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Abstract

When searching for employment, workers consider non-wage job characteristics, such
as effort requirements or amenities. We study an environment where unemployed
workers search for jobs of different quality in a labor market characterized by directed
search. In equilibrium, firms are more likely to post vacancies for low-quality jobs,

as these are more profitable. Hence, high-quality jobs are hard to come a cross. The

non-observability of these employment contracts influences the o ptimal unemploy-

ment insurance (UI) program, leading to distortionary taxation. Calibrating the model
to the U.S. economy, we find that non-observability of employment contracts results in
faster-declining UI benefits, steeper taxes upon re-employment, distortionary taxation,
and a 10.5% costlier program than an observable contract scenario providing equal
welfare.

JEL classifications: H21, J64
Keywords: Unemployment insurance, Directed search, Intensive margin, Amenities,
Hidden savings
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1 Introduction

The labor market encompasses more than just wage compensation, as jobs vary signifi-
cantly in terms of amenities, perks, work hours, and effort requirements. When searching
for jobs, workers consider these non-pecuniary factors that determine job quality, and firms
tailor positions accordingly. Recognizing and understanding these complexities of the labor
market is crucial for crafting effective economic policies, particularly in the context of un-
employment insurance. Unemployment insurance programs must strike a balance between
providing adequate insurance and avoiding disincentives for job search and reemployment.
By considering different aspects of job quality, policymakers can develop unemployment
insurance policies that better align with the complexities of the modern job market.

In this paper, we study the problem of a government that offers unemployment insur-
ance in a dynamic environment featuring directed search. We innovate by considering
non-wage aspects of job quality, which firms can provide at different levels. Firms may
expand the supply of vacancies of jobs of lower quality, such as jobs that require more
effort and/or provide fewer amenities for the same level of earnings. As a prime exam-
ple, many people prefer home office jobs due to the flexibility they provide in balancing
personal and professional lives, such as eliminating long commutes and accommodating
family responsibilities. Furthermore, remote work reduces expenses on commuting, dining
out, and professional attire, making it a more economical choice, which motivates individ-
uals to seek out such roles. A growing body of empirical research, discussed in the next
section, strongly emphasizes the significance of job quality.

These non-pecuniary dimensions of job quality are important for our analysis. From
the workers’ perspective, they can reduce the expected unemployment spell if they look
for lower-quality jobs. For the design of optimal policies they are important because these
adjustments in job quality are typically not controlled by the planner.

We characterize the optimum for general separable preferences when the planner con-
trols the agent’s savings. At the optimum, unemployment benefits and net earnings decline
with the length of the unemployment spell. The repeated moral hazard nature of the prob-
lem implies that, at the optimum, the stochastic process governing consumption satisfies
the inverse Euler Equation. In the long run, unemployment benefits converge to zero. The
optimal contract also prescribes a positive wedge on the marginal rate of substitution be-
tween consumption and job quality, i.e., distortionary taxation. This result materializes
even though the planner can use non-distortionary instruments and there is no distributive

motive.



The logic is as follows. Consider a firm that increases job quality (lower work re-
quirements or increased amenities) for a fixed level of earnings to attract workers. This
increase in the value of the job, which goes under the planner’s radar since only earnings
are observed, leads to a higher probability of hiring. But, from a worker’s perspective,
high-quality jobs are harder to find. Because agents searching for a job are entitled to
unemployment benefits, high-quality jobs are expensive for the unemployment insurance
program. The question is how the planner can discourage firms from offering these high-
quality jobs. Now, a worker who manages to get such a job has a higher utility of job
quality than those who get lower-quality jobs. In an economy without distortions at the
margin, these workers would like the firm to provide less job quality in exchange for a
proportional increase in earnings. By taxing earnings at the margin, the planner discour-
ages such a change and makes these high-quality jobs less attractive. This result relies on
three realistic assumptions embedded in our framework: directed search, intensive margin
adjustments, and unobservability of the details of the employment contract.

We calibrate our model to the U.S. economy. The non-observability of employment
contracts has a significant quantitative impact on the optimal unemployment insurance con-
tract designed by the social planner. When contracts are unobservable, the unemployment
insurance benefits decline faster, taxes upon re-employment increase more rapidly with un-
employment duration, and distortionary tax rates are introduced. These factors lead to an
unemployment insurance program that is 10.5% more expensive than one that provides the
same level of welfare in a world in which contracts are observable.

To implement the optimal allocation described above, the planner must control the
agent’s savings, which may not be possible in practice. We take the possibility of hidden
savings and borrowing in perfect capital markets into account. For this case, we restrict
our analysis to preferences of the Greenwood et al. [1988] type specialized to the case of
Constant Absolute Risk Aversion (GHH-CARA preferences). The optimal allocation can
be implemented by a simple stationary contract: an upfront unemployment installment,
constant gross earnings, and taxes when the agent finds a job. The pattern of declining con-
sumption in both employment and unemployment is achieved by the worker’s (dis)savings
along the unemployment spell. In this hidden-savings case too, a positive wedge at the
margin characterizes the optimum.

Government agencies deploy various strategies to oversee unemployed individuals dur-
ing their job search to validate eligibility for unemployment benefits. Despite widespread
reporting mandates, such as recording job applications and interviews, ensuring job seek-

ers pursue suitable employment proves challenging. Confirming individuals do not solely



target highly competitive yet appealing positions that frequently draw numerous applicants
presents a significant hurdle. Our research demonstrates that the benefits of establishing an
effective unemployment insurance monitoring agency are substantial.
The rest of the paper is organized as follows. After a brief literature review, in Section
, we motivate empirically the interaction between receipt of unemployment insurance, the
likelihood of finding employment, and certain job characteristics. In Section 3, we describe
the environment and offer a one-period account of the forces explaining our findings. We
derive the properties of an optimal system under the assumption that the planner controls
agents’ savings in Section 4 and analyze the optimal contract quantitatively. Section

describes the optimal contract for the case of hidden savings. Section 6 concludes.

