur-

ance also causes two welfare losses. Importantly, by the envelope theo-
rem, these losses are not counteracted by corresponding welfare gains
from the crowd-in responses: recall that the crowding in of private insur-
ance due to an increase in tax progressivity operates via adjustments in
optimal labor effort, thus leading to (at most) second-order welfare ef-
fects. First, the crowd out of private insurance exactly offsets the welfare
benefits of social insurance, since 1 1 εb,12p 5 0 in the numerator of (13).
Intuitively, any attempt by the government to compress the distribution
of disposable income leads the firm to raise the dispersion of pretax earn-
ings one for one to preserve the worker’s effort incentives.17 Thus, in con-
trast to the case of exogenous private insurance, the government should
not provide any social insurance against performance shocks: the numer-
ator of (13) reduces to the benefits of insuring exogenous ability dispar-
ities v, measured by the variance j2

v .

16 The intensive-margin behavioral responses affect government revenue proportion-
ately to the income-weighted marginal tax rates E½T 0ðzÞz�ε‘,12p , while the frequency-margin
responses affect revenue proportionately to the gap in total tax payments (or average tax
rates) between the high- and low-performance states ‘ðT ð�zÞ 2 T ðzÞÞε‘,12p . If p 5 0, then
k2 5 0; in this case, the marginal and average tax rates coincide, so that no additional cor-
rection is necessary.

17 More precisely, recall that the firm does not actually keep labor effort unchanged. But
by the envelope theorem, the welfare consequences of the corresponding crowding in are
second order.
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The second negative welfare effect of the crowd out is more subtle. It is
due to the fact that tax cuts lead to endogenous changes in the pay struc-
ture that render them less precisely targeted than in the standard frame-
work. To build intuition, suppose that the tax liabilities at the base pay
and at the high-level pay are lowered by the same amount. Such a reform
increases the worker’s reservation value U(v) by ΔU > 0. The incentive
constraint (5) implies that, to maintain effort ‘, the ex post utility of both
low and high performers must increase by the same amount ΔU.18 Ab-
sent changes in gross earnings, however, the (uniform) tax cut would not
by itself lead to a uniform rise in ex post utility, since the marginal utility
of consumption is strictly decreasing. Consequently, the firm must raise
the bonus and, to ensure that profits remain nonnegative, lower the base
pay. This implies that high performers capture a disproportionately large
share of the tax cut. This regressive distribution of rents within the firm—

away from individuals whose marginal utility of consumption is the high-
est—further reduces the welfare benefits of redistribution via progressive
taxes and exactly offsets the positive fiscal externality described earlier.
Taking stock.—In sum, there are two channels through which endoge-

nous earnings risk matters for tax progressivity: (i) the negative fiscal ex-
ternality due to crowd in and (ii) the negative welfare effect of crowd out,
which exactly offsets the benefits of social insurance.19 As a result, the opti-
mal rate of progressivity (13) is strictly lower than in a setting with exogenous
earnings risk.

B. Optimal Top Tax Rate

In sections II and III.A, we focused on CRP tax schedules. While this func-
tional form closely approximates the marginal and average taxes in the
bulk of the income distribution, it does not naturally lend itself to analyz-
ing the optimal taxation of high-income earners, since it imposes that the
marginal tax rate converges to 100%at the top. In this section, we relax the
CRP restriction and characterize the optimal topmarginal tax rate. This is
an especially salient policy question: a large share of the rise in inequality
since the 1980s has been driven by the explosion of performance-based

18 This is a standard consequence of the separability of the utility function; see, e.g.,
Golosov, Kocherlakota, and Tsyvinski (2003). We derive this property formally in eqq. (19)
and (20) in the appendix.

19 Another way to decompose the novel effects is as follows: (i) the sum of a negative fis-
cal externality from crowd in and a positive fiscal externality from crowd out, which is close
to zero since we saw in proposition 1 that the crowd in and the crowd out approximately
offset each other; (ii) two negative welfare effects of crowd out. Under the parametric as-
sumptions of proposition 2, the positive fiscal externality and the second negative welfare
effect of crowd out exactly cancel out. This is no longer the case in a more general environ-
ment: both of these effects appear explicitly in the optimal tax formulas we derived in our
working paper, Doligalski, Ndiaye, and Werquin (2020).
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forms of compensation for the highest-income earners, such as bankers’
bonuses and CEOs’ stock options (see, e.g., Piketty and Saez 2003; Le-
mieux, MacLeod, and Parent 2009; Bell and Van Reenen 2013).20

Recall that in the full-insurance Mirrlees benchmark, the welfare ef-
fects of taxes are summarized by the marginal social welfare weights
(MSWWs; see, e.g., Saez and Stantcheva 2016). The MSWW of an agent
with ability v and earnings z is defined as the impact on social welfare of
marginally increasing their consumption:

g ðz∣vÞ 5 1

l
aðvÞu0ðRðzÞÞ, (15)

where a(v) represents the Pareto weight of type v in the social objective
and l represents the marginal value of public funds.
Proposition 3 (Optimal top tax rate). Suppose that the distribution

of ability types has an upper Pareto tail, and denote by r* the implied
Pareto coefficient of the right tail of the income distribution. Suppose
moreover that the average elasticity of expected earnings with respect to
the retention rate (weighted by expected earnings) among workers who re-
ceive pay above z* with positive probability converges to a limit E* as z* →∞.
Suppose finally that the marginal social welfare weights converge to a con-
stant g* at the top and that the optimal tax rate t* converges to a constant
above some income threshold. We then have

t*

1 2 t*
5

1 2 wg � g *
wr � r* � E* , (16)

where wg > 1 and wr > 1. Conditional on the values of the sufficient statis-
tics, the optimal top tax rate is lower than in the full-insurance (Mirrlees)
model (wg 5 wr 5 1) and in the exogenous-risk model (wg 5 1).
To understand this result, recall from our analysis in section III.A that a

key step in designing optimal taxes with performance-pay contracts con-
sists of properly accounting for the welfare consequences of perturbing
tax rates. In the full-insurance Mirrlees benchmark, the envelope theo-
rem ensures that all endogenous behavioral responses to tax changes
have at most a second-order impact on the agent’s utility. Hence, a tax
cut raises the worker’s utility in proportion to their marginal utility of
consumption and therefore raises social welfare by g ðzjvÞ. This is no lon-
ger true in the model with performance pay. Recall that the endogenous
responses to a tax change can be decomposed into a direct crowd out and
an indirect crowd in of the earnings contract. While the envelope theo-
rem still applies to the endogenous effort responses and hence to the

20 Bell and Van Reenen (2014) show that in the United Kingdom 83% of workers in the
top percentile received a bonus in 2008 and that bonuses represented 35% of their total
compensation (44% in the financial sector).
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crowding in of private insurance, the earnings adjustments caused by the
crowding out have a first-order impact on welfare.21

To account for this implied welfare implications of the crowd out,
we define the modified MSWW ~g ðzjvÞ as the welfare impact of marginally
reducing the tax liability of an agent with type v and realized income
z ∈ fz,�zg. They satisfy

~g ð�z∣vÞ
g ð�z∣vÞ 5

1=v 0ð�zÞ
E½1=v 0ðzÞ∣v� > 1 and 

~g ðz∣vÞ
g ðz∣vÞ 5

1=v 0ðzÞ
E½1=v 0ðzÞ∣v� < 1: (17)

These expressions imply that, relative to the standard model, the contri-
bution of agents with type v to social welfare is adjusted upward when they
receive a bonus and downward otherwise. These regressive adjustments
to the MSWW reflect the fact that, as explained in section III.A, tax cuts
are passed through within the firm primarily to the high-performing
workers. Intuitively, a tax cut initially generates a rent to the firm, which
is then transferred to the worker via free entry and the resulting adjust-
ment of the reservation value. This distribution of rents to the workers
needs to keep the effort level incentive compatible and hence the utility
difference vð�zÞ 2 vðzÞ unchanged (see eq. [5]). In turn, this implies that
earnings z ∈ fz,�zg must change in proportion to the respective inverse
marginal utilities 1=v 0ðzÞ. Since the marginal utility is decreasing, this
means that the high-level pay ends up risingmore than the base pay. Such
a regressive distribution of rents makes it more difficult than in the full-
insurance environment to target transfers to the workers who need it the
most—that is, to directly raise the consumption of the agents whose mar-
ginal utility is relatively large (namely, the unlucky individuals of a given
ability who do not receive a bonus). This amounts to placing lower (re-
spectively, higher) effective weights on the poorer (respectively, richer)
workers, resulting in a higher topMSWW ~g *=g * ; wg > 1 and a lower op-
timal top tax rate.22

Finally, since the labor contract is chosen before output is realized, the
relevant labor supply elasticity E* in expression (16) is the average effort
response (to a tax change above income z*) of all workers who have a
positive probability of earning more than this income threshold—in-
cluding the unlucky ones whose realized pay ends up below z*. Taking

21 Chang and Park (2017) show a similar partial applicability of the envelope theorem
in an Alvarez and Jermann (2000) economy with asset trades and endogenous borrowing
limits.

22 Notice that if the marginal social welfare weight placed on the top earners converges
to zero (which would be the case, e.g., under a utilitarian planner if the marginal utility of
consumption converges to zero), then the welfare effect of the crowd out is irrelevant,
since wg g* 5 g * 5 0. However, empirical studies based on an “inverse optimum” approach
consistently conclude that the effective weight that society places on the marginal consump-
tion of top earners is generally positive (see, e.g., Lockwood and Weinzierl 2016).
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E* as a sufficient statistic, the Pareto coefficient (which measures the av-
erage income above z* relative to z*) must be scaled up by a factor wr > 1
equal to the ratio between the average income of these workers and the
average income above z*. This adjustment further lowers the optimum
top tax rate relative to the full-insurance benchmark. Note that E* differs
from the “naive” elasticity one would obtain by accounting for only the
earnings responses within the top bracket [z*, ∞). While both concepts
coincide in the Mirrlees benchmark, E* additionally accounts for the fis-
cal externality of the top tax rate on lower-income workers caused by
the fact that these workers could have (at the time they chose their effort)
fallen in the top tax bracket.23

IV. Quantitative Analysis

To evaluate our results quantitatively, we extend our baseline model of
section II (i.e., with a CRP tax schedule) with the following elements. A
share spp of workers have a performance-pay job, and the remaining share
sfp 5 1 2 spp have a fixed-pay job. Performance-pay jobs are subject to the
moral hazard friction described in the previous sections: output is stochas-
tic, equal to the worker’s ability v with probability pð‘ppÞ and zero otherwise,
where ‘pp represents their effort level. The optimal contract specifies earn-
ings as a function of the output realization according to the pass-through
rate b 5 h0ð‘ppÞ=ð1 2 pÞ. Fixed-pay jobs, by contrast, are not subject to
agency frictions and guarantee a risk-free earnings level v‘fp, where ‘fp rep-
resents the worker’s effort level. In equilibrium, all fixed-pay workers ex-
ert the same effort.
We treat the job type of a worker as exogenous. In the data, the share

of performance-pay jobs increases with earnings. To account for this fact
in themodel, we allow for a positive correlation between job type and abil-
ity. Specifically, we assume that ability is drawn from the job-type-specific
Pareto-lognormal distribution (Colombi 1990). Thus, conditional on the job
type j ∈ ffp, ppg, log ability is the sumof independently drawnGaussian and
exponential random variables: logðvÞ 5 xN 1 xE , where xN ∼ N ðmv,j , j2

v,jÞ
and xE 5 expðrv,jÞ.

A. Calibration

We calibrate themodel tomatch empirical evidence on performance-pay
jobs, earnings elasticities, and the overall earnings distribution in the
United States. The chosen parameter values are summarized in table 1.

23 This fiscal externality can in turn be decomposed into crowd out, crowd in, and fre-
quency responses of base earnings. In general, E* can be smaller or larger than the naive
elasticity, depending on the relative importance of these competing forces.
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We examine the robustness of our main results to alternative parametri-
zations at the end of this section.
Lemieux, MacLeod, and Parent (2009) use the Panel Study of Income

Dynamics (PSID) to show that the fraction of performance-pay jobs spp
was 0.45 in 1998, the most recent year included in their analysis. We rep-
licated their analysis and found that mean earnings were 58% higher
in performance-pay jobs than in fixed-pay jobs in 1998.24 This value pins
down mv,pp 2 mv,fp, the difference in mean log abilities between the two
types of jobs. We postulate that the probability of a high-output realiza-
tion is given by pð‘Þ 5 �p ‘f, with f ∈ ð0, 1�. In the data, the average prob-
ability of receiving a bonus conditional on having a performance-pay
job is 23%, which pins down �p.25 The exponent f affects the magnitude
of earnings risk due to performance pay. Lemieux, MacLeod, and Parent

TABLE 1
Calibrated Parameters

Parameter Value Description Source or Target

spp .45 Share of performance-
pay jobs

Lemieux, MacLeod, and Parent
2009

mv,fp 3.43 Mean log ability at
fixed-pay jobs

Mean earnings in the economy

mv,pp 5.29 Mean log ability at
performance-pay jobs

Difference in mean earnings
between job types

jv .29 Normal variance of
log ability

Variance of log earnings in the
economy

rv 2.2 Tail parameter of
log ability

Heathcote and Tsujiyama 2021

�p 45 Level parameter of
p(⋅) function

Mean frequency of bonus
payments

f .82 Curvature of p(⋅)
function

Difference in variance of log
earnings between job types

εF‘ .5 Frisch elasticity of
labor effort

Chetty et al. 2011; Keane 2011

p .181 Tax progressivity Heathcote, Storesletten, and
Violante 2017

G/Y .188 Share of government
spending in GDP

Heathcote and Tsujiyama 2021

Note.—All the target moments are matched exactly.

24 This finding is consistent with other data sources. Gittleman and Pierce (2013) and Makridis
and Gittleman (2022) use the National Compensation Survey to show that performance-pay
jobs pay higher hourly compensation than fixed-pay jobs conditional on the work level (a
proxy for skill) and that performance pay is more prevalent at higher work levels. Similarly,
Grigsby, Hurst, and Yildirmaz (2019) use payroll data to show that the share of compensa-
tion paid in bonuses is increasing with earnings.

25 Based on table II and n. 15 in Lemieux, MacLeod, and Parent (2009), we calculate
that (i) in the 1990s, 82% of performance-pay jobs used bonuses while the rest used piece
rates or commissions, and (ii) the average frequency of receiving performance pay, condi-
tional on having a performance-pay job, was 37%. Given that piece rates and commissions
are paid out with certainty, we calculate that the probability of receiving a bonus, condi-
tional on having a job with bonuses, is 23%.
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(2009) report that the variance of log earnings in performance-pay jobs
is 42% higher than in fixed-pay jobs. This excess variance can be explained
by either the additional earnings risk generated by stochastic bonuses (con-
trolled by f) or a greater dispersion in the ex ante abilities of performance-
pay workers (j2

v,pp > j2
v,fp). In our baseline calibration, we assume that the

entire excess variance arises from the former channel; that is, we assume
that log abilities in the two types of jobs have the same dispersion (j2

v,pp 5
j2
v,fp ; j2

v). This makes performance pay as powerful in affecting earnings
dispersion as the data allows: in our baseline calibration, performance pay
explains 30% of the cross-sectional variance of log earnings of performance-
pay workers. We show below that our main conclusions are robust to this
assumption.
A concern is that earnings records in the PSID are top coded. Top cod-

ing may influence themeasuredmoments of the earnings distribution, in-
cluding the relativemean and variance of earnings at the two job types. We
address this concern in two ways. First, we verify that our main results are
robust to higher mean and variance of earnings in performance-pay jobs
relative to fixed-pay jobs (see fig. 5). Second, to calibrate the overall mean
and variance of log earnings in the economy, we turn to the Survey of Con-
sumer Finances (SCF), which uses data from the IRS Statistics of Income
program to accurately represent the distribution of high-income house-
holds. Based on the SCF, Heathcote and Tsujiyama (2021) report a mean
household labor income of $77,325 and an overall variance of log labor in-
come of 0.618 in 2007. They also estimate that the tail parameter of the log
wage distribution is equal to 2.2. We assume that the ability distributions
in both types of jobs have a common tail parameter rv,pp 5 rv,fp 5 2:2 and
choose j2

v 5 0:29 to match the overall variance of log earnings.
We model the disutility of labor effort as isoelastic: hð‘Þ 5 ‘111=εF‘ =

ð1 1 1=ε‘F Þ. A Frisch elasticity ε‘F 5 0:5 implies a compensated elasticity at
fixed-pay jobs of approximately 0.3. Both values are consistent with em-
pirical evidence (Chetty et al. 2011; Keane 2011). Regarding government
policy, Heathcote, Storesletten, and Violante (2017) estimate a value of
0.181 for the US rate of tax progressivity, and Heathcote and Tsujiyama
(2021) report a ratio of government purchases to output of 18.8%.
The implied distribution of earnings and job types is depicted in fig-

ure 1. Specifically, in figure 1B, we compare the (untargeted) shares of
performance-pay jobs by earnings quartiles in the data and in themodel.26

The calibrated model successfully matches the empirical prevalence of
performance-pay jobs: in both the data and the model, the share of
performance-pay jobs is approximately 40% in the bottom three quartiles

26 The data shares are computed for the year 1998 from PSID using the methodology of
Lemieux, MacLeod, and Parent (2009). We are grateful to Karl Schulz for computing these
values.

redistribution with performance pay 391



and rises to more than 60% in the top quartile. Zooming in on the top
quartile, the model matches the data well up until the top 5% of earners,
for whom the share of performance-pay jobs is slightly underestimated.27

FIG. 1.—Joint distribution of earnings and job types.

27 In fig. 5, we consider an alternative calibration in which the ratio of mean earnings
in performance-pay vs. fixed-pay jobs is 25% higher. This calibration yields a share of
performance-pay jobs in the top 5% that closely matches the empirical value. As evident
from the figure, our main results are virtually unchanged.
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B. Incidence of a Large Tax Reform: From Status Quo
to Optimum

We extend the optimal progressivity formula in the appendix to account
for fixed-pay jobs and a Pareto tail of earnings (see the proof of proposi-
tion 2). We find that the utilitarian optimum rate of progressivity is equal
to 0.376. This is more than twice as high as the current rate of tax progres-
sivity in theUnited States, and the implied increase in social welfare is equiv-
alent to a 3.7% increase in consumption (see fig. 2A). In this subsection, we

FIG. 2.—Optimal progressivity and self-confirming policy equilibrium.
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analyze the impact of a large reform that implements the optimal rate of
progressivity, while keeping the overall tax revenue unchanged.
The impact of the reform on earnings risk in performance-pay jobs is

depicted in figure 3. Following a large increase in progressivity, the pass-
through rate b increasesmodestly from1.08 to 1.11. As a result, the variance
of log earnings conditional on ability, equal to b2pð‘ppÞð1 2 pð‘ppÞÞ, actually
slightly decreases, as the impact of a higher bonus rate b is dominated by the
impact of a lower effort ‘pp, distorted downward by higher tax progressivity.
Underlying the weak response of earnings risk are two countervailing

forces: the crowding out and the crowding in of private insurance. If firms
attempted to motivate workers to maintain their original level of effort,
providing better social insurance via tax progressivity would crowd out
private insurance one for one—that is, keep the variance of log consump-
tion fixed. For that to happen, the pass-through b would need to increase
from 1.08 to 1.42, raising the log earnings risk of performance-pay work-
ers by 72%. However, in equilibrium firms choose to elicit a 9% lower ef-
fort level (which implies the same fall in mean earnings) and reduce the
power of incentive-pay accordingly. This crowding-in effect counteracts
the crowd out and brings the bonus rate back to the vicinity of its origi-
nal level. As a result, workers end up much better insured: the variance
of log consumption falls by 43%.

C. Importance of Performance Pay for Optimal
Tax Progressivity

How important is it to account for endogenous performance pay when
setting tax policy? To answer this question, we compare the optimal rate

FIG. 3.—Optimal progressivity reform and earnings risk. The tax progressivity rate is in-
creased from 0.181 (status quo) to 0.376 (utilitarian optimum).
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of progressivity with a rate chosen by the government that erroneously
assumes that all of the earnings risk is exogenous. This naive optimum is
found by applying the formula for the optimal rate of progressivity from
the model with exogenous partial insurance to our calibrated model econ-
omy—in which private insurance is actually endogenous. Since the rate
of progressivity affects the perceived earnings dispersion, we iterate on the
tax formula from the exogenous-insurance model until convergence to a
fixed point. Following Rothschild and Scheuer (2016), we call the result-
ing allocation a self-confirming policy equilibrium (SCPE). The results
are depicted in figure 2A.
A policy maker who ignores the endogeneity of earnings risk chooses a

rate of progressivity (0.43) that is higher than the optimum (0.38). While
we allow such a planner to estimate the elasticity of earnings precisely, the
rate of progressivity is too high, since the negative effects of crowd out on
welfare and crowd in on tax revenue are not internalized. Neverthe-
less, the welfare cost of the policy mistake is relatively small, equal to ap-
proximately 0.3% of consumption—this is significantly smaller than the
gains from raising taxes from the status quo to the optimum. Recall that
in the calibration we assumed that it is performance pay, rather than a
greater dispersion of abilities, that explains the higher variance of earn-
ings among performance-pay jobs. Allowing for more dispersed abilities
at performance-pay jobs would reduce the magnitude of endogenous
earnings risk due to stochastic bonuses. Thus, it would further reduce
the already small welfare cost of ignoring the endogeneity of earnings risk.
Hence, our baseline results provide an upper bound for the impact of en-
dogenous insurance on social welfare.
We also simulate a counterfactual economy, assuming that all the jobs

feature performance pay; see figure 2B. In this economy, the difference
between the rate of progressivity at the optimumand in the SCPEdoubles
(from 0.055 to 0.11), while the welfare loss from the policy mistake more
than quadruples (from 0.3% to 1.3%). Thus, the finding that the cost of
ignoring performance pay for the design of tax policy is modest is not a
theoretical necessity. Rather, it is a quantitative result that is owed to the
fact that only half of the jobs in the United States feature performance
pay. If the share of performance-pay jobs continues to increase in the fu-
ture, accounting for the welfare effects of endogenous earnings risk may
become important for tax policy.

D. Optimal Top Tax Rate

We showed theoretically that performance pay reduces the optimal top
tax rate, understood as the limit of the marginal tax rate in the optimal
tax schedule as earnings go to infinity (proposition 3). We illustrate this
result in figure 4, with the optimal tax rate shown as a solid line. We also
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plot the top tax rates chosen by the planner who does not take into ac-
count the endogeneity of earnings risk (dotted line) and by the planner
who assumes that the underlying economy involves full insurance against
performance shocks, as in the standard Mirrlees model (dashed line). In
line with proposition 3, the optimal tax rate is lower than the tax rate un-
der exogenous risk, which is in turn lower than the tax rate under full
insurance.
We are particularly interested in the gap between the optimal top tax

rate and the tax rate chosen by the exogenous-risk planner. Recall from
proposition 3 that this difference is driven by the negative welfare effect
suffered by top earners due to the crowd out of private insurance—which
implies that the standard marginal social welfare weights underestimate
the utility cost of raising the top tax rate. Thus, this difference critically
depends on the marginal social welfare weight on top earners, g*. The
exogenous-risk planner selects the top tax rate correctly, at 64%, when
it aims to maximize the revenue from top earners (g * 5 0), which hap-
pens, for instance, under standard utilitarian or Rawlsian social prefer-
ences. For positive values of g*, the policy mistake made by the exogenous-
risk planner increases in a convex fashion: it remains fairly small for g* below
0.2 and quickly becomes large for higher values of g*. For instance, when
g * 5 0:6—meaning that the marginal consumption of top earners is val-
ued at 60% of that of the average worker in the population—the exogenous-
risk planner would make a 40 percentage point mistake in setting the
top tax rate. We conclude that performance pay can justify top tax rates

FIG. 4.—Top tax rates and performance pay.
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that are much lower than those predicted by the standard model, but this
requires placing relatively high social value on the welfare on top earners.

E. Robustness

In this section, we study the sensitivity of our main results to the chosen
parameters. We consider the following alternative calibrations.
First, there is a wide range of empirical estimates of the (Frisch) elastic-

ity of labor effort; see, for example, Chetty et al. (2011). In the alternative
calibrations 1 and 2, we consider higher (ε‘F 5 1) and lower (ε‘F 5 0:1) val-
ues of the Frisch elasticity of labor effort.
Second, so far, we have assumed that performance pay explains all the

excess variance of log earnings in performance-pay jobs relative to fixed-
pay jobs. However, other factors such as adverse selection of workers in
different jobs types, firm sector specificity (Makridis and Gittleman 2022),
the prevalence of overtime relative to fixed hours (Grigsby, Hurst, and
Yildirmaz 2019), and retention incentives can explain part of the excess
variance of log earnings in performance-pay jobs. Therefore, in the alter-
native calibration 3, we assume that earnings risk due to performance pay
explains only half of the excess variance of log earnings in performance-
pay jobs in the cross section. More empirical work using microdata on the
different components of earnings is needed to understand the role of per-
formance pay in explaining the variance of log earnings.
Third, the moments of the earnings distribution of performance-pay

jobs we obtained from the PSID can be underestimated due to top coding.
In calibration 4, we set a ratio of mean earnings at performance-pay versus
fixed-pay jobs that is 25% higher than in the baseline calibration. In cali-
bration 5, we set the ratio of the variance of log earnings at performance-
pay versus fixed-pay jobs at 25% higher than in the baseline calibration.
Fourth, the probability of receiving performance pay can take a wide

range of values depending on the frequency at which it is estimated. We
thus set the probability of receiving performance pay, conditional on hav-
ing a performance-pay job, at the upper bound from Lemieux, MacLeod,
and Parent (2009) in calibration 6.
We present the results of these robustness exercises in figure 5 by plot-

ting the values of two numbers that correspond to the two insights of
our paper: (i) the share of crowd out that is offset by the crowd-in channel
when progressivity increases from the status quo to the optimumand (ii) the
difference between the optimal rate of tax progressivity and that chosen
by the planner who ignores the endogeneity of earnings risk (SCPE).
Our main results are robust to these parameter values. We find that,

depending on the calibration, the crowd in offsets most (85%–98%) of the
crowd out and that the rate of progressivity chosen when the endogeneity
of earnings risk is ignored is higher than the optimal one by 0.03–0.075.
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Interestingly, varying the Frisch elasticity hardly affects the results. The
reason is that what matters is the curvature of the function h ∘ p21, which
depends on both ε‘F and f (see discussion following proposition 1).
Matching a given variance of earnings risk at performance-pay jobs pins
down the overall curvature of h ∘ p21, which means that any variation in
ε‘F is offset by the adjustment of f. Conversely, we should expect that vary-
ing the magnitude of earnings risks due to stochastic bonuses has a rel-
atively stronger impact on the results. This is exactly what we see in the
alternative calibrations 3 and 5.

V. Conclusion

We have set up and analyzed a tractable moral hazard environment in
which firms design labor contracts that trade off effort incentives with in-
surance against performance shocks. The government uses the tax-and-
transfer system to redistribute income across workers who differ in un-
insurable ex ante ability. The key feature of our model is that earnings
risk is endogenous and has a productive role of motivating labor effort.

FIG. 5.—Robustness to alternative calibrations. The horizontal axis shows the share of
crowd out that is offset by the crowd in when progressivity increases from the status quo
to the optimum. The vertical axis shows the difference between the tax progressivity cho-
sen by the planner who ignores the endogeneity of earnings risk (SCPE) and in the opti-
mum. Alternative calibrations considered: (1) higher Frisch elasticity: ε‘F 5 1; (2) lower
Frisch elasticity: ε‘F 5 0:1; (3) stochastic bonuses explain 50% (rather than 100%) of the
excess variance at performance-pay jobs; (4) ratio of mean earnings at performance-pay
versus fixed-pay jobs 25% higher than in baseline; (5) ratio of the variance of log earnings
at performance-pay versus fixed-pay jobs 25% higher than in baseline; (6) probability of
receiving performance pay, conditional on having a performance-pay job, at the upper
bound from Lemieux, MacLeod, and Parent (2009).

398 journal of political economy macroeconomics



We found that standard models that ignore the endogeneity of pretax
earnings risk come very close to accurately evaluating the impact of taxes
on the sensitivity of pay to performance or earnings risk. We derived op-
timal tax formulas for the overall rate of tax progressivity and the top in-
come tax rate.Our findings show that it is optimal to reduce the rate of pro-
gressivity and the top income tax rate, compared with an economy with
exogenous private insurance.
It would be interesting to extend our analysis in several directions.

First, we considered the impact of taxes on compensation only for al-
ready existing performance-pay jobs. One could also model the incen-
tives of firms to create such performance-pay jobs (rather than moni-
tored jobs) in the first place. Second, in our model, private markets
are perfectly competitive and constrained efficient. In other words, we
gave private markets their best chance of making government policy re-
dundant. Introducing market power and frictions such as adverse selec-
tion in private markets, whereby firms cannot perfectly observe work-
ers’ ability, are natural next steps. Third, our theoretical analysis delivers
predictions regarding the impact of various types of tax reforms on the
structure of incentive-based compensation. Testing these predictions em-
pirically should be fruitful.
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