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Abstract

The optimal income taxation literature typically assumes that labor is traded on
the spot markets. I relax this assumption by equipping workers and firms with a
commitment power and, as a consequence, allowing for more sophisticated labor
contracts. The main finding is that when both workers and firms have any positive
commitment power, the tax schedule cannot be too regressive, as otherwise wages
would be inefficiently randomized to reduce the expected tax paid by workers. I also
show that the insurance of workers depends only on the total commitment power on
the labor market, but not on its division between workers and firms. I calibrate the
model to the US income distribution. The threat of wage randomization reduces
the optimal marginal tax rates at low income levels by up to 40 percentage points

and in certain cases makes the optimal tax schedule fully linear.
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1. Introduction

The literature on the optimal income taxation, starting from Mirrlees (1971), studies tax
systems which efficiently redistribute labor income and insure human capital risk." While

a lot of emphasis has been placed on the realistic modeling of income inequality, much
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'The original, static Mirrleesian literature is concerned with redistribution (Mirrlees 1971; Diamond
1998; Saez 2001) while the dynamic Mirrleesian literature focuses on insuring individual productivity
risk (Golosov, Kocherlakota, and Tsyvinski 2003; Golosov, Tsyvinski, and Werning 2007; Kocher-
lakota 2010; Farhi and Werning 2013; Golosov, Troshkin, and Tsyvinski 2016).



less attention has been paid to interactions between workers and employers. Typically,
it has been assumed that workers supply labor on the spot markets, taking the hourly
wage as given. It is at odds with the prevalence of long-term employment relationships,?
often featuring sophisticated compensation structures.® The purpose of this paper is
to examine how relaxing the assumption of the spot labor markets affects the optimal

income tax.

Allowing for employment relationships with more general wage structures matters for
income taxation for at least two reasons. First, there is an empirical evidence that
compensation structures are designed to reduce workers’ tax burden. A good example
is adjusting the timing of payments in anticipation of a tax reform: stock options are
exercised early to avoid tax rate hikes (Goolsbee 2000) while bonuses and wages are
delayed until more favorable tax regime is in place (Kreiner, Leth-Petersen, and Skov
2014, 2016). When workers and employers respond to taxes not only by altering hours,
but also by fine-tuning wage structures, raising tax revenue is more difficult and income
redistribution may suffer. Second, it was shown that firms provide insurance by reducing
the variability of workers’ compensation relative to the variability of their output (Guiso,
Pistaferri, and Schivardi 2005; Lagakos and Ordonez 2011). Taking this into account
may mean that the insurance role of the income tax is less important. Crucially, neither
of these two phenomena can be studied in the standard Mirrleesian taxation framework

with the spot labor markets.

I determine which labor contracts are possible by specifying labor market commitment.
When firms and workers are commited to maintain the employment relationship, they
can credibly agree on arbitrary paths of wages and hours. The above-mentioned within
firm insurance and tax avoidance appear then naturally as a part of the optimal labor
contract. In contrast, when neither workers nor firms can commit, wages need to closely
follow employees’ output and the model is equivalent to the standard taxation framework
with spot labor markets.* Thus, I extend the Mirrleesian taxation framework by allowing
for positive commitment power of workers and firms and a richer space of possible labor

contracts. This approach to modeling employment relationship is closely related to the

2In January 2018 in the US the median tenure at a job was 4.2 years for all employees and 10.1 years
for employees 55-64 years old (Bureau of Labor Statistics 2018).

3Murphy (1999) reports that a CEO of a S&P 500 Industrials company with above median sales in
1996 was on average compensated with stock options (39%), a salary (24%) and bonuses (19%),
while the remaining 18% of compensation stood for other miscellaneous forms of pay. Not only top
executives have complex compensation structures: over 80% of stock options in S&P 500 companies
were granted to managers and employees below the five top executives (Hall and Murphy 2003).
Going beyond large companies, 37% of observations of workers in wage and salary jobs in PSID have
a variable pay component: a bonus, a commission or a piece rate (Lemieux, MacLeod, and Parent
2009).

4Some degree of the labor market commitment is evident, given the existence of the within-firm insur-
ance and tax avoidance. Another piece of evidence comes from the literature documenting that the
credit constrained firms implicitly borrow from their employees by offering low initial wages with high
growth rate, which requires a positive commitment power of firms (Michelacci and Quadrini 2005,
2009; Guiso, Pistaferri, and Schivardi 2012). Brandt and Hosios (1996) find that implicit lending
within firm can take as well, indicating a positive commitment power of workers.



theory of implicit labor contracts (Baily 1974; Azariadis 1975) and insurance under
limited commitment (Harris and Holmstrom 1982; Thomas and Worrall 1988; Krueger
and Uhlig 2006).

The primary finding is that when both workers and firms have any positive commitment
power, the income tax cannot be too regressive: the marginal tax rates cannot fall with
income too rapidly. If the tax schedule was excessively regressive, agents could exploit
this nonlinearity by adding a mean-preserving spread to wages - a phenomenon I call
wage randomization - to reduce the expected tax paid by a worker. With sufficiently
strong regressivity, the gain due to the lower expected tax dominates the utility loss due
to higher consumption risk and additional randomness in labor income benefits workers.
Note that tax systems which encourage wage randomization are inefficient: a locally
linear tax schedule would generate the same tax revenue without giving incentives for
randomization and, hence, with lower consumption risk. Crucially, wage randomization -
adding a mean preserving spread of wages while keeping the labor supply fixed - requires
a positive commitment power of both a worker and a firm. If the worker was unable
to commit, he could not credibly promise to stay with the firm once his compensation
falls below his output. Similarly, without commitment the firm would fire the worker
rather than pay him more than what he produces. Therefore, this form of tax avoidance

requires two-sided commitment and is absent from the standard Mirrleesian framework.

I derive a novel no-randomization constraint which prevents wage randomization. It
requires that a measure of the local tax regressivity cannot exceed the coefficient of
absolute risk aversion, which has a simple intuition. A worker’s attitude toward income
risk depends on two factors: the shape of the tax schedule, which determines how income
is transmitted to consumption, and the attitude towards the consumption risk, which is
governed by the coefficient of the absolute risk aversion. When the tax schedule is locally
regressive (i.e. the after-tax income is convex in the pre-tax income), income risk reduces
the expected tax payments and lifts the expected after-tax income. Thus, when the tax
regressivity is strong enough relative to the coefficient of the absolute risk aversion, the
worker actually benefits from income risk. One can show that when the no-randomization
constraint is violated then the worker’s absolute aversion to income risk is negative - the
worker effectively becomes an income risk lover. Furthermore, the no-randomization
constraint is a necessary condition for the efficiency of a tax schedule whenever both
a worker and a firm have any positive commitment power, regardless of any additional
frictions. The optimal taxation literature typically assumes that wages, conditional on
a realized productivity, are deterministic. The no-randomization constraint can be used
to test whether the tax schedules derived under this assumption will remain efficient

once stochastic wages are allowed.

The labor market commitment is fundamental for the insurance within firm. When both
workers and firms can commit fully, workers are always fully insured within firms, while

the government limits its role to redistribution. When the commitment is imperfect, the



insurance in general will be imperfect as well. I show that the degree of insurance workers
receive depends only on the total commitment power on the labor market, but not on how
it is distributed between workers and firms. Any asymmetry in the commitment power
between workers and firms can be alleviated by shifting wages across time, which in turn
can be isolated from workers’ consumption by trading a risk-free asset or by introducing
age-dependent taxes.” As a result, the full insurance outcome can be reached even under
full one-sided commitment, i.e. when only one side of the market can commit fully. In
contrast to insurance, the possible redistribution depends not on the total but on the
minimal commitment power. It is the minimum of the commitment power of a worker
and of a firm which determines the magnitude of the feasible wage randomization and,
hence, the severity of tax avoidance the worker can engage in. The lower the minimal
commitment power is, the more can the government redistribute. In particular, the
government’s ability to redistribute is maximized in the one-sided commitment case

when either workers or firms cannot commit at all.

These results have important implications for the design of labor market institutions
which affect the labor market commitment. A properly executed reform which promotes
workers mobility (e.g. by abolishing the non-compete clauses in employment contracts)
while strengthening the commitment power of firms (e.g. by raising the firing costs) can
restrict tax avoidance and allow for more redistribution without sacrificing insurance

within firms.

I demonstrate the empirical relevance of these findings in two ways. First, I show that the
actual tax and transfer code in US violates the no-randomization constraint around the
phase-out region of the Earned Income Tax Credit. The gains from randomizing wages
are potentially large. Second, I calibrate the model to the US income distribution. Di-
amond (1998) and Saez (2001) show that the optimal tax rates without commitment
are U-shaped: high at low incomes, low in the middle and high again for top earners.
Once I allow for any positive commitment of both workers and firms, the implied tax
regressivity at low income levels violates the no-randomization constraint for any real-
istic specification of risk aversion. Consequently, optimal tax schedules with two-sided
commitment have a much lower tax rate at the bottom (e.g. lower by 40 percentage
points with a log utility and a Utilitarian government) and the pace at which this rate
falls with income is much subdued. In the particularly striking case of risk neutral
agents and a Rawlsian government, the optimal tax schedule becomes fully linear and
consistent with the theory of the optimal linear taxation (Sheshinski 1972; Piketty and
Saez 2013). Though the qualitative impact of no-randomization constraint on the shape
of the optimal tax schedule is robust across social welfare functions, the welfare cost

of reduced regressivity strongly depends on the government objective. The Rawlsian

SFor instance, it is well known that wages are delayed (backloaded) when a firm can commit but a worker
cannot: Harris and Holmstrom (1982); Burdett and Coles (2003); Krueger and Uhlig (2006). These
papers do not find full insurance (though Harris and Holmstrom (1982) mention this possibility),
since they restrict the workers’ ability to borrow outside of the insurance relationship.



government suffers most: 2.6% of consumption when agents are risk neutral, 0.9% when
agents have log utility and less than that as the risk aversion grows. In contrast, welfare
losses of the Utilitarian government are negligible for all specifications of risk aversion,
as very few workers with lowest incomes were gaining from the strong tax regressivity
at the bottom.

The paper closest in spirit is Chetty and Saez (2010) who study how the optimal lin-
ear tax formula changes when private wage insurance is allowed, which they also re-
strict to be linear. They find that the sufficient statistics tax formula does not change
when the private insurance does not suffer from agency frictions. I show that once we
drop both linearity assumptions this result no longer holds: the sufficient statistics tax
formula needs to be combined with the novel no-randomization constraint to prevent
excessive tax regressivity and wage randomization. A related strand of papers study
optimal income taxation with private insurance which operates not via wages, but pri-
vate asset trades (Abrahém, Koehne, and Pavoni 2016; Chang and Park 2017). Golosov
and Tsyvinski (2007) allow for both general compensation structures and private asset
markets, but do not characterize the impact of flexible pay structures on the optimal
tax schedule, focusing rather on correcting a pecuniary externality arising in their set-
ting. Others study nonlinear income taxation with firms in the models of competitive
screening (Stantcheva 2014), monopolistic screening (da Costa and Maestri 2017), hours
constraints (Werquin 2016) and labor search (Hungerbiihler, Lehmann, Parmentier, and
Van der Linden 2006; Golosov, Maziero, and Menzio 2013; Yazici and Sleet 2017), yet
they do not consider more general compensation structures. Labor market commitment
in this paper is treated as exogenous. The commitment power can become endogenous
to government policy in the context of insurance via asset trades or informal family in-
surance, giving rise to a trade-off between public and private insurance (Attanasio and
Rios-Rull 2000; Krueger and Perri 2011). This trade-off does not emerge in the context
of wage insurance, which is the focus of my paper, since the value of the outside option -
being employed in another firm - is affected by the public policy in the same way as the
value of staying with the current employer. Varian (1980) and Stiglitz (1982) study the
optimal taxation with exogenously stochastic incomes. Here, wages can be stochastic

endogenously in response to the shape of the tax schedule.

The framework of this paper is an example of the mechanism design with hidden in-
formation (productivity) and hidden action (labor supply).® Myerson (1982) proves the
revelation principle with hidden information and hidden action under restriction to pure
reporting strategies. However, I show that under two-sided commitment only mixed
reporting strategies are relevant. A technical contribution of this paper is to prove the

revelation principle in such settings while allowing for mixed reporting. More generally,

5The standard Mirrleesian framework is a mechanism design with hidden information only: knowing
hidden productivity, one can infer the labor supply from the observed labor income. In contrast, in
my framework the knowledge of the productivity is not enough to infer the labor supply, since the
labor income is not necessarily equal to the product of the productivity and the labor supply.



this result demonstrates the importance of mixed reporting when both types and actions
are hidden.

The paper is structured as follows. Section 2 introduces a static framework and char-
acterizes the regressivity restriction due to the labor market commitment. Section 3
extends the model to multiple periods, generalizes the results on redistribution from the
static case and provides additional results on insurance. Section 4 examines the impor-
tance of the regressivity restriction in the context of the actual and the optimal tax and
transfer schedule in the US. The last section concludes. Omitted proofs are located in

the Appendix.

2. Static framework: commitment and tax regressivity

This section is devoted to the impact of the labor market commitment on income re-
distribution in the static framework. In particular, I derive and characterize the no-
randomization constraint. In the end of this section I use the no-randomization con-
straint to test whether restricting attention to deterministic wages is without loss of

generality in other optimal taxation models.

2.1. Economic environment

Workers and firms. There is a continuum of workers, which are also called agents, with
a utility function over consumption ¢ and labor supply n given by U(c,n) = u(c) —v(n),
where u and v are strictly increasing and twice differentiable, u”(¢) < 0 and v”(n) > 0.
Agents draw productivity from © C Ry according to a probability measure ug. Agents’
output is given by the product of their productivity and the labor supply.

There is a continuum of identical, risk neutral firms. Each firm can hire at most one
worker. A firm provides its employee with a production technology, collects output and
pays labor income. I do not specify firms’ ownership since in equilibrium firms make
zero profits. There is no asymmetric information between firms and their employees:

each firm observes the productivity and the labor supply of its employee.

A planner. On top of the economy there is a social planner who observes consumption
and labor income of each worker. The planner does not observe productivity or labor
supply of any agent, which is the fundamental assumption of the Mirrleesian models. In
addition, the planner does not observe any worker’s output. In the Mirrleesian models
output is always equal to income and as such is observed by the planner. In my frame-
work output and income can deviate from each other, which implies that output (and

labor supply) become an action hidden from the planner.



The planner chooses a mechanism which collects messages from agents, allocates them
consumption and labor income and gives them labor supply recommendations. A mes-
sage space is a set of possible messages. A mechanism specifies (i) a message space M,
(ii) a consumption function ¢ : M — Ry, (i) a labor income function y : M — R and
(iv) a labor recommendation n : M — Ry. Since the labor supply is unobserved by
the planner, the agents are not bound to follow the labor recommendation, nevertheless
such formulation simplifies setting up a planner’s problem. In the main text I restrict
the attention to deterministic mechanisms. In Online Appendix A I formulate a general
mechanism design problem and show that there are no gains from stochastic mechanisms
(Lemma A.3).

Given a mechanism (M, ¢, y,n), firms and workers will agree upon a labor contract which
determines the report sent to the planner and the labor supply choice. Agents can
sent random reports by using randomization devices, which are arbitrary probability
spaces. More concretely, a labor contract specifies (i) a reporting strategy, which consists
of a reporting randomization device with a sample space R,, and a reporting function
m: Ox Ry, — M, and (ii) a labor strategy 7 : ©x Ry, — R,. Given a mechanism, a labor
contract effectively specifies the choice of earnings and labor supply for all types. Note
that while the labor strategy can depend on the reporting randomization device, allowing
agents to coordinate reports and labor choices, there is no separate randomization device
for labor. In fact, conditional on a report sent, agents never have incentives to randomize

labor supply (see Lemma A.2 in Online Appendix A).

A labor market equilibrium. The labor market is governed by the following assump-
tions. First, workers enter the labor market after their productivity is drawn. Second,
once a worker and a firm meet, the firm observes the worker’s productivity - there is
no asymmetric information between a worker and a firm. Third, the labor market is
competitive: firms take as given the reservation utility of workers and the competition
drives profits to zero. The competitive labor market allows me to abstract from the profit
taxation which is not a focus of this paper. Fourth, labor contracts can be terminated
by either party before the report is sent to the planner. A worker can quit subject to a
quiting cost £ > 0 and immediately sign a contract with another firm, and a firm can
fire its worker subject to a firing cost ¢ > 0. These costs capture the commitment power
of each side of the market. When a worker and a firm separate, the firm disappears and

is replaced by a new firm.”

Fix some mechanism (M,c,y,n). Take some reporting strategy of this mechanism p
and denote by E;{-} the expectation operator taking into account that the reports are

generated with p.° The firm chooses the labor contract (j,7) to maximize the expected

"In this way I make sure that only one operating firm knows a type of a given worker and, hence, the
government is unable to extract this information from the firm.

8More formally, consider a labor contract (p,7), where p = ((Rm,Br,,, ftr., ), ™). The expectations
of some function g(c,y,n,0) taken with respect to the probability measure pe and the reporting



profits E; {6n — y} subject to two types of constraints. First, the contract needs to

provide a worker of type @ with his reservation utility, which is denoted by U(0):
E; {U(c,n) | 0} > U(0) for all § € ©. (1)

Second, the contract can give no incentives to terminate the employment relationship

prematurely - the contract needs to satisfy the following limited commitment constraints:
k>E;{0n—y|0,rn} > —¢ forall (6,r,) € © x R,,. (LCC)

The left inequality bounds the expected profits above the quitting cost. If the profits
were larger than the quitting cost, another firm could cover the quitting cost of the
worker, poach him and make positive profits. The right inequality bounds the expected
losses below the firing cost. If losses exceed the firing cost, the firm would be better
off firing the worker rather than continuing employment. Note that the contract can
be terminated only until the report is sent to the planner. Once the report is sent, the
worker and the firm stick together. This formulation of commitment is analogous to
Harris and Holmstrom (1982) and Krueger and Uhlig (2006), where the outside option
to the current employment or insurance relationship is a relationship with a different

firm.

By the assumption of the competitive labor market, in equilibrium the reservation utility
U(-) is such that the expected profit from hiring any worker is zero. Given that, it is
convenient to express the firm’s problem in its dual form, where the firm is maximizing
its employee’s expected utility

max E;{U(c,n)} (2)

subject to the limited commitment constraints (LCC) and the zero profit constraints
E;{6n —y |0} =0forall dcoO. (ZPC)

An equilibrium of a mechanism is defined as a labor contract which solves the above

firm’s problem corresponding to this mechanism.

The revelation principle. Now we can specify various properties of mechanisms. A
mechanism (M, ¢, y, n) with an associated equilibrium (p, n) is feasible if E; {67 — ¢} > 0.
A mechanism is direct if a message space is equal to the space of productivities: M = ©.
A truthful reporting strategy p* has a reporting function m(f) = 6. A direct mechanism

is incentive-compatible if it has an equilibrium with the truthful reporting strategy and

strategy p are defined as

E; {g(c,y,,0)} = / / (0, 7)), y(71(8, 7)), (0. 72m), B)dpie (B)dpire, (rm)-



the recommended labor strategy. A direct mechanism is incentive-feasible if it is both

incentive-compatible and feasible.

The revelation principle allows us to restrict attention to direct mechanisms. The stan-
dard proof of the revelation principle (e.g. Myerson 1979) does not apply in the current
setting, since agents have both hidden types (productivity) and hidden actions (labor
supply). Myerson (1982) extends the revelation principle to such environments under
assumption that agents use only pure reporting strategies. However, as I will soon
show, under two-sided commitment any binding deviation to a pure reporting strategy
is strictly dominated by a deviation to some mixed reporting strategy. I extend the
revelation principle to settings with hidden types and hidden actions when the mixed

reporting strategies are allowed.

Lemma 1 (Revelation principle). For any feasible mechanism there exists a direct,
incentive-feasible mechanism with the same equilibrium assignment of consumption, labor

income and labor supply.
Proof. A special case of a more general Lemma A.1 in Online Appendix A. |

From now on, if the message space of the mechanism is not specified, the mechanism is

direct.

2.2. The planner’s problem.

The social planner chooses a direct, incentive-feasible mechanism to maximize the weighted
average of expected utilities of all agents. Social preferences are formalized with a proba-
bility measure fig over ©, where the ratio fig(A)/ue(A) captures the relative preference
given to types from some measurable set A C ©. Denote by IEJ{ -} the expectation oper-
ator corresponding to jig. The planner maximizes the social welfare function subject to

a feasibility and an incentive-compatibility constraints

maxE {U(c,n)} s.t. (3)

c,y,n

E{f6n —c} >0, (4)

(p*,n) € maxE;{U(c,n)} s.t. ZPC and LCC. (5)
P,

The incentive-compatibility constraint means that the truthful reporting strategy and
a labor supply recommendation constitute an equilibrium of the chosen mechanism.
A mechanism which solves the planner’s problem for some probability measure fig is

incentive-efficient.



2.3. No commitment or one-sided commitment

When at least one of the parties on the labor market cannot commit (min{x, ¢} = 0)
and the attention is restricted to deterministic mechanisms, this framework is equivalent

to the static Mirrlees model.

Lemma 2. Suppose that min{k, ¢} = 0. In any equilibrium of any deterministic mech-

anism income is almost surely equal to output for all agents.

Proof. Suppose for instance that x = 0 (the other case is analogous). Consider a deter-
ministic mechanism with a labor income function y and an associated equilibrium (p,n).
By LCC we have E,{6n —y | 6,7} <0 for all (6,7,) € © X R,,. By ZPC we have

Ep{0n—y |0} =E{E,{6n—y|6,rn} |60} =0forall 6coO. (6)

The expectation of a non-positive random variable is zero only if the variable is equal to

zero almost surely. Thus, income is equal to output almost surely. |

With no commitment or a one-sided commitment and a deterministic mechanism each
worker is always paid exactly what he produces. Thus, the framework simplifies to the
static Mirrlees. Restriction to stochastic mechanisms is not problematic, since there
are no gains from using stochastic mechanisms (see Lemma A.3 in Online Appendix
A). Nevertheless, when the mechanism is stochastic, my framework and the Mirrleesian
framework are no longer equivalent, as here firms are able to provide some insurance

against income shocks conditional on the report sent.”

2.4. Two-sided commitment

Now consider the situation in which both workers and firms have some positive commit-
ment power (min{x, ¢} > 0). The following lemma shows that only stochastic deviations

from truthful reporting are relevant.

Lemma 3. Suppose min{k, ¢} > 0. Suppose that given a mechanism (c,y,n) some
watial type 0 is indifferent between reporting truthfully and reporting some other type
0" with certainty, where y(0) # y(6'). Then type 6 strictly prefers randomizing reports

between 6 and 0" relative to truthtelling.

9Suppose that an agent, after drawing a productivity § = 1 and making a truthful report, is allocated
income equal to 2 with probability 1/2 and to 0 otherwise. Since the report has already been made,
the agent and his firm are commited to stick together. Furthermore, the disutility from labor is
strictly convex and the agent strictly prefers to smooth labor supply across risky states. Therefore,
in equilibrium the worker will supply labor of 1 and have output of 1 with certainty, which satisfies
7ZPC. Thus, the firm can provide some insurance against a stochasticity of the mechanism and this is
the reason why there is no benefit from using stochastic mechanisms in this framework (Lemma A.3
in Online Appendix A). In contrast, Stiglitz (1982) demonstrated that the optimal mechanism of the
static Mirrlees model is sometimes stochastic, as the planner exploits different attitudes toward risk
to extract hidden types.

10



Proof of Lemma 3. Suppose for instance that y(0) > y(#’). From the premise we have
u(e(0)) —v(y(0)/0) =u(c(8)) —v(y(¢)/0). Add the utility from truthtelling to both
sides and divide by 2 to get:
(u(c(0)) — v (y(6)/0)) = 1/2 [u(c(9)) — v (y(0)/0)] + 1/2 [u(c (¢)) —v (y (¢) /0)]  (7)
=1/2 [uc@ +u(c(@)] —1/2[v(y6)/0)+v(y(¢)/6)]
/ ) — 0 €
@] =172 o (M=) o (V)]

The second row is a rearrangement of terms. The last row describes utility from random-

< 1/2 [u(c(8)) +u

izing reports 6 and ¢’ with equal probability and reducing variation in output between
reports by €, where € € (0, min{x, ¢}] such that LCC are not violated. Introduction of
€ amounts to a mean-preserving contraction of labor supply. Given that —wv is strictly

concave, it strictly benefits the agent. |

By Lemma 3, if any incentive-compatibility constraint with respect to a pure reporting
strategy was binding, agents would like to deviate using mixed reporting. This contrasts
with the well-known result of Myerson (1979) that in the mechanism design with hidden
information restricting attention to pure reporting strategies is sufficient. Mixed report-
ing strategies become relevant in this setting because of the interaction between a hidden
information and a hidden action: agents can randomize reports and average out the la-
bor supply between the reports. Since agents’ utility is strictly concave in labor supply,
the averaging of labor yields a utility gain. A simple implication of Lemma 3 is that with
two-sided commitment the income function needs to be continuous: any discontinuity of

income would trigger a randomization of reports across the discontinuity.

Corollary 1. Suppose min{k, ¢} > 0. Suppose that © is an interval in Ry. For any

incentive-compatible mechanism (c,y,n) the income function y is continuous.

We are going to simplify the incentive-compatibility constraint in two steps. First, define
an incentive-compatibility constraint in mized reporting strategies for type 8 mimicking
type 0 as

u(e(8)) —u (e () — (y(0) —y () v'(y(6)/6)/6 < 0. (8)

This constraint prevents stochastic misreporting by making sure that an agent who
reveals his type truthfully cannot gain by marginally increasing the probability of re-
porting some other type. As is shown in the following lemma, these constraints are
stronger than the standard incentive constraints in pure reporting strategies and are
sufficient to prevent any misreporting. Furthermore, these constraints are also necessary

when the relevant limited commitment constraints are slack.

Lemma 4. Type 0 has no incentives to mimic type 0' with any positive probability if
(8) holds. Type 6 has no incentives to mimic type 6 with any positive probability, where
ly(0) — y(0)| < min{k, ¢}, if and only if (8) holds.

11



Proof of Lemma 4. First, consider incentives to misreport under full two-sided commit-
ment (k = ¢ = 00). In this case the equilibrium output of every agent is equal to his
average income. Then the equilibrium reporting strategy of some agent 6 generates a

probability measure over reports which solves

max (e (@) do (9) v < [v@)io @) /0) , (9)
where Ag is the space of probability distributions over type reports. Since v is con-
vex, it is a concave maximization problem and the first-order conditions are sufficient.
In particular, the first-order condition with respect to the probability of reporting ¢’,
evaluated at the truthful reporting strategy, is exactly (8).

The payoff from misreporting under full two-sided commitment is an upper bound on
the payoff from misreporting under partial two-sided commitment (min{x, ¢} < o0),
as LCC under partial commitment are tighter. Hence, if (8) holds, then type 6 has
no incentives to report 6’ with any positive probability also under partial commitment.
Furthermore, when |y(0) —y(6')| < min{x, ¢}, then LCC are slack when type 6 considers
randomizing report between @ and ¢’.' Therefore, the marginal incentives to report ¢’
are identical as in the full two-sided commitment case and (8) is also necessary to prevent

misreporting. |

Now we can further simplify the set of incentive constraints by focusing on incentives to
misreport locally. In the mechanism design with hidden information only we can summa-
rize the incentive-compatibility constraints with respect to pure reporting strategies with
the local incentive-compatibility constraints and the income monotonicity requirement
(see e.g. Fudenberg and Tirole (1991)). The following theorem shows that the incentive-
compatibility under two-sided commitment requires an additional no-randomization con-

straint.

Theorem 1. Suppose min{k, ¢} > 0. Suppose that © is an interval in Ry. The mech-
anism (c,y,n), where n(0) = y(0)/0 for all 0, is incentive-compatible if and only if it

satisfies
1. income monotonicity: y(-) is increasing,

2. local incentive-compatibility constraints:

— 71 R
y(@)v, (y%6)> do for all 6 and &',

U(c(0'), y(8)/8) — U(c(6),y(0)/60) = /

0o 02

3. no-randomization constraint: v’ <@) / 0 is decreasing with 6.

0Suppose that type 6 randomizes reports between 6 and 6’ and denote the expected income by 7. The
optimal labor supply under full two-sided commitment is 3/6 regardless of the report. Note that for
6 € {0,0'} we have |7 —y(0)| < |y(8) — y(#")| < min{k, ¢} = k> §—y(d) > —¢. Hence, LCC are
slack given this labor strategy.
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Proof. First T will show the sufficiency of conditions 1 to 3. Consider some 6 and ¢,
0" > 6. Notice that

o' ~ 7] ~ 7] 7] ~
@)/ = o0)/0) = [ ) (y((’))/e—y@v’ <y<9>>d9 (10)

0 62 0

Rearranging the local incentive constraint, we get

/ / / v (é) / (é) 0
u(e#)) = u(c(0)) = ou(®)/0) —v(u(6)/0) + [ Lo (yg )da (1)
/ " Y (O <y(e )> /6d6 (12)

0 0

/e " <y(:>) /946 (13)
— @) - wonw (U5 /o (1)

IN

where the inequality follows from the no-randomization constraint and income mono-
tonicity. It follows that the incentive-compatibility constraint in mixed reporting strate-
gies for type # mimicking type ¢’ holds. By Lemma 4, this is sufficient for incentive-

compatibility.

The necessity of income monotonicity follows from the standard screening problem (The-
orem 7.2 in Fudenberg and Tirole (1991)). To see the necessity of the no-randomization
constraint, suppose that for some 6 and ', 8’ > 0, we have v’ (%9/)) [0 > (@) /0.
By Corollary 1 y is continuous and we can choose ¢ such that 0 < |y(0) — y(0')] <

min{k, ¢}. Income monotonicity implies that

)/9’ — <y(:)) /9) > 0. (15)

Now sum the incentive-compatibility constraints in mixed reporting strategies with for

(v(0') — (0)) (v/ <y599)

6 mimicking 0" and wvice versa to get

(v(8') — y(9)) (v/ <yg’)> 16— <y(9")) /9) <0. (16)

Therefore, one of the incentive-compatibility constraints in mixed reporting strategies is

violated. By Lemma 4, either 6 or #’ has incentives to misreport. |

Theorem 1 implies that we can summarize the entire impact of the two-sided commitment
on incentive-compatible allocations with a single requirement: the no-randomization
constraint. The remaining of this section devoted to characterizing this constraint in
detail. Let’s define a tax schedule T corresponding to some mechanism (c,y,n) as

T(y(0)) = y(0) — () for all A. It allows us to express the no-randomization constraint

13



Figure 1: Wage randomization with a regressive tax schedule

—— after-tax income

y=T7y) e

yig y y#g
A deterministic wage § compared to a randomized wage § + € (in red), where € is a random
variable taking values e with equal probabilities.

in a more transparent way.

Claim 1. Take some incentive-compatible mechanism (c,y,n). Suppose that the corre-
sponding tax schedule T is twice differentiable. The no-randomization constraint can be

expressed as
"

'

-T@) . _-T'®)

“TW) =T for all y € y[O]. (17)

u
u

DN

The no-randomization constraint (17) requires that the measure of local tax regressivity
(the right-hand side) cannot exceed the coefficient of absolute risk aversion (the left-hand
side). It has a simple intuition. A worker’s attitude toward income risk depends on two
factors: the shape of the tax schedule, which determines how income is transmitted to
consumption, and the attitude towards the consumption risk, which is governed by the
coefficient of the absolute risk aversion. When the tax schedule is locally regressive (i.e.
the after-tax income is convex in the pre-tax income), income risk reduces the expected
tax payments and lifts the expected after-tax income (see Figure 1). Thus, when the
tax regressivity is strong enough relative to the coefficient of absolute risk aversion, the
worker actually benefits from income risk. One can show that in this case the worker’s
absolute aversion to income risk is negative - the worker effectively becomes an income

risk lover.!!

Although the additional income risk benefits the agent, it is never efficient. By Lemma
A.3 (in Online Appendix A) we know that stochastic mechanisms cannot improve upon

the deterministic ones. Intuitively, rather than introducing additional income risk, the

" Given a tax schedule T, define the utility level at income y as @i(y) = u(y — T (y)). It is easy to see
that the agent is averse to income risk (@”(y) < 0) if and only if the no-randomization constraint
holds.
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planner instead could made the tax schedule locally linear. The impact on the expected
tax revenue is identical in both cases, yet the agent is not exposed to the consumption

risk.

How restrictive is the no-randomization constraint? When agents are risk neutral, only
progressive (i.e. convex) tax schedules are incentive-compatible. When agents are risk
averse, some regressivity is allowed. Note that the regressivity measure has a squared
net-of-tax rate in the denominator. Consequently, the upper bound on regressivity is
particularly tight when marginal tax rates are high. In Section 4 I show that this
constraint is robustly violated in the context of the US both by the actual tax and

transfer schedule and by the optimal Mirrleesian tax schedule.

2.5. No-randomization constraint as an efficiency test of the tax schedule

To understand the generality of the no-randomization constraint, it is useful to derive it
with the following simple argument. Suppose an individual earning ¢ considers adding
a mean-preserving spread to his wage such that the income becomes y + ¢ with equal
probabilities for some small € > 0. Note that the labor supply is kept constant. The
utility gain from this income lottery relative to a deterministic income, up to second

order terms, is

Suli e~ T(+e) + gulg — <~ T )~ u(g — T(3))

~ %EQ (1 =T'@)*" (5 —T@) - T" @' G- T@)]-

It is easy to see that the individual has incentives to engage in wage randomization
when the no-randomization constraint (17) is violated. As argued above, such wage
randomization is inefficient. Therefore, the no-randomization constraint is a necessary
condition for efficiency of the tax schedule whenever individuals are able to add a mean-
preserving spread to their wages. This, in turn, is possible when both firms and workers
have any positive commitment power, regardless of additional frictions. For instance,
in the labor search models both firms and workers have a positive commitment power
whenever the wage is in the interior of the bargaining set. Then neither a worker nor a
firm would have incentives to break the employment relationship if a wage fell or rose
slightly. Thus, a mean-preserving spread of a wage is possible and the no-randomization
constraint is relevant. Alternatively, consider a moral hazard model where wages are
already risky as they depend on the stochastic output. Under two-sided commitment
the firm could introduce a mean-preserving spread to a wage conditional on each output

realization and in this way reap the gains from tax regressivity.

The literature on non-linear income taxation which explicitly models employment re-
lationships typically assumes fixed, deterministic wages rather than allowing for more

general wage lotteries. As an example, consider two papers on the optimal non-linear
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taxation with labor search frictions, both of which find the optimal tax to be regressive.
Golosov, Maziero, and Menzio (2013) study optimal taxation in the directed search
framework in the spirit of Moen (1997) with ex ante identical agents. The income tax is
optimally increasing and regressive to finance the unemployment benefit while encourag-
ing the search for more productive jobs. One can show that the optimal tax regressivity
is mild enough not to violate the no-randomization constraint.'? In this case restricting
attention to fixed wages is without loss of generality - agents would not engage in the in-
efficient wage randomization if stochastic compensation was possible. Another approach
is by Yazici and Sleet (2017) who derive the optimal income tax in the modified on-
the-job search framework of Burdett and Mortensen (1998) with ex ante heterogeneity.
Whereas the complex optimal tax formula does not allow for the analytical examination
of regressivity, the quantitative exercise reveals that the marginal tax rates are high
at low income levels and fall very rapidly with income. It strongly suggests that some
agents would have incentives to randomize wages and, hence, the tax schedule would be
inefficient if the more general wage lotteries were allowed. More generally, wage random-
ization is likely to be important in settings with ex ante heterogeneity, where different
social preferences toward redistribution can yield a variety of shapes of the optimal tax

schedule.

3. Dynamic framework: commitment, redistribution and

insurance

In this section I extend the static setting of Section 2 to multiple periods. First I
describe the dynamic environment, focusing on the differences with respect to the static
case. Then I characterize the incentive-efficient mechanisms under no commitment, full

two-sided commitment and partial commitment.

3.1. Economic environment and the planner’s problem

Workers and firms. A continuum of workers live for T' > 1 periods, where T' < co. By
setting T'= 1 we go back to the static case of Section 2. Agents’ per-period utility over
consumption ¢ and labor supply n is u(c) —v(n), where u and v are strictly increasing and
twice differentiable, u”(¢) < 0 and v”(n) > 0. Agents discount future with 8 < 1. Take

12The optimal tax rate is given by equation 23 in Golosov, Maziero, and Menzio (2013). It implies that
at the optimum
(1= T2 (w)) ' (c(w)) =k [BS + k/u'(c(w)] ", (18)

where w is a wage, T, is the optimal labor income tax schedule, c(w) is the consumption of a
worker with wage w, k is the fixed cost of searching and B}, is the optimal unemployment benefit.
The marginal tax rate is always below 100%, which means that consumption is increasing with w
and the right-hand side is decreasing with w. Thus, workers are averse to the income risk and the
no-randomization constraint is satisfied.
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some history of consumption ¢! = (cf ..., c%:) € R{ and labor supply n? = (nT, ... n%) €

Ri. The implied lifetime utility is

T
U™y =Y (ulc]) —v(n)).
t=1

In each period each an agent draws productivity from © C R,. Equivalently, we can
think about each agent drawing a productivity history 67 = (67,...,0%) € ©7 that is
revealed over time. Draws of productivity histories are independent across agents and
are distributed according to a probability measure pgr. I impose no restrictions on
the measure pgr: the individual productivity process is arbitrary and can involve fixed

effects as well as permanent and transitory components. '

There is a continuum of identical, risk neutral firms. Each firm can hire at most one
worker. Take some history of labor income y! = (y?, o y%) € R”, labor supply n? =
(nf,..,nl) € RJTF and productivity 7 = (6T, ...,6%) € ©T. The implied continuation

profit in period ¢ is
T

m(y?,nT,67) = Zﬁs_l (GZnST — yST) .

s=t

A planner. The social planner chooses a mechanism which specifies (i) a message
space M, (ii) a consumption function ¢ : MT — Ri, (iii) a labor income function
y: MT — RT and (iv) a labor supply recommendation n : MT — RT, where ¢, y; and

t —measurable for any t < T.'* The measurability assumptions guarantee that

ng are m
a mechanism’s outcomes or recommendations do not depend on future messages. Given
a mechanism (M, c,y,n), a labor contract consists of (i) a reporting strategy p, which
contains a reporting randomization device with a sample space R, and a reporting func-
tion m : ©T x RT — M7 and (ii) a labor strategy 7 : ©7 x RT — N7, where 1, and

iy are (6! x 7L )—measurable for any t < T.

A labor market equilibrium. The assumptions about the labor market are analogous
to the ones made in Section 2 with the following clarifications. First, workers enter the
labor market after their initial productivity is drawn. Second, labor contracts can be
terminated by either party in any period before the report is sent to the planner, subject

to a quitting cost k and a firing cost ¢. When a worker and a firm separate, the firm

13 Alternatively, we can interpret this setting as in Harris and Holmstrom (1982) where workers have
a fixed, initially unknown productivity. A worker and his employer learn symmetrically about the
worker’s productivity from stochastic signals and 67 is interpreted as a posterior mean productivity
in period ¢.

1] will define measurability in a general case. Consider three measurable spaces (1, Bq,), (Q2, Ba,)
and (€, Bg/). A function g : QF x QF — Q' is (w'* x w'?)—measurable if for all A € Bo there is
B; € Bsz’il and By € Bﬂgg such that gfl(A) = B X Qletl x Ba % QQT*tQA To understand measurability

with respect to a single measurable space, set (Q2, Ba,) = (&, {@}).
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disappears and is replaced by a new firm. Since all firms are identical and there are no

gains from workers’ reallocation, I focus on equilibria without separations.

Fix a mechanism (M,c,y,n). Take some reporting strategy p and denote by E;{-}

15

the corresponding expectation operator.” The equilibrium labor contract (p,7n) needs

to satisfy the dynamic versions of the zero profit constraints and limited commitment

constraints'®
E; {m(y,7,07) | 6] =0} =0forall§ €O, (ZPCy)
k> Ep {mily,n, 07) | 0',7,} > —¢ for all t < T and all (6',7,) € ©' x R!,. (LCCy)

The dynamic limited commitment constraints make sure that neither a worker nor a firm
has incentives to terminate the contract in any period. If the continuation profits were
larger than the quitting cost, another firm could profitably steal the worker. Similarly,

if losses exceed the firing cost, the firm would be tempted to fire the worker.

The planner’s problem. The planner maximizes the average of individual lifetime util-
ities, weighted according to the probability measure fig, subject to a feasibility and

incentive-compatibility constraints

maxE{U(c,n)} s.t. (19)
c,y,n
T
E {Z B0y — Ct)} =0, (20)
=1
(p*,n) € maxE;{U(c,n)} subject to ZPCy and LCC,. (21)
Py

The dynamic feasibility constraint implies that the planner can effectively borrow and
lend at the gross interest rate 1/8. The purpose of this assumption is to avoid an

incomplete consumption insurance purely due to a time trend in expected productivity.

3.2. No labor market commitment

Similarly as in the static model, also in the dynamic case the no commitment scenario is

equivalent to the Mirrleesian framework. Differently than in the static model, the one-

5More formally, consider a labor contract (p,7), where p = ((}:’Lm7 Bg s ip, ),m). The expectations of
some function g(c”,y”,nT,07) are defined as

By {alcnn6™) = [ [ olctn6 i), pn(O" 750,07 7). 6 e (67 gy (7).

16Sometimes the abbreviated notation for conditional expectations is used:

By {mely,7,07) | 0,7 b = By {moly, #,67) | (07, 67) = 0, (P, e ) = 7l }
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sided commitment case (min{x, ¢} = 0) is in general not equivalent to the Mirrleesian
framework when 7' > 1. That is the case because, as we will see, firms are able to provide

some insurance to their workers even under one-sided commitment.

Lemma 5. Suppose that ¢ = k = 0. In any equilibrium of any deterministic mechanism

icome 1S equal to output at every productivity history.

3.3. Full two-sided commitment

Suppose that both a worker and a firm can credibly promise not to terminate the employ-
ment relationship under any circumstances (k = ¢ = c0). Consequently, we can drop
the limited commitment constraints. The following lemma characterizes the equilibrium

labor strategy.

Lemma 6. Suppose k = ¢ = co. Fiz a productivity history 07 . The equilibrium labor
supply in period t < T depends only on (i) the current productivity 0], (ii) the initial
productivity 07 and (iii) the expected lifetime labor income of the agent with initial

productivity 61 .

Since there is no threat of separation under full two-sided commitment, the labor contract
maximizes this worker’s expected utility subject only to the zero profit condition, which
requires that the expected lifetime output and income are equal. Equivalently, the
equilibrium labor supply minimizes the expected disutility of producing the expected
lifetime income. It means that in the equilibrium the marginal disutilities of production
v'(n¢) /0y are equalized across all histories and time periods. The level at which these
marginal disutilities are equalized depends both on the initial expected lifetime income
and on the initial productivity, which may be informative about the future productivity

process of the worker.

3.3.1. Insurance under full two-sided commitment

Let’s define a notion of insurance which allows us to easily incorporates utility func-
tions which are not strictly concave in consumption. A mechanism (¢, y,n) involves full
insurance if

u (e1(07)) =’ (cr(6")) for all " and all ¢ < T. (22)

Theorem 2. Suppose k = ¢ = oo. All incentive-efficient mechanisms involve full

msurance.

To understand Theorem 2, it is instructive to consider the optimal allocations in the
dynamic Mirrlees model first. Abstracting from redistributive preferences, the planner
has two goals: insuring consumption and providing incentives for efficient labor sup-

ply. Crudely speaking, labor is supplied efficiently if the labor supply increases with
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the worker’s productivity.'” In the dynamic Mirrlees model these two goals cannot be
achieved at the same time: if consumption does not vary with productivity, neither does
income nor output and the labor supply is actually decreasing with productivity. Con-
versely, the labor supply will be efficient if each agent simply consumes his output, but
then there is no insurance. Optimally, the planner chooses a middle ground: a partial

consumption insurance and a pattern of history dependent labor distortions.

Things look differently in the full two-sided commitment case. From Lemma 6 we know
that the equilibrium labor strategy depends solely on the expected lifetime income of
each initial type. Hence, the planner can eliminate the entire labor income risk without
introducing additional labor distortions by simply replacing the labor earnings at each
contingency with its expected value for that period. As agents are not exposed to the
labor income risk, they do not face any consumption risk either. Intuitively, since firms
have more information than the planner, the planner outsources the entire insurance

provision to firms.

3.3.2. Redistribution under full two-sided commitment

Given the results so far it easy to see that the taxation problem under full two-sided
commitment is effectively static. Theorem 2 says that in all incentive-efficient mecha-
nisms each worker has a constant consumption (as long as the utility is strictly concave).
Lemma 6 in turn implies that we can focus attention on mechanisms where each worker
has a constant labor income. Therefore, we can relate this dynamic problem to the
static taxation problem from Section 2. To do that, denote the average disutility from
labor of some initial type 6 with average per-period income g by 9(g, ). One can show
that o(-,0) inherits the properties of the per-period disutility from labor v: it is strictly
increasing, strictly convex and differentiable. Furthermore, define the single-crossing
condition: vy(y,0) is decreasing with 6§ when y > 0 and is decreasing strictly when
y > 0. In the static model, the single-crossing condition is automatically implied by
agents’ preferences. In the dynamic framework this condition means that the marginal
disutility of average lifetime earnings is decreasing with initial productivity. Intuitively,
that is the case if the initial productivity is not negatively correlated with future pro-
ductivities. A sufficient condition for that is the initial productivity which shifts the
distribution of productivities in all future periods according to the first-order stochastic

dominance.
Claim 2. Single-crossing condition holds if for any 60 and 0" from ©, 6 > ¢, it is true
that {67 | 67 =0} =posp {6F |07 =0'} for allt <T.

Given the single-crossing condition, we can proceed as in Section 2 and simplify the

incentive-constraints to three familiar requirements.

17 Abstracting from redistribution, the first-best allocation is characterized by the full insurance
o' (c:(07)) = u/(c1(67)) and the efficient labor supply u'(c:(07)) = v'(nt(07))/0F for all t < T
and all 07 € ©7.
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Theorem 3. Suppose that kK = ¢ = co. Suppose further that © is an interval in Ry,
0(y(0),80) is absolutely continuous in 0 for all nondecreasing y(-) and the single-crossing
condition holds. The mechanism (c,y,n) such that c(0]) = &(0T) and y(0F) = y(0T) for

all t < T is incentive-compatible if and only if it satisfies
1. income monotonicity: y(-) is increasing,

2. local incentive constraints: u(c(0)) — v(y(0'),0") = w(e(0)) — 0(y(9),0) —
19 59(5(8),0)d8 for all § and @,

3. mo-randomization constraint: 0,(y(0),0) is decreasing with 6.

The dynamic optimal taxation problem under full two-sided commitment is equivalent
to the static optimal taxation problem under two-sided commitment with a modified
disutility from labor. In particular, the regressivity restriction due to a threat of wage

randomization, which we discussed in Section 2, applies in this dynamic setting as well.

3.4. Partial commitment

In this section I characterize incentive-efficient mechanisms when commitment is limited
(min{k, ¢} < 00): either a firm or a worker would break the contract subject to suffi-
ciently strong incentives. Partial commitment is common in modeling labor markets and
insurance relationships. For instance, Harris and Holmstrom (1982) and Krueger and
Uhlig (2006) assume one-sided commitment, where firms can commit fully and agents
cannot commit at all. Labor search models typically operate under partial commitment
which in this context effectively means that the match surplus is positive. In Thomas
and Worrall (1988) the commitment is partial and stochastic due to random outside
options of a worker and a firm. My framework can be extended to include a random
variation to the quiting cost and the firing cost in a straightforward manner as long as

the realized costs are publicly observable.

3.4.1. Insurance under partial commitment

Let’s first abstract from redistribution by assuming that all agents are initially identical.

Denote by e, the probability measure over the set of initial types implied by pgr.'®
Assumption 1. T > 2 and there exists § € O such that pe, ({0}) = fe({6}) = 1.

Proposition 1. Suppose that Assumption 1 holds. Consider an mechanism (c,y,n)
which is incentive-feasible when the quitting and firing costs are Kk and ¢ respectively
and min{k, ¢} < oo. There exists a labor income function § such that the mechanism
(c,7,n) is incentive-feasible when the quitting and firing costs are k' and ¢’ respectively,
where k' + ¢ = Kk + ¢ and either k — k' or ¢ — ¢ is finite.

8Denote the o-algebra over © by Be. Then pe, (A) = per (A x ©771) for all A € Be.
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Figure 2: The distribution of commitment and the intertemporal income shifting

a) Equal commitment power b) A firm can commit more c¢) A worker can commit more

quiting cost x > 0 quiting cost k' < K quiting cost k" > Kk
firing cost ¢ > 0 firing cost ¢ = ¢+ Kk — K’ firing cost ¢" = ¢ + K — K’
t=1 t=2

Income is represented by O and output is represented by ®. There are two time periods and two possible
productivity realizations in the second period. The total commitment power is constant and just enough
to eliminate the income risk for the chosen labor strategy.

What matters for the within-firm insurance is the total commitment power k + ¢. It
is irrelevant who can commit more within a firm: an employer or an employee. Any
imbalance in the commitment power can be corrected by shifting labor income forward
or backward in time, as illustrated in the Figure 2. When the firm can commit more,
wage payments are backloaded - shifted toward later periods - and in early periods the
worker is paid less than his output (see panel b of Figure 2). The worker effectively places
a deposit in the firm which discourages quitting early. Analogously, when the worker can
commit more, wage payments are frontloaded - shifted toward early periods - and it is the
firm who effectively gives a deposit to the worker (see panel ¢ of Figure 2). Crucially,
this intertemporal income shifting allows the firm to satisfy the limited commitment

constraints without introducing additional income risk or changing the labor strategy.

If the income is shifted between periods, how come agents can maintain the same con-
sumption allocation? The simplest intuition is that the agents could undo these in-
tertemporal shifts in income by trading a risk-free bond subject to a sufficiently loose
borrowing limit. Since such asset trades are not contingent on productivity and, hence,
are within the information set of the planner, the planner could set up an indirect mecha-
nism allowing for such asset trades. The revelation principle informs us that the resulting
allocation could also be implemented as a direct mechanism, where the planner directly
assigns final consumption to the agents. Alternatively, the planner could replicate the

allocation with the asset trades via the age-dependent taxes.

Define full one-sided commitment as a situation in which only one side of the labor
market can commit fully, i.e. when the quitting cost x and the firing cost ¢ are such
that max{k, ¢} = oo and min{k, ¢} < oo. One can show that such arrangement is

equivalent, up to the labor income function, to the two-sided commitment case.
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Corollary 2. Suppose that Assumption 1 holds, © is bounded and v'(c0) = oo. For
any mechanism (c,y,n) that is incentive-efficient under full two-sided commitment there
exists a labor income function § such that the mechanism (c,y,n) is incentive-efficient

under full one-sided commitment.

When one side of the labor market can commit fully, the total commitment power is
infinite and, hence, equal to the total commitment power under full two-sided commit-
ment. In the spirit of Proposition 1, these two cases are thus equivalent. The additional
assumptions of Corollary 2 ensure that income shifts required to satisfy the limited com-
mitment constraints are finite. Consequently, we can apply Theorem 2 to economies
with no initial differences and full one-sided commitment to discover that all incentive-
efficient mechanisms involve full consumption insurance. A specific case of Corollary 2
was noted by Harris and Holmstrom (1982) (see their footnote 5) who observed that the
equilibrium of the insurance market with full commitment of firms and no commitment
of workers achieves full consumption insurance when workers can borrow sufficiently.
The borrowing allows workers to maintain constant consumption while their income is
backloaded. An inability of workers to borrow (or of the government to introduce age-
dependent taxes) is the reason why some models with full one-sided commitment fail
to achieve full insurance. For instance, Krueger and Uhlig (2006) find that full insur-
ance is achieved only in the long run. If in their model the agents were able to borrow
sufficiently, or if there was a government able to introduce age-dependent taxes, the

equilibrium would involve full insurance from the initial period.

3.4.2. Redistribution under partial commitment

Let’s bring back the initial differences of workers and the redistributive preferences of
the planner. Define a useful class of labor contracts available to agents: a labor con-
tract (p,n) does not randomize in the initial period if mq(67,7L) = mq1(07,7/L) and
a1 (07,7 7Y = 2y (67, #T) for all §7 and all #7,#T" ¢ RT . With a slight abuse of notation
I will then suppress the redundant, second argument of the reporting and labor strate-
gies. An example of a labor contract which does not randomize in the initial period is an
equilibrium contract of any incentive-compatible mechanism, i.e. the truthful reporting
strategy p* combined with the labor supply recommendation specified in the mechanism.
Naturally, any contract which does not satisfy the above condition is said to randomize

i the initial period.

Lemma 7. Suppose min{k, ¢} > 0. Suppose that given a mechanism (c,y,n) some
initial type 0 is indifferent between (p*,n) and (p,n), where (p,n) does not randomize
in the initial period and nq1(0) # n1(0). Then the equilibrium labor contract randomizes

in the initial period.

Suppose min{k, ¢} = 0. Suppose that given a mechanism (c,y,n) workers prefer (p*,n)
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to any relevant labor contract which does not randomize in the initial period. Then the

mechanism is incentive-compatible.

Lemma 7 is a generalization of the similar result from the static model (Lemma 3).
In the truthful equilibrium the initial continuation profits are zero by the zero profit
constraints. It means that as long as both the quitting cost and the firing cost are
strictly positive, the initial limited commitment constraints of a firm and a worker are
slack. Then the agent can improve upon any pure misreporting by randomizing initial
reports and slightly reducing the variation of the initial labor supply between the reports.
On the other hand, if either the quiting or the firing cost is zero then no averaging of
labor supply between random reports is possible, as it would violate one of the limited
commitment constraints. Without labor averaging the agent cannot gain by randomizing

reports initially.

Proposition 2. Take some incentive-feasible mechanism (c,y,n) when the quitting cost
is k and the firing cost is ¢. There exists a labor income function § such that (¢, g,n) is
incentive-feasible when the quitting cost is k' and the firing cost is ¢' where k' +¢' = k+¢,
either k — k' or ¢ — ¢’ is finite and min{x’, '} < min{k, ¢}.

Without initial differences between agents, incentive-compatibility of the given consump-
tion function and labor supply recommendation depends only on the total commitment
power Kk + ¢. Once we consider the initial differences and the redistributive motive of
the planner, what matters is also the minimal commitment power min{x,¢}. If one
side of the labor market has no commitment power, by Lemma 7 the planner does not
need to consider randomizing reports in the initial period. As the minimal commitment
power rises, the ability of agents to average labor between random reports grows, which

increases incentives for random misreporting.

An implication of Proposition 2 is that, keeping the total commitment power constant,
the value of the social welfare function at the incentive-efficient mechanism increases as
the minimal commitment power decreases. It is particularly clear once we compare the
incentive-efficient mechanisms under the full two-sided commitment (k = ¢ = o0) and
under the full one-sided commitment (max{x,¢} = oo, min{x, ¢} = 0). By Lemma 7,
in the former case the redistribution is constrained by threat of random misreporting
in the initial period. In the latter case agents cannot gain by random misreporting, as
no averaging of labor between reports is possible. Consequently, the relevant incentive-

compatibility constraints are slacker and allow for more redistribution.

4. Labor market commitment and income taxation in US

In this section I investigate the practical relevance of the regressivity restriction due

to the labor market commitment. First, I document that the US tax code violates
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the no-randomization constraint. The tax regressivity is caused by the phase-out of
FEarned Income Tax Credit and gains from randomization are potentially large. Second,
I calibrate the model to match the US income distribution and compare the optimal tax

schedules with and without two-sided commitment.

4.1. Actual tax schedule

Figure 3 presents the US tax and transfer schedule faced by a jointly filling married
couple with two children. For clarity, I focus on a single social transfer program: earned
income tax credit (EITC), the largest cash-transfer program for low income families
(Eissa and Hoynes 2004). As labor income increases EITC is first phased in at 40%
rate and later phased out at 21% rate. The phase-out region ends at $38,646 where
the effective marginal tax rate falls discontinuously by 21 percentage points.'!? Thus, an
agent with income around $38,646 would gain by randomizing wages. In particular, a risk
neutral agent could gain an equivalent to $2,563, slightly more than half of the maximal
tax credit and 7.6% of the disposable income (see Table 1). Gains from randomization
fall quickly with the degree of risk aversion, yet remain non-negligible: agents with a
log utility could gain up to 1% of disposable income, while agents with the coefficient of

relative risk aversion of 4 could gain up to 0.2%.

Given potentially large gains from randomizing wages, it is natural to ask whether it can
can be observed in the data. To the best of my knowledge, this question has not been
addressed in the literature. Lemieux, MacLeod, and Parent (2009) report that more
than one third of jobs in PSID include a variable pay component, for instance bonuses.
The difficulty, however, is in separating wage variability due to incentive reasons, such as
performance pay, and wage randomization for pure tax avoidance reasons. A potential
way to disentangle performance pay from wage randomization is to use changes in tax
progressivity. A reduction of progressivity which does not make the tax locally regressive
should affect the performance pay but not the wage randomization. Alternatively, one
could focus on self-employed individuals who do not face agency problems. Furthermore,
a stochastic variation of wages can be approximated by a deterministic wage path over
time. For instance, instead of randomizing with equal probability between a high wage
and a low wage over two periods, a firm could offer the low wage initially and the high
wage afterwards. Thus, the wage randomization could be disguised as the tenure effect
on wages. In this case one could check whether the tenure effect is stronger at income

levels where the tax schedule is regressive.

There are at least two reasons why wage randomization may be hard to find in the data.

YEITC creates similar tax regressivity for households with different structure as well, although the
income thresholds and the size of the tax credit differ. Other social programs are unlikely to reduce
the regressivity of the tax and transfer schedule. Tax child credit phases out above $110,000 and
does not affect the effective marginal tax rates in the considered income range. Food stamps for a
household of four in 2008 were phased out at $27,560 which would make the schedule even more
regressive.
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Figure 3: Tax regressivity due to Earned Income Tax Credit
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The tax and transfer schedules are for an employed married couple with at least two children, filling
jointly in 2008 (source: Saez (2010) and the IRS website). The tax and transfer schedule is regressive
at $38,645. The dotted line shows how the wage randomization of the risk neutral worker effectively
convexifies (i.e. makes progressive) the tax and transfer schedule.

First, as Table 1 indicates, large gains from randomization require income variation in the
range of thousands of dollars annually. It may be the case that either the workers around
the phase-out region of EITC or their employers cannot credibly accept a wage variation
of such magnitude. Lagakos and Ordonez (2011) note that both workers and firms can
commit more in industries where firm-specific human capital is important. As such
industries tend to employ more skilled workers, the wage randomization may become
relevant only at higher income levels. Second, agents may face optimization frictions
preventing them from choosing the compensation structure optimally. Chetty (2012)
finds that the adjustment cost of 1% of after-tax earnings can reconcile the widespread
estimates of Hicksian elasticity of labor supply. Optimization frictions of the same
magnitude would explain a lack of wage randomization around the phase-out region of

EITC for the coefficient of relative risk aversion of one or higher.

4.2. Optimal tax schedules

This subsection examines how the labor market commitment affects the optimal tax
schedule in the model economy calibrated to match the US income distribution. I
will compare the optimal allocation in the static model under two-sided commitment
(min{k, ¢} > 0) with the optimal allocation when one of the parties has no commitment
power (min{x, ¢} = 0). The allocation under no commitment is also the optimum of the

standard Mirrlees model.

Agents have utility from consumption u(c) = ¢'~?/(1 — o) with a constant coefficient of

relative risk aversion o and a disutility from labor n'*1/¢/(1 4+ 1/¢). When agents are

26



Table 1: Gains from wage randomization around the phase-out region of EITC

coefficient of relative risk aversion

c=0 oc=1 =2 c=3 oc=4
gain, absolute $2,563 $334 $163 $106 $78
gain, relative 7.6% 1% 0.5% 0.3% 0.2%

randomization +$26,454; -$22,006 £$6,507 +£$3,253 £+$2,152 £$1,627

For risk averse agents, the table reports an income lottery with two equally likely outcomes $38,645 + ¢,
where € is chosen to maximize gains from randomization. For risk neutral agents, the table reports the
optimal income randomization which is asymmetric. Absolute (relative) gains are expressed as a
absolute (proportional) increase of consumption of an agent who does not randomize required to bring
his utility to the level of the randomizing agent. Monetary variables are reported in 2008 dollars.

risk neutral the parameter € captures the intensive margin labor supply elasticity and,
following Chetty (2012), I set it to 0.33. I use the actual tax and transfer schedule of
Heathcote, Storesletten, and Violante (2017). The income distribution implied by the
model under the empirical tax schedule matches the cross-sectional income distribution
in the US. Specifically, incomes up to $150,000 are distributed lognormally, while higher
incomes have are distributed according to the pattern of the income hazard ratio from
Diamond and Saez (2011) and feature a Pareto tail above $475,000 (see details in Online
Appendix B). The distribution of productivities is then extracted from the empirical
income distribution and the empirical tax schedule by applying the agents’ first-order

condition as in Saez (2001).

I compute the optimal tax schedules for two social welfare functions: Rawlsian, which
places the entire welfare weight on the least productive agent (fie ({min©}) = 1), and
Utilitarian, which weights utilities of all agents equally (jig = pe). The optimal tax
rates under two-sided commitment are computed with the algorithm described in Online
Appendix B. Computed tax schedules generate the same net tax revenue as the empirical

tax schedule.

Rawlsian planner. The two-sided commitment imposes a regressivity restriction which
is particularly severe when agents are risk neutral. When additionally the optimal
marginal tax rates under no commitment are U-shaped, as argued by Diamond (1998)
and Saez (2001), and the social planner is Rawlsian, then the optimal tax schedule under

two-sided commitment becomes fully linear.

Proposition 3. Suppose that (i) agents are risk neutral: o = 0, (ii) the planner is
Rawlsian, (iii) the optimal marginal tax rates without commitment are U-shaped: T'(y)
s quasi-convex with local maximum at 0 and a local minimum at some positive, finite in-
come, (iv) the mean income is finite. Then the optimal tax under two-sided commitment

s linear.
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Proof. Under the assumptions made the no-randomization constraint implies that the
marginal tax rates cannot fall with income. Since without commitment the tax rates
first fall and then rise, under two-sided commitment the tax rates will be either constant
everywhere or constant until a certain income level and then rise. The former case
happens when the optimal linear tax rate is weakly greater than the optimal top tax

rate without commitment, i.e. when (see e.g. Piketty and Saez (2013))

1
> Sa>1, 23
l+e " 14ea  °F (23)

where a is the tail parameter of the income distribution. Note that when the mean

income is finite the tail parameter of income distribution is greater than 1. |

The proposition is illustrated on Figure 4. For the US economy, where the optimal tax
rates under no commitment are U-shaped and the mean income is finite, the optimal
Rawlsian tax schedule with risk neutral agents under two-sided commitment is identical
to the optimal linear tax schedule (Sheshinski 1972; Piketty and Saez 2013). Therefore,
in this particular case, the two-sided commitment eliminates all gains from nonlinear
taxation. In the counterfactual case, when the top income tail is so thick that the
average income in the economy is infinite, the the top tax rate without commitment
is elevated above the optimal linear rate. Then the optimal tax rates under two-sided
commitment are constant until a certain income level, from which they converge upwards

to the top tax rate under no commitment.

When agents are risk averse, the no-randomization constraint allows a certain degree of
local tax regressivity. As a result, the U shape of tax rates under no commitment is less
pronounced, but not fully eliminated under two-sided commitment (see Figure 5). The
main difference with respect to the schedule under no commitment is that the marginal
tax rates are substantially lower at very low income levels. For instance when o = 1 the
tax rates at lowest incomes are reduced by more than 15 percentage points. If they were
any higher, the tax rates at middle incomes would be elevated, increasing tax distortions
where the density of income is high. The impact of two-sided commitment on the shape
of the tax schedule is weakening with the coefficient of the relative risk aversion, which
happens for two reasons. First, more risk averse agents require a more regressive tax to
have incentives to randomize incomes, which relaxes the no-randomization constraint.
Second, when agents are more risk averse, stronger income effects lift tax rates at all
income levels (Saez 2001). Consequently, the U shape is flattened and the regressivity of
the tax schedule at low income levels is reduced. The regressivity restriction implied by
the no-randomization constraint is therefore less binding. The welfare loss due to two-
sided commitment is quickly decreasing with the coefficient of the relative risk aversion

o from a large 2.6% for risk neutral agents to a modest 0.1% for o = 3 (see Table 2).
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Table 2: Welfare loss from two-sided commitment

coefficient of relative risk aversion
c=0 oc=1 0=2 o0c=3 o=4

Rawlsian 26% 09% 03% 0.1% 0.1%
Utilitarian ~ 0.0% 0.0% 0.0% 0.0% 0.0%

The welfare loss is expressed as a proportional consumption change required to reach the value

of the social welfare function under no commitment.

Utilitarian planner. The tax rates under no commitment are U-shaped when the plan-
ner is Utilitarian, but the income interval where the tax rates are decreasing is smaller
relative to the Rawlsian case (see Figure 6).20 As a result, the impact of the two-sided
commitment on the marginal tax rates is confined to the lowest incomes. Although the
interval of tax regressivity is small, the rates decrease there very rapidly and the impact
of the no-randomization constraint is powerful: when ¢ = 1, the marginal tax rates
at lowest income levels fall by more than 40 percentage points. The no-randomization
constraint eliminates the U shape almost entirely, leading to the optimal tax schedule
that is close to being progressive everywhere. However, since the two-sided commitment
affects the schedule of the marginal tax rates only at the lowest incomes where density

is very low, its social welfare cost is negligible (see Table 2).

5. Conclusions

This paper shows that the labor market commitment allows firms to insure their workers,
but it may also enable wage randomization which bounds tax regressivity and restricts
redistribution. The regressivity restriction, governed by the novel no-randomization
constraint, has a powerful impact on the shape of the optimal tax schedule, reducing
the marginal tax rates at low income levels by up to 40 percentage points. The threat
of wage randomization is relevant also in other models featuring two-sided commitment,

regardless of additional agency or search frictions.

Policy recommendations which can be drawn from these results are two-fold. First, a
tax and transfer schedule should not be excessively regressive as otherwise workers will
inefficiently expose themselves to income risk to avoid taxes. Second, the labor market
commitment is in general endogenous and depends on the labor market institutions such
as unemployment insurance, regulations of non-compete clauses, firing restrictions and
mandated severance packages. A labor market reform which promotes workers’ mobility
while strengthening the commitment power of firms could allow for more redistribution

via the income tax without sacrificing insurance of workers.

20T do not plot the Utilitarian tax schedule for risk neutral agents, since then the planner has no
redistributive objective and the optimal tax rates are constant at zero.
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Figure 4: Optimal Rawlsian tax schedule with risk neutral agents
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Figure 5: Optimal Rawlsian tax schedule
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Figure 6: Optimal Utilitarian tax schedule
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b) Calibration with the infinite mean income
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A. Proofs from Section 2

Proof of Corollary 1. Suppose y is discontinuous. From the standard screening problem
we know that any incentive-compatible y is increasing (e.g. Theorem 7.2 in Fudenberg
and Tirole (1991)). Hence, the set of discontinuity points of y is countable, all disconti-
nuities are jumps and y has directional limits everywhere. Suppose that there is a discon-
tinuity at 6: y(#) > limgg y(6'). Note that U(c(),y(0)/6) = limgg U(c(8'),y(6')/0),
since otherwise either 6 or a marginally lower type would prefer to misreport. By the
reasoning of Lemma 3, for sufficiently small §—6’ > 0 type 0 prefers to randomize reports

between 6 and #’, which contradicts incentive-compatibility. |

Proof of Claim 1. By the local incentive-compatibility constraint we have

(YO, _ <), _ / :
v (B2 jo = S = (- TWO) GO - TeO). 2
Then v/ (@) /0 is decreasing when d [v’ (@) /9} /df < 0, that is when
y(0) [(1 = T'w®)* o () = T(O) ~ T WO (u(6) - T(y(6)] <0.  (25)

Note that 3'(6) > 0 is implied by the differentiability of 7. [ |

B. Proofs from Section 3

Proof of Lemma 5. Consider a deterministic mechanism (¢, y,n) with a labor income

function y and an associated equilibrium (p,n). Take any (#7,rL) € ©7 x RT and

rtm
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consider its partial history (6%,r%)) for t < T. Then

Ep {m(y,n,0") | 0',r7, } = 07 na (07 r) —ye(m(07, ) + BEy {misa (y,m,07) [ 0,77, }

=0 by LCCy =0 by LCC,

(26)
By LCC, the left-hand side is zero. The second term on the right-hand side is zero by
LCC, as well, since it can be rewritten as E, {E, {m1(y,n,07) | 0771 rtF1L | 68l 1.
This proves the claim for non-terminal periods. For the terminal perlod note that there

is no second term on the right-hand side. |

Proof of Lemma 6. Given a mechanism (c¢,y,n) and a reporting strategy p, the labor

strategy solves

T T
minE, {Z ,@t—lu(m)} s.t. B, {Z B 0T hy — ) | 0F = 9} =0 forall§ € O.

t=1 t=1
(27)
This is a convex minimization problem. The first-order conditions are
V) _ \ (7Y for all ¢ < T and all (67,17) ¢ O x BT 28
9? - (1) or a —= and a ( 7rm)e X Ly ( )

where \(0) is a Lagrange multiplier of ZPCy of the initial type .2 Tt is easy to show that
the multiplier for each initial type is unique.?? The equilibrium labor supply depends
only on the current productivity and the value of the Lagrange multiplier. The multiplier
in turn depends only on the initial productivity 67, which determines the productivity
process faced by the agent at the moment of signing the contract, and the expected

lifetime income of the agent with the initial productivity 61. |

Proof of Theorem 2. Consider some incentive-feasible mechanism ¥ = (c¢,y,n) which
does not involve full insurance. Construct a new mechanism ¥’ = (¢/,y',n) in the
following way. First, for each initial productivity § € © find a constant consumption

level ¢(f) which yields the same utility from consumption as the original mechanism:
T T
> 87 u(e(0)) = B, {Z B u(er) | 07 = 9} : (30)
t=1 t=1

Set ¢ equal &(#) at all periods and for all histories 7 such that #7 = #. Second, choose

income function y’ equal to the expected income at each time period, given the initial

#'When corner solutions are possible, the optimality condition becomes min{ (6] ) — v'(n:),n:} = 0.
22Expressing labor supply at each partial history with (28) and plugging into the zero profit constraint

we get
T
E, {Z g1 (etTv’—l (9&(9?)) _ yt) |67 = 9} —0forall § € ©. (29)
t=1

Since the left-hand side is strictly increasing with the multiplier, the multiplier is unique.
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productivity:
Y (07) =Ep {y: | 07 =0} forallt <T and all 67 € O7. (31)

By Lemma 6, keeping the reporting strategy fixed, the agent will choose the same labor
strategy in mechanisms ¥ and W', since the expected lifetime incomes of initial produc-
tivity types are unchanged. Consequently, the two mechanisms evaluated at the truthful
reporting strategy yield the same expected utility: E«{U(c,n)} = E,-{U(c,n)}. Since
the agents are risk averse, additional insurance they receive in ¥’ frees some resources

to the planner.

I will show that the mechanism W’ is incentive-compatible. Suppose that there are
strategies (p/,n’) which satisfy ZPC with respect to ¥’ and give higher expected util-
ity than truthtelling: E,{U(c¢',n’)} > E,-{U(¢/,n)}. Construct a reporting strategy p
such that the first period reports are the same as the first period reports of p’. Sup-
pose that the realized first period report was 6. Reports implied by p in consecutive
periods have the same distribution as the distribution of productivity histories with
initial productivity equal .23 Conditional on the initial productivity and the initial
report, (¥, p) and (¥, p') lead to (i) the same expected lifetime utility from consump-
tion (by construction of ¢’) and (ii) the same expected lifetime disutility from labor
(by Lemma 6, since the expected lifetime income is the same in the two cases). Since
the distribution of initial reports is identical in p and p/, the unconditional expected
utility given (¥, p) and (¥, p') coincide as well: E,{U(c,n’)} = E, {U(c,n’)}. Since
E{U(c,n)} > E-{U(c,n)} = E,~{U(c,n)}, the original mechanism is not incentive-

compatible which is a contradiction. |

Proposition B.1. Suppose k = ¢ = oo. There is an incentive-efficient mechanism
(¢,y,n) corresponding to the probability measure fig such that c(0]) = ¢(6T) and y(6]) =
g(0F) for allt < T, where &(-) and (-) solve

max  E{u(c(6]) —o(y(6]),61)} (32)
c:0 — R+
y:0 = Ry

subject to the resource constraint

E{y(67) — (1)} > 0 (33)

Z3Formal definition is as follows. Suppose that p’ = ((Rm',Br,,,, 1R, ), m'). Fix initial type 6. Define
o9 as a push-forward measure on (©,Be) defined by a map m/(6,-). Define ugr|y as a probability
measure over productivity histories conditional on initial productivity . Now define a probability
measure fig over (07, Bgr) as fig(A x B) = a9(A) [, por-14(B)da, A € Bo and B € Bgr-1. For
each 0 we have a probability space (GT, Bgr, i10). Denote the Cartesian product of all such probability
spaces as (R, Br,,, R, ). Finally, define p as ((Rm, Br,,, itRr,, ), m) where m(87,r%) =L, (67).
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and the incentive-compatibility constraints in mized reporting strategies
u(c(0') —u(c() — (y(0') —y (0)) vy(y(0),0) >0 for all 6 and ¢'. (34)

Proof of Proposition B.1. Define the average disutility from labor of an initial type 6

with average income ¥ as

Sy - < t—1 } - t—1 {T t—1 }_ - t—1-
(5, 0) _merggME{;B v(ng) |0 /;ﬁ st. E ;5 Biny | 0 ;ﬁ 7.

(35)
First I'll prove the postulated properties of function o(-,6). Clearly, it is strictly in-
creasing. To see that it is strictly convex, consider two average income levels y; and
Y2, Y1 # yo. Denote by n; and ns the labor strategies consistent with Lemma 6
which generate these an average incomes. For some o € (0,1) and all 67 define
a(07) = on1(07) + (1 — 0)no(AT), which generates average income oy + (1 — o)yo.
Note that due to strict convexity of v the disutility from following 7 is strictly lower
than o0 (y1,0)+ (1 —0)0 (y2, ) for any 8, which proves the strict convexity of v(: ). By
Corollary 5 from Milgrom and Segal (2002), directional derivatives of o(-,6) are equal
to the maximal and minimal Lagrange multiplier of the zero profit constraint. In the
proof of Lemma 6 I show that this multiplier is unique, which implies that o(-,6) is
differentiable.

Consider some incentive-efficient mechanism (¢, g,n). By Theorem 2, this mechanism
prescribes constant consumption and a deterministic labor income which, conditional on
initial productivity, is independent of subsequent productivity realizations. By Lemma 6
we can replace the labor income function ¢ with y which has the same average income
of all initial types, yet, given an initial type report, prescribes a constant labor income:
ye(07) = Zle pE1g(07)/ Zthl. Then the expected lifetime utility of initial type 6 is

T

E{(U(c,n) | 07 =60} =) 8" (u(c(6)) - 5(y(6),6)). (36)

t=1

The resource constraint combined with ZPC can be expressed as

T T
E {Z B (6 e — ct)} =Y BTE{y(6]) — c(67)} > 0. (37)

t=1 t=1

Divide the expected utility and the resource constraint by a positive constant Zthl pt1

to express them as in the statement of the lemma.

What remains to be shown is that the incentive-compatibility constraint can be expressed
as claimed. By Theorem 2 only initial type report matters and, as is shown in the more
general case in Lemma 7, only mixed reporting strategies are relevant. The form of the

incentive-compatibility constraint then follows from the reasoning analogous to that in
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Lemma 4. |

Proof of Claim 2. By Lemma 6 and Proposition B.1 we know that 9,(y, §) = A(6), where
A(0) is pinned down by

T

Zﬁt 1E {9T —1 (QT)\ 9T ’ HT 0} Zﬁt 1 (38)

t=1

Increase initial productivity, while keeping A(A7 ) constant. Since the function 67 v/~ (67 A(67))
is increasing in GtT and the distribution of productivities is shifted upwards according to
FOSD, the left-hand side weakly rises. In order for equality to hold, the multiplier needs

to be weakly reduced. It means that 0, (y, #) is nonincreasing in 6. [ |

Proof of Theorem 3. The proof is a generalization of the proof of Theorem 1: simply
substitute 9(y, ) for v(y/0), v,(y,0) for v'(y/0)/0 and Tp(y,0) for —v(y/0)y/6*. The
assumption of absolute continuity is required to obtain the integral representation of
o(y(0"),0") — v(y(6),0)). The single-crossing assumption is required for the necessity of
income monotonicity and for the implication 6’ > 6 A v, (y(0),0) > v, (y(¢'),0) —
y(6") —y(0) > 0. u

Proof of Proposition 1. Set A = k — k' if kK — K’ is finite or A = ¢ — ¢’ otherwise.
Construct a new income function 7 in the following way: §7(67) = yr(67)+ A, §:(67) =
y(07) + (1 — B)A for T >t > 1 and §1(67) = 31(67) — BA for all 7. Then we have
m(y,n, 01) = 7 (G, n,07) + A for t > 2 and m1(y,n,07) = 71 (¢, n,07) for all o7

Consider a new mechanism (¢, g,n). I will show that any strategies (p,n) satisfy ZPCy
and LCC,; with mechanism (c,y,n) and costs (k,¢) if and only if they satisfy ZPCy
and LCC, with mechanism (¢, ¢, n) and cost (k',¢’). Regarding ZPC,, it follows from
the equality of the continuation profits in the initial period. Regarding LCC,, for any
histories #" and 7!, of length at least 2 (¢ > 2) we have

k >Ep{mi(y, 7, 0") | ', 71} > —¢ (39)
which can also be expressed as

K+ A SE{me(i, 1, 07) | 00,7} + A >= —¢/ + A (40)

Subtract A from all sides to recover LCC, under the new mechanism. Under Assump-
tion 1 we can focus on reporting strategies that are truthful in the initial period. Then
7ZPC, implies that LCC, hold with " and ¢ also in the initial period.

Note that any (p,7n) implies exactly the same expected utility with (c¢,y,n) as with
(¢,y,n). Since the original mechanism is incentive-compatible, so is (¢, 3, n). The feasi-
bility of (¢, 9, n) follows from the feasibility of (¢,y,n) and ZPC,. |

38



Proof of Corollary 2. First I will show that (¢, y,n) is incentive-efficient for some quitting
and firing costs (k, ¢) where max{k, ¢} = oo and min{x, ¢} < co. By Lemma 6 we can
focus on labor income functions prescribing a constant labor income which depends only
on the initial report: y,(67) = y1(67) for all t < T and all 7. The boundedness of © and
the Inada condition v'(c0) = oo ensure that output 67 n;(#7) is bounded for all t < T
and all 7. Then the labor income y;(7), equal to the average output, is bounded
as well. Thus, for any reporting strategy p and the corresponding labor strategy 7
consistent with Lemma 6 the expected continuation profits E;{m; | 6,7, } are bounded
for all t < T and all (§7,#L) - denote the upper bound by 7 and the lower bound by 7.
Note that all strategies that are consistent with LCC,; under full two-sided commitment
are consistent with LCC, also when either Kk = oo and ¢ > —7 or kK > 7 and ¢ = cc.

Therefore, the mechanism (¢, y,n) is incentive-efficient also under such (k, ¢).

Then by Proposition 1, there exists a labor income function ¢ such that (¢, g,n) is
incentive-efficient for any quitting cost £’ and any firing cost ¢’ such that max{x’,¢'} =

oo and min{x’, ¢'} < oo. [ |

Proof of Lemma 7. 1t follows easily from Lemma 3. To prove part 1, we can write the
indifference between (p*,n) and (p,n) as u(c(0)) — v (n1(0)) + Up,(pr ) = u (¢ (111(0))) —
v (11 (0)) + Ug 5,1y, where Uy (,y ) stands for the continuation value of the initial type 0
following strategies (p’,n’). The inequality analogous to (7) holds when we incorporate
the continuation values and average labor supply only initially. Regarding part 2, when
min{k, ¢} = 0 then any labor averaging in the initial period violates the limited com-
mitment constraints. Hence, the contracts which randomize in the initial period give no

advantage over the contracts which do not randomize in the initial period. |

Proof of Proposition 2. Construct § as in Proposition 1. By Proposition 1 we only need
to verify that the mechanism (c,§,n) under (x/,¢’) does not allow agents to gain by
misreporting in the initial period. Suppose that (¢, 7, n) is not incentive-compatible. If
the tempting deviation does not involve randomization in the initial period, naturally
it would be tempting also with (¢, y,n), which is a contradiction. If the tempting devi-
ation involves randomization in the initial period and labor averaging, note that, since
min{x, ¢} > min{x’, ¢'}, the original mechanism under the cost structure (k, ¢) allows
for no less labor averaging. Therefore, the same deviation is tempting and the original

mechanism is not incentive-compatible, which is a contradiction. |
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