Literature Review

The modern treatment of unemployment insurance program design has its roots in Shavel
and Weiss [1979] and found its first canonical treatment in Hopenhayn and Nicolini [1997].
We contribute by focusing on directed search and by introducing the possibility of select-
ing jobs according to their effort requirements. Acemoglu and Shimer [1999] consider a
general equilibrium model of directed search with risk aversion. The static version of our
model generalizes theirs by considering the possibility of adjusting the effort requirements
of different jobs. Moreover, while their focus is on the general equilibrium aspects of
unemployment insurance, we concentrate on the planner’s solution to the optimal policy.

Shimer and Werning [2007, 2008] evaluate the consequences of allowing agents to bor-
row and save in perfect capital markets using McCall’s (1970) model of sequential job
search. Under CARA preferences, a policy comprised of a constant benefit during unem-
ployment, a constant tax during employment, and free access to a riskless asset is optimal.
In our directed search environment with the possibility of intensive margin adjustments
once employed, simple stationary policies are also optimal under CARA. We add to the
prescription by proving the optimality of introducing distortionary taxation to incentivize
search towards easier-to-find jobs.

A strand of the literature investigates redistributive policies in the presence of labor mar-
ket frictions. Golosov et al. [2013] consider the redistribution of residual income. Under
directed search, the optimal redistribution of residual income can be attained with posi-
tive unemployment benefits and a positive, increasing, and regressive income tax schedule.

They do not consider an intensive margin of non-wage job quality as we do.

2We also contribute to the literature that studies the optimal path of Ul benefits [e.g., Kolsrud et al., 2018,
Lindner and Reizer, 2020]. We add by considering non-observable aspects of job quality.
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The presentation of our theory below is centered on variations of effort as the relevant
intensive margin adjustment. In practice, workers may adjust their search not only by
becoming more selective about wages and how much effort they must exert once employed
but also about the quality of their prospective work environment, neither of which is within
the reach of policy.” We show that the same logic leading to the wedge in effort implies a
wedge in the supply of amenities. Recent research shows that job amenities are important
for workers [e.g., Sockin, 2022]. For instance, Morchio and Moser [2024] demonstrate
that amenities play an important role in explaining the gender pay gap. Bagga et al. [2024]
show that increased preferences for telework, a key job amenity, help explain the post-
pandemic labor market experience in the United States. We contribute to this literature
by showing that these non-wage characteristics of job quality influence the design of the
optimal unemployment insurance program.

Kroft et al. [2020] find sufficient statistics for the optimal combination of income taxes
and unemployment benefits but do not consider intensive margin adjustments as we do. da
Costa et al. [2022] study optimal distributive policies in the presence of labor market fric-
tions. While they emphasize intensive margin choices, their model is static and focused on
the interaction between distributive motives and unemployment insurance design. Here, we
abstract from redistribution while highlighting the dynamics of insurance when contracts

are not observed and there is scope for adjustments in the intensive margin.

2 Empirical Motivation

This section explores data from the United States to check whether there are discernible
differences in labor market outcomes between individuals receiving unemployment insur-
ance (UI) and those without such coverage. We rely on data extracted from the March
supplement of the Current Population Survey (CPS). This supplement provides data on UI
receipts among the unemployed, as well as key characteristics of their job for those cur-
rently working. Our analysis encompasses data from 2009 to 2022. We run linear probabil-
ity regressions to draw comparisons between the labor market trajectories of unemployed
individuals benefiting from UI and those without such benefits. Figure | provides the main
estimates (see Appendix A for the full regressions).

Figure 1(a) plots the difference in the likelihood of being unemployed one year ahead

for unemployed workers who receive Ul versus those who do not. Ul recipients are about

3These equalizing differences, surveyed by Rosen [1987], have been shown to be quantitatively important
in recent work by Mas and Pallais [2017], Sorkin [2018], Hall and Mueller [2018].



Figure 1: Difference in Outcomes between Unemployed Workers with Ul versus those
Without

(a) Prob. of unemployment one year later (b) Prob. of job amenity one year later
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Notes: Panel (a): Difference in the probability of being unemployed one year later for the unemployed today
that receive Ul versus those that do not. Panel (b): Difference in the probability of having a job with certain
amenities one year later for the unemployed today who receive Ul versus those who do not. Controls: age,

gender, and education.

8% more likely to remain unemployed than those without the benefit. Since Ul recipients
may be different from other unemployed workers, we also control for certain observable
characteristics: age, gender, and education. Even controlling for these variables, Ul re-
cipients are still around 7% more likely to remain unemployed. Standard moral hazard
considerations may explain why Ul recipients are less likely to find a job.

Figure 1(b) focuses on the likelihood that unemployed workers who become employed
end up working for jobs with certain amenities, i.e., higher-quality jobs. The gray bars
show that UI recipients are more likely to find unionized jobs. Presumably, these jobs
come with more benefits negotiated by the union. Moreover, the black bars show that UI
recipients are more likely to find jobs that provide health insurance, a key amenity in the
United States.

Overall, the two graphs in Figure | show an interaction between UI, the likelihood
of finding employment, and job quality. In the next section, we develop a theory with
such interactions and study what the optimal unemployment insurance contract is in such a

world.



3 Environment

In what follows, we equate job quality with effort requirements in the job, such that high-
quality jobs mean lower-effort jobs. The crucial assumption we make is that the planner
either cannot recover the disutility that the agent is incurring from their earnings or cannot
condition policy directly on it. While we will mostly use the level of output produced as the
driver of disutility, the approach is isomorphic to one in which the level of output associated
with each job is fixed but the disutility can be reduced by more amenities.

Time runs for t = 0,1, ..., and is discounted by 3 € (0, 1). Preferences are separable
across time, states, and between consumption, c, and effort, n. The flow utility generated
by (¢,n) is given by U(c,n) = ¢(c) — n(n), with ', —¢" n', " > 0, satisfying the Inada
conditions lim. o ¢’ (¢) = oo and lim, o7’ (n) = 0. One unit of effort, n, produces one
unit of the consumption good, c, the price of which is normalized to one.

The economy starts with the worker in an unemployment state. A job offer is a contract
specifying how much effort, n, the worker must exert if hired and their earnings, y. A
labor contract, consisting of the pair (n,y), defines a (sub)market. The probability, p,
of receiving a job offer in any market depends on the market tightness, with the implied
relationship captured by the function o : [0,1] — [0,00). This function associates an
employment probability, p, with the tightness that generates it. As in most directed search
specifications, we assume that g is strictly increasing, twice differentiable, strictly convex,
and satisfies p(0) = 0, lim,; o(p) = oo, which implies that o(p)/p is strictly increasing.
We also assume that ¢ = lim, | o(p)/p > 0.

The following assumption implies that a worker who receives a sufficiently low constant
lump-sum payment ¢ > 0 in every period would look for a job with a positive probability
if labor were not taxed:

¢ (c) <H;§Xs0(g+ye)—n(¢+ye)-

This assumption always holds, for instance, when lim. | ¢ (¢) = —o0.
To model a firm’s hiring decision, normalize the cost of posting a vacancy to /(1 — ).
An unemployed worker who applies for a job at time ¢ receives the answer at the beginning

of the same period, before collecting unemployment insurance. Firms are risk-neutral, and

“Indeed, assume that, if employed, the worker produces a quantity Z at a disutility cost Z — a, where a
denotes the level of amenities, supplied by the firm at a cost ¢(a), with ¢/, ¢” > 0, ¢(0) = 0. In Section D of
the Appendix, we show that the same is true when both the total production and the level of amenities can be
adjusted.



a free-entry condition drives expected profits to zero.

We study the cost minimization of a government that must guarantee a lifetime utility,
W, to the worker. The planner faces the following informational constraints when offering
insurance to the agent. First, the planner does not know whether the agent received a job
offer and rejected it or whether no offer materialized. Second, conditional on the worker
finding a job, the planner does not know the type of contract offered to the agent. More
precisely, the planner observes earnings, y, but not effort n. Whereas the first source of in-
formational asymmetry has been extensively studied, the second one is novel. To highlight
its role, we first present a one-period version of our economy in which the heuristics for

our main findings are simpler to convey.

3.1 A One-period Economy

Consider a simplified version of our model in which an agent lives for a single period split
into two sub-periods. In the first sub-period, the agent decides in which sub-market to
search, i.e., they choose p. If they find a job, they earn y° in exchange for producing z¢. If
not, they are entitled to an unemployment benefit c*.

Observable ¢ Let us start with the case in which z¢ is observed/controlled by the plan-

ner. In this case, the optimization problem is to choose (p, ¢*, ¢, z¢) to maximize
plz® = ] = (1= p)c* = wd(p),
subject to a promise keeping restriction,
ple(c) =n(2)] + (1 = p)e(c’) =V,
and an incentive compatibility constraint,
p(c) = (%) = @(c").

The solution of this problem, (z¢, c&, c¥, p,), is characterized by efficiency at the inten-
sive margin, 1/ (z¢) = ¢'(c%), a level of search intensity such that 25 — (& — ¢¥) = k' (po)
and dispersion in consumption between unemployed and employed: ¢(cS) — p(c¥) =
n(zg) > 0.



Non-observable z¢ We now turn to the case in which z¢ cannot be observed or controlled
by the planner. In this case, the zero profit condition pins down the relationship between
output, z¢, earnings, ¥, and the job-finding probability p, 2¢ = y° + rko(p)/p.

Note two features of the worker’s problem. First, contracts are not observable. That is,
the planner observes how much an employed worker is paid, y°, but it cannot monitor how
much effort, n°, a job demands. Second, from the zero profit condition, n® — 3¢ = ko(p)/p,
must hold for any contract, on- and off-the-equilibrium path.

For an employed worker to consume c®, they must earn y° = ¢® 4+ T and pay taxes,
T', to the government. Since the output they produce must also cover the vacancy-related
expenditures n¢ > y°. So, in what follows, we relegate n° and 7' to the background and
write the planner’s program with the controls c®, ¢*, and y°.

The planner observes both ¢® and y°. Hence, the only margin in which deviation is
possible is the choice of p. Moreover, the effort, n® = y¢ + ko(p)/p, is chosen when the
worker decides which job to apply to. Because the government observes neither p nor n®,
it can only condition policy on employment status and on earnings, y°. A worker who
chooses a higher matching probability and finds a job must exert more effort for the same
level of earnings. The intuition is simple: worse jobs, shorter queues.

Note that (c¢¢, ¢*, y¢) are controlled by the planner. Let, for any p,

U (3, e, ¢, 5°) = (1= Bp(c") + [w:e) —n (ye " %)] ,

and let the agent’s optimal choice of p be
p € argmax U (p, c*, ¢, y°) . (1)
p

Under the assumption that the solution to the agents’ problem is interior, i.e., the worker

actively searches for a job, the solution must satisfy the following first-order condition:

p(c) — (") —n (y + ﬁ%ﬁ) — rpnf (ye + ﬁ%) (@)/ =0, 2)

p
(#)-5(2)

is used to simplify the expressions.

where the notation

It is important to note that at this point that the moral hazard problem is more severe



due to the intensive margin adjustment. Indeed,

o(cg) — ples) = n(28) < n(2S) + Kpon' (25)(I(po) /po),

where (z¢, ¢&, ¥, po)solves the planner’s problem with observable z°¢.
To maintain incentive compatibility for the same p, the planner must either further
spread consumption or reduce z¢$. Second best principles suggest it will do both.

The Pareto frontier can be obtained by maximizing the planner’s expected revenue
—(I=p)c"+py° =), 3)
subject to delivering utility U* to the agent,
U(p,c",cy) 2 U, )

and to respecting the incentive-compatibility constraint (1).

Due to the concavity of the problem, (4) can be replaced by (?) whenever it is desirable
to induce a positive search. If it is not desirable to induce positive search, the solution
displays c* = ¢ = ¢~ (U*). Henceforth, we focus on cases where the optimal search is
positive.

To incentivize effort, the planner must ensure that ¢® > c¢*, which implies that con-
straints (2) and (4) bind. This fact, coupled with the concavity of the worker’s problem
with respect to p, confirms that ¢®* — y¢ > c*. Hence, the planner raises more revenues
when the worker finds employment. This is the source of moral hazard in our model. The
worker does not internalize the fiscal cost of the insurance provided by the government.
Accordingly, the government finds it desirable to induce a higher matching probability.

Turn now to how this impacts the marginal rate of substitution between consumption
and leisure. From the first order conditions with respect to ¢® and 3¢, it is immediate to
see that the marginal utility of consumption is greater than the marginal disutility of effort,
' () > 1’ (y° + ko(p)/p); marginal tax rates are positive. Indeed, combining the first

order conditions with respect to y* and with respect to c© we get

1— n' (n) — " (n°)k <@>,.

p

This implies ¢’'(c?) > i’ (n°); a positive wedge on the intensive margin.

SOf course, p will also be optimally adjusted.
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At the optimal allocation, labor effort is distorted downward. To better understand this
property, consider an alternative allocation in which this margin is not distorted: ¢'(c¢¢) =
7' (n°). A small perturbation in which consumption when employed, ¢¢, and earnings, y¢,
are both decreased by some small ¢ > 0 has no direct fiscal effect and only a second-
order effect on the worker’s utility. However, it changes the marginal incentive to search
for a job. The convexity of the cost of labor and the fact that workers who intend to find
a job with higher probability must provide higher effort once employed imply that this
perturbation makes it relatively more attractive to search for a job. This relaxes the moral-
hazard constraint and allows the planner to save resources.

The planner wants the unemployed worker to search for jobs that are easier to find. As
these jobs entail more effort once employed, the planner must provide the worker with in-
centives to work harder. By imposing an income tax, the planner creates a wedge where the
marginal utility of consumption is higher than the marginal disutility of working. Hence, at
the margin, exerting more effort is not so costly for the employed worker. Imposing such
a wedge is thus optimal even when non-distortionary instruments are available. The next

few sections show that this insight carries on to richer environments.

4 Optimal Unemployment Insurance

The one-period version of our model was useful in highlighting the extra margin for devi-
ation when some aspects of jobs cannot be controlled by the planner. Yet, it abstracts from
an important aspect of real-world unemployment insurance: the time dimension of policy.
This section develops a dynamic version of our model. We start by describing which al-
locations could be implemented if contract offers were observed. That is, we characterize
the benchmark case in which a firm’s posted contract is observable, but the planner cannot
observe whether or not the worker received an offer. Then, we consider the more realis-
tic case in which not all features of a contract offer are observable by the government. In
this section, we also offer the conditions under which the assumptions we made regarding

binding constraints hold as a result of the dynamic setting.

4.1 Observable Contracts

For now, assume that the planner observes the details of contracts that are offered. A job
contract is a pair, (¢, n®), where ¢¢ denotes the consumption for an employed person and

n® the level of effort required from them.

11



The planner cannot force the agent to find a job if

p(c") > () =n (n%).

Hence, the program that the planner solves is

C(W) = p,ceﬁa}fe,w 1% f 3 [ne —cf - /{%} +(1—-1p) [—Cu + BC(W)] ;

subject to the promise-keeping,

P
1-p

and the incentive constraint,

W = L lp(e") = ()] + (1= p) [e(c") + 8] | 5)

p(c®) —n(n°)

—5 29l BW. 6)

We can write the program above as the following Kuhn-Tucker problem,

CW)= max -2 [ne—cE—m%%u—p) {—cu@(J(W)F

pee,cimew 1 — 3
| ) = )]+ (= ) o) + 7] - 7] +

-5
o) — ()
A{ 15

To proceed, we first assess whether the moral hazard and the promise-keeping con-

— () - M

straints bind at the optimum. Lemma below states that whenever agents search for a

job, they are indifferent between doing so and remaining unemployed for another period.

Lemma 4.1 The promise-keeping constraint (5) binds in every period, and ;. > 0. In any
period in which there is positive search, the moral-hazard constraint binds, p(c°)—n (n¢) =
1— 7] [(p(c“) + BW}, and \ > 0.

For every period ¢ in which the moral hazard constraint binds we have

At
1_1%7

Het1 = Mt —

®We can rely on Lemma to write the problem as such. This lemma refers to the case in which contracts
are not observed, but the argument is easily adapted to the case with observed contracts.

12



which implies that unemployment consumption decreases over time,
n—1¢ -1 n—1/ -1
=) (') > (@) (mn) =<t
Moreover, the consumption process is described by an inverse Euler equation,

1 . . —1 . —-17 __ Db 1 - Dt
80/ (Ctu_l) = ¢ = Pt [,ut + )\tpt ] + (1 pt) |::ut + )\tpt } - 4,0, (Cf) + SO, (Cy)

Also, the first-order conditions with respect to ¢® and n imply that, in contrast to our
one-period model with non-observed contracts, the effort is not distorted at the optimum in

the dynamic model with observable contracts. We gather these findings in Proposition

Proposition 4.1 The solution for the planner’s problem when contracts are observable has

the following properties:
1. It entails a zero marginal income tax rate.

2. The unemployment insurance is decreasing over time. Moreover, if the agent searches
in period t, then the unemployment insurance is strictly lower than the one from the

previous period.

3. The consumption process is described by an inverse Euler equation.

To understand |, note that the incentive-compatibility constraint (6) only depends on the
agent’s utility when employed, not on how it is generated. Since the government observes
contracts, it can choose them to minimize the cost of providing this utility. That is, given
any utility level, there is no reason for the government to distort effort, which implies

Second, unemployment insurance should decrease over time to make it more costly
to turn down employment opportunities, which is the content of 2. Finally, similar to
several dynamic moral-hazard models—e.g., Rogerson [1985] —the consumption process

is described by an inverse Euler equation.

4.2 Non-observable Contracts

Section 4.1 adopted the strong assumption that the government observes the contracts cho-
sen by workers and hence the disutility of effort from a particular job. We now consider

optimal policies under non-observable labor contracts. In this setup, the optimal policy
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must be based only on whether or not the agent is employed, on their earnings, and the
length of the unemployment spell.

If the agent is promised a sufficiently high utility, then there is no search in equilibrium
at the solution of the planner’s program; it is cheaper to deliver the promised utility if the
agent remains unemployed forever; we show this in Lemma in the Appendix. This is
an uninteresting case, and we instead focus on the case in which utility is not too high.

To characterize the optimal unemployment insurance program in this case, we rely on
a first-order approach. Lemma shows that the solution for this relaxed problem is the
solution to the original program. Hence, the planner’s problem has a recursive structure

and can be written as follows,

CW)= max Py =)+ (1-p) [~ +5C (W),

subject to a promise-keeping constraint

= (v ) e [eten - pi] ~w o o

and an incentive compatibility constraint

b {gp(&) —n (ye + m%)] — p(c") — W

1-p

Lemma shows that the planner’s problem is differentiable, and hence the optimum
must satisfy a constrained optimization in which we write ¢ and A for the multipliers rel-
ative to the constraints (42) and (43). Both multipliers are strictly positive. If p were
not strictly positive, the planner would be able to save resources by lowering the utility
promised to the agent in both states with no consequences for incentives. \ is strictly
positive because the worker does not internalize the fiscal externality when unemployed.

Combining the first order conditions with respect to ¥ and c®, one obtains

Sy —of (y6+/-cg(p)) S - (y@m@) (M)/w ©)

p )  up+A p p

The optimal allocation now displays a positive wedge at the intensive margin. The

dynamic model inherits the finding from our one-period model. If a firm offers a better job,
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i.e., one requiring less effort for the same earnings, then it will attract more job candidates.
Workers, in turn, will find it harder to land such a job, thus remaining unemployed for a
longer horizon. Conditional on getting one of these jobs a worker would have a higher
willingness to exert effort compared to someone who got one of the jobs offered by firms
along the equilibrium path. To make these deviations less attractive, the planner distorts
effort downwards by taxing earnings at the margin.

Since preferences are separable in consumption and effort, it is always feasible to vary
the unemployment consumption utility in a period and compensate for it by varying the
consumption utility in all states of nature in subsequent periods. Such a strategy changes
neither incentives nor expected utility. Thus, these perturbations cannot save resources at
the optimum. Because the marginal cost of delivering utility is 1/¢’, the inverse Euler
equation ensues.

These findings are summarized in Theorem 4.1, which is proved in the Appendix.
Theorem 4.1 At the optimum, in every period in which the worker searches,
1. the marginal income tax rate is always positive;

2. the moral-hazard constraint (43) binds, and the government benefits from strictly

increasing p, and;

3. conditional on not finding a job at period t, the worker’s marginal utility of consump-

tion satisfies the inverse Euler equation,

¢ (10%‘) - {m} '

The planner can avoid distorting the effort margin. Taxes may be based on employment,
independently of earnings. Moreover, the utility conditional on finding a job depends on
o(c®) — n(n°), regardless of whether ¢¢ and n¢ are efficiently chosen. What is then the
rationale for distorting the intensive margin prescribed in Theorem 4.1? It is the same as in
the static setting. Consider a worker deciding whether to apply for a job in a sub-market that
is slightly less tight than what the planner has prescribed p < p. The planner controls y© and
c®, but not the amount of effort the agent must make to earn y°. Upon landing a job in a less
tight market, the worker is required to supply effort, n = y°+ko(p)/p < y*+ro(p)/p =n
while receiving the same c®. This worker, therefore, has a lower marginal disutility of
effort than agents who followed the optimal policy. To make this downward deviation

less valuable, which is the relevant deviation according to I, the planner distorts effort
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downward by introducing a positive wedge. A little less surprising is the fact that, as in
Rogerson [1985], Atkeson and Lucas [1995], the Inverse Euler equation characterizes the
dynamics of consumption for the unemployed.

When is search optimal? Theorem describes the efficient allocation in periods in
which there is search. But when is it optimal to search?

Proposition 4.2 The unemployment benefit is decreasing over time with ¢ > c{', | when-
ever the worker searches in period t + 1.
Moreover, whenever the worker searches in period t + 1, their consumption from em-

ployment is strictly greater than the unemployment benefit from any period T > t.

When the promised utility is very high, the optimal contract provides constant benefits
and asks the worker never to search for a job. On the other hand, job search must be
incentivized when the government promises a sufficiently low utility to the worker. These
two possibilities render the government’s cost of providing utility ¥ to the worker not
convex in W, in general. As a consequence, we cannot rule out the possibility that the
worker does not search for a job in the first period of the optimal contract.

To better understand when it is optimal to search in every period, define = (W) by
z(W) = argmin, z s.t. maxy [p (y°+ 2) —n(y°+ ¢)] > W, where, as we recall,
¢ = limy, 0 o(p)/p > 0. Intuitively, z (W) is the minimum amount of resources that would
cost the government to motivate the worker to search for employment if their unemploy-
ment continuation utility were W, assuming that the labor market was competitive. To see
this, we use the fact that o(p)/p is increasing in p. Hence, to find a job with probability p
the worker would have to pay o(p)/p > ¢ to the firm upon landing a job. Let also ¢* (V)
by ¢ (c¢* (W)) = W, the cost of providing utility W for a worker who never searches for a
job.

We show in Lemma , in the Appendix, that there is a level of utility, W*, above
which z (W) > ¢* (W) and below which z (W) < ¢* (W). Lemma 4.2 below shows that,
if the initial unemployment insurance provides less utility than 1/*, then the worker must

search for a job in every period.
Lemma 4.2 Assume that ¢ (c) < W*. Then, p; > 0 in every period, t.

When the initial utility, W), is smaller than 1/*, the initial contract must induce search
in some period. Moreover, whenever the worker searches in some period the unemployment
benefits eventually fall so that ¢ (c¢}') < W* for some period ¢. Hence, the worker searches

in every period, 7 > ¢, which is the content of Lemma 4.3, below.

16



Lemma 4.3 The following conditions hold in any optimal contract:

a) Assume that Wy < W*. Then, there is t > 0 such that ¢ (¢') < W*. Hence, the
worker who is unemployed in any period T > t searches for a job.

b) Assume that the worker searches for a job in some period t. Then there is T' > t such

that the unemployed worker searches in any period ™ > T.

In this case, according to Proposition 4.2, ¢ > ¢}, for all ¢. Therefore, the unemploy-
ment benefit converges to a non-negative number. Proposition shows that this number
is 0.

Proposition 4.3 Assume that W, < W*, then unemployment benefits converge to zero.

We have focused thus far on the case of separable preferences between consumption and
effort. This has been the most frequently studied case in the literature. In Appendix C, we
study non-separability for the case of GHH-CARA utility U (¢, n) = — exp { —a[c — n(n)] }.
These preferences will be the focus of our analysis when we assume that savings cannot be
controlled by the planner. The results of this section carry over to the GHH-CARA case. In
particular, the optimal policy for this case also prescribes a positive wedge between effort

and consumption.

4.3 Quantitative Analysis

In this subsection, we analyze quantitatively the impact of implementing the optimal un-
employment insurance (UI) contract derived above. We use the United States as our bench-
mark. Our initial step involves the calibration of model parameters based on the prevailing
policy framework. To do this, we first write the problem of the agent under such a policy.
An unemployed worker is entitled to Ul for a fixed duration of 7" periods, with a constant
benefit payout of b. After 7', if the individual remains unemployed, they receive a guaran-
teed minimum consumption floor of f. The worker chooses in which market to search; that
is, they choose the job-finding rate p. Plus, they choose their preferred consumption and

savings bundle, (¢, a’).

"The constant absolute risk aversion (CARA) case is the only one for which Shimer and Werning [2007]
have theoretical results for the non-observable savings scenario. They offer numerical explorations for the
constant relative risk aversion (CRRA) case. Because we are also interested in understanding choices at the
intensive margin, we suppress income effects at this margin through the assumption of quasi-linearity, as in
Greenwood et al. [1988].
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Denote by V, (¢, a) the value function for an unemployed worker that still has ¢ periods
of UI and owns assets a. If the worker is still eligible for UI (i.e., ¢ > 0), their value
function reads:

Vi(t,a) = ;{g;p%(a,p) + (1 =p)lp(c) + BVu(t —1,d')]

st.c+d =(1+r)a+b,

where V,(a, p) denotes the value of being employed in a type-p job with asset level a. The
continuation value V,, (¢ — 1, a’) reflects the fact that the worker will have one fewer period
of UI next period if they do not find a job in the current period.

The value function for an unemployed worker without UI (i.e., after 7" periods of un-
employment) reads:

Vu(0,a) = g}g;,cpve(a,p) + (1 —=p) [p(c) + BVL(0, a)]

st.c+a =(1+r)a+f.

The value function for an employed worker is given by:

Ve(a, p) = max(c) — 1 (y(p) + H%) + BVe(d',p)

st.c+d =(1+7r)a+y(p),

where the income y(p) is determined by:

i (w9 + 1 2) = 0

We must now set functional forms and parameter values to perform counterfactuals. We
assume the utility function for consumption is logarithmic: ¢(c) = log c. The disutility for
effort is given by: n(n) = n;n™. Moreover, the labor market tightness is determined by the
function: o(p) = 1/(1/p — 1). Each model period corresponds to one week. Accordingly,
we set the discount factor 3 = 0.96'/52, a standard value. We set the UI in the benchmark,
b, to 40% of the average income, the same ratio as in Shimer [2005]. We assume this benefit
lasts for T' = 26 weeks, as it does in the United States. Additionally, the consumption floor
is fixed at 10% of the average income.

Three parameters are chosen internally so that the benchmark model matches certain
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data targets: the parameters that control the disutility of effort, 7; and 72, and the vacancy
posting cost x. These parameters are jointly chosen to match three data targets. The first is
the mass of unemployed workers who find a job before the Ul expires: 86.8% according to
Shimer [2008]. The second data target is the wage markdown; that is, how much lower is
the wage relative to the worker’s productivity. Berger et al. [2022] report an average wage
markdown between 11% and 22%. We target the intermediate value of 16.5%. Finally,
we match the relative search effort spent by an unemployed worker at week 26 of unem-
ployment (right before losing the UI benefit) versus week 1. We target 50%, the number
reported by Marinescu and Skandalis [2020]. Table | reports the parameter values and the
model fit.

Table 1: Calibrated Parameters and Model Fit

Parameters
K m 712
0.1352 0.200 5
Moments
Markdown % Reemployed Rel. search effort
Model 0.165 0.867 1.549
Data 0.165 0.868 1.500

The fit of the model is quite good, as reported in Table . From this benchmark, we take
the value function of a worker that still has all of their UI payments to receive and owns the
average level of assets as in the data: V,,(26,a).” We set this value as the baseline utility
that the planner will promise the worker in the optimal unemployment insurance contracts:
Wy. We solve for these optimal contracts under two scenarios: one in which the contracts
are observable (the contract characterized in Section 4.1) and another in which they are not
(Section 4.2).

Under observable contracts, the planner can provide the corresponding contract more
cheaply, though the promised utility is the same. Quantitatively, with non-observable con-
tracts, the cost of the program is 10.5% higher, a substantial increase.

Figure 2 reports the comparison of different outcomes under observable versus non-
observable contracts. UI declines with the duration of unemployment in both cases. How-
ever, the decline is steeper under non-observability (Panel a). This reflects a decreasing

promised utility for an unemployed worker throughout the unemployment spell (Panel b).

8The level for a is calibrated by targeting the level of liquid assets for the median individual in the United
States as reported in Kaplan and Violante [2014]. We take their number and divide it by real GDP per worker
(USARGDREPE from the St. Louis FRED database). The corresponding ratio is 1.59.
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Figure 2: Outcomes under the Optimal UI Contract, Observable versus Non-observable
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Notes: The outcomes for an unemployed worker are reported for each week ¢ during the unemployment

spell. The outcomes for an employed worker are those for an individual who found a job at exactly week ¢.
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Welfare upon employment also goes down with the duration of unemployment, as the plan-
ner wants to incentivize the agent to search harder earlier on. The planner achieves this by
increasing taxes with the duration of the unemployment spell, as we will see momentar-
ily. In the observable contract case, due to a binding incentive compatibility constraint, the
welfare of the unemployed and the employed coincide (so that only one line is displayed in
the figure for the observable case).

Lower unemployment insurance and welfare over time incentivize the worker to search
harder for a job (Panel c). Therefore, with non-observable contracts, the search effort the
worker engages in increases faster over time. This higher search effort (higher probability
of finding a job) materializes because the individual is searching for jobs in which they
have to work harder and produce more (Panel d). Consequently, the worker is compensated
for this higher effort, and their income as an employed worker is higher when they find a
job later (Panel e). This happens because search effort increases with time and the worker
is compensated for this. However, the consumption of the employed worker is lower for
those who find a job later (Panel f), implying the tax increases with the duration of unem-
ployment. As seen in the previous sections, the planner finds it optimal to increase taxes
over the duration of unemployment to incentivize search. Again, under non-observable
contracts, the variation throughout unemployment is steeper.

With non-observable contracts, the tax collected by the planner increases with the un-
employment spell. This transpires by putting together Panels (e) and (f) in Figure 2. In
the previous section, we proved that, in this non-observable case, the planner imposes a
distortionary tax rate to incentivize the effort supplied by the worker. We can compute
such a tax rate in our numerical exercise: 0.03%. So, though the planner does distort the
intensive margin of the worker, it does so with a somewhat low tax rate. This low level of
the distortionary tax materializes because, in our model, once employed, the worker never
loses their job. Hence, the planner must take into account that, by imposing this distortion,
the worker will face it forever. Were the worker at risk of losing their job and searching
again, this tax rate would have been higher. This distortionary tax rate also increases with
the duration of the unemployment spell.

In sum, the non-observability of the employment contract has an important quantitative
effect on the optimal UI contract offered by the planner. With non-observable contracts,
the planner decreases Ul faster and increases taxation upon employment faster with the
duration of unemployment (including adding a distortionary component to the tax). These
changes all add up to a considerably more expensive Ul program.
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5 Hidden Savings

In Section 4, we have followed most of the literature [e.g., Hopenhayn and Nicolini, 1997]
in assuming that the planner controls the worker’s savings. This allowed us to define a
one-to-one mapping from unemployment benefits to consumption when unemployed, ¢,
and from after-tax earnings, y® — 7', to consumption when employed, c¢. What happens
if this is not the case? If the government does not control savings, do our results remain
valid?

To study the optimal design of an unemployment insurance program for the case where
the government does not observe agents’ savings, we assume that agents have access to
perfect capital markets with an interest rate 7 = 3~ — 1. Because consumption and earn-
ings need not coincide due to the possibility of borrowing and saving, a crucial distinction
between the optimal consumption path and the optimal transfer path arises, as highlighted
by Shimer and Werning [2007] in the context of unemployment insurance. We follow their
lead in restricting our analysis to the case of preferences that do not exhibit income effects;
i.e., we assume that preferences are of the GHH-CARA form.

The planner’s program is to minimize the expected cost of delivering utility W, for the
unemployed agent subject to providing incentives for them to follow the optimal search
Strategy.

Assume that the worker starts with assets, Ay. In a deterministic mechanism, the gov-
ernment adds liquidity, ag — Ag, at time ¢t = 0 and transfers, b;, to the unemployed in period
t > 0. If a job is found at period ¢ the government demands the amount of work y; and
makes a net transfer 7 (which may be negative) in every subsequent period.

Recall that p — (o(p)/p) is strictly increasing and strictly convex. We make the follow-
ing additional assumption, which guarantees that it can be optimal for the agent to search
for a job.

Assumption H1: There exists y and p > 0 such that

y>n<y+%%).

Intuitively, if HI were violated, the benefit of exerting more effort would never com-

9As we know from Allen [1985], Cole and Kocherlakota [2001], hidden savings represent an important
constraint for designing optimal policies.

190Once the worker finds a job, there is no further need to provide incentives and utility provision is opti-
mally accomplished by a time-invariant allocation. Hence, the time index in y{ and T} refers to the period ¢
in which the job is found.
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pensate for its disutility. Optimal programs would thus entail no vacancy creation.

A policy is a tuple, (ao, {yf, T, b },,), Where ag is the agent’s initial asset holdings,
yy 1s the amount of effort demanded in every future period if a job is found at period ¢, T
are the taxes to be paid in every future period if a job is found at ¢, and b, is the value of
unemployment insurance at period ¢.

The consumption sequence {c}’, ¢§ },, is feasible under the policy (aq, {vf, T¢, bt }ooy)
if lim ¢} = lim S%c{ = 0 and there exists {a; },-, with lim 5a; = 0 such that

a1 =B (a — ¢} + by),

and
i =0=08)a+y; =Ty,

Without loss of generality, we restrict our attention to policies that generate feasible con-
sumption sequences.

Next, we define a simple policy, which will play an important role in all that follows.

Definition 5.1 A simple policy is a triple (ag, y, T¢) in which the earnings, y;, of an em-
ployed agent, are constant, y; = y° for all t, and the transfers, T, that the agent makes to

the government once employed are also constant, Tf = T°.

Lemma below explains how an agent optimally responds to a simple policy. We
then show in Theorem that the constrained efficient allocation can be implemented by
a simple contract which we fully characterize in Section

When facing a simple policy, the worker’s problem can be written in a recursive form:

Wila,) = max { — exXp {—Oé (Gt - ﬁfl(ltﬂ)}

at+1€R, pe(0,1]

+ B{pWiL (a1, p) + (1= p)Wips (aeg1) } }7 (10)

subject to

1-p

For short, we write W, = Wi(a;), W = WE (a1, pe), and W = Wiy (ai41), at
the optimal (a1, p;).

Wi o) = =g esp{ o [ =74 (57 = owa = (4 -2 ) |

Let ¢, be the consumption at 7 for an agent who found a job in period ¢ < 7. For all
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T > t, ¢/, = ¢;. Hence, we omit the current period subscript, 7, and write ¢; to denote the

time-invariant consumption of an agent who found a job in period ¢.

Lemma 5.1 Assume that the planner offers a simple contract, (ag, y¢, T¢), to the agent. In

this case, the agent chooses,

1. a stationary p;

2. ¢y —cf=—Acand c} | —c} = —A,, for a constant, A. > 0;
3. .
Wy al
L= {1 +ap(l —p)rn (y + K—Q(p)> <—Q<p>> } = ke <1,
Wi p p
and
wy ap®sn (y° + ro(p)/p) (o(p)/p)’ _ .
=(1+ 5 - | =k > 1,
W, 1+ a?p*(1 = p)rn’ (y° + Ko(p)/p) (o(p)/p)
4. »)
P e o\p
——————exXpl —Q |[c.— 1N y—i—m—)}}:l—l—p k-
(1=B)W; { { < p ( )
According to Lemma 5.1, when facing a simple contract, the agent chooses a constant

p, and, for every additional period in unemployment, they reduce both consumption while
unemployed, ¢}, and planned consumption after finding a job, c{, by the same amount A...
Consumption is kept constant after the agent finds a job. As a result, the ratios W /W; and
W} /W, remain constant at k. and k,,, respectively.

Theorem 5.2 There exists a simple policy that implements the optimal allocation.

The optimal unemployment contract implements an allocation characterized by a con-
stant search, p, and a constant work effort, n® = y° + kp(p)/p after a job is found. To
provide incentives for agents to keep searching, one must guarantee that ¢; > ¢} in every
period t. However, spreading consumption across the two states, unemployment and em-
ployment, within a single period is a costly way of delivering promised utility. To reduce

this cost, incentives are back-loaded. The promised utility is reduced every time an agent

Because W € (—00, 0), expected utility decreases with the unemployment spell (k,, > 1) and increases
once a job is found (k. < 1).
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fails to find a job, as stated in 3. For GHH-CARA preferences, a lower utility promise with
the same p and y° can be made incentive-compatible by an equal reduction in ¢® and ",
which we show to be optimal in the proof of Theorem

Next, we explain the rationale for how the optimal allocation can be implemented with
a simple contract in which the agent is given assets a( and is promised a labor contract
(y©, c°) if they manage to find a job. Agents’ (dis)savings choices guarantee that ¢§ and ¢}’
will follow the path prescribed in Theorem

Under Assumption H1 and with GHH-CARA preferences, changes in asset positions
have no impact on agents’ search choices. However, they imply an adjustment in consump-
tion during the unemployment spell and after a job is found, which leads to a simple scaling
of expected utility. Given this simple response to asset position, a Ricardian-equivalence re-
sult materializes. Alternative paths are fully characterized by the time in which the worker
finds a job and the worker’s decision only depends on the present value of transfers asso-
ciated with each path. By performing simple changes in the timing of payments, simple

insurance schemes are optimal.

5.1 The Optimal Policy

Now that we have established that the optimal contract is stationary and of the form (ay, c°, y©),
we rely on this simple structure to provide its complete characterization.
We can restrict the search for the optimal contract to that of finding a triple (ao, ¢, y°)

that solves the problem

max { Py, <) yeoc ao}
(aocty) |1 — B(1—p(ye,c0)) 1— 3 ’

subject to
U (yea Ce) CL()) 2 UOv

where U (y¢, ¢, ap) is the value of the worker’s program (10) under the simple policy,
(y¢, c°, ap). The incentive constraint is summarized by the dependence of p on 3 and ¢*.

The promise-keeping constraint can equivalently be written as
U (5, ) exp{—a (1 - B) ao} = Uy,

where we use the simplified form U (y¢, ¢¢) for U (y°, c°, 0).

If the constraint is binding, we can eliminate a, from the maximization program and
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write the planner’s objective as

B S 2 O W (4720
() |1 =B =pyce) 1 =5 ol =p)

The first-order condition with respect to ¢ is

_ p(y*,c) 10U (y" ) [oc
1_B<1_p<ye’ce)) Oé(l _5) U(Z/e’ce)

il 50
and, with respect to y° is
p () 1 oU(y, ) /Oy
1= =pye))  al=F) Uy, c)
o [1—<1p—p)ﬂ} Ty =0 0

Consider the optimality conditions above. The first term regards the direct fiscal cost
of an increase in y°. The second term is the impact on the worker’s utility. Both are purely
mechanical impacts. The third term summarizes the indirect, behavioral fiscal effects that
are present because p is not observable.

As we show, dp/0c® > 0 and Op/Jy® < 0. The worker’s best response to a higher
disposable income is to increase the job-finding probability and decrease it in response to
a higher gross income. By comparing the absolute value of these two, we can identify the
marginal impact on p of slightly increasing both by the same amount and relate it to the

labor wedge:

QUG &)/0" _ 1o o _oU(y.) ﬁ{ p ] lap N ap}
oU (ye,c?)/Oce OU(ye,c¢)/0ceOp |1 — (1 —p)B] |dye  dee]

1+

The fiscal effect also depends on the sign of y® — c®; whether the behavioral response

translates into a positive or a negative fiscal effect.

Theorem 5.3 The efficient allocation is characterized by:

1. y© — c° is strictly positive;
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2. The labor wedge,
oU (y¢, c®) /Oy
U (ye, ce)/dce’

14
is strictly positive;

3. As the agent fails to find a job by period t, both W} and W * diverge to minus infinity.

According to |, y¢ — ¢® > 0. Hence, the worker pays net taxes after finding a job. An
increase in y° raises the job-finding probability, while an increase in ¢ reduces it. That
is, a worker who provides lower effort responds better to incentives, being more prone to
increasing their job-finding rate due to an increase in consumption when employed. As a
result, we obtain 2: as in the model with non-hidden savings, the moral hazard problem
implies that effort should be discouraged at the margin.

The moral hazard problem does not arise because of positive taxes, y° — c¢® > 0. The
planner can make taxes dependent only on whether the agent is employed regardless of
how much they earn, thus avoiding the distortions at the work effort margin. The fiscal
externality is important because it makes it desirable for the planner to induce agents to
search harder. It is optimal for the government to distort the effort margin because a positive
effort wedge increases the cost of downward deviation of the search margin.

Finally, turn to the last point of the theorem. The worker always expects to find a job
with a constant probability in every period. Because of that, they dis-save. Hence, their
unemployment consumption decreases along the duration of the unemployment spell. The
longer they stay unemployed, the less resources they will have for consumption. Conse-
quently, the lower their expected utility upon landing a job, W* (and their expected utility,
W, since W < W¢* for every t.) The absence of income effects in GHH-CARA prefer-
ences implies that their consumption diverges to minus infinity as the unemployment spell

becomes arbitrarily long, a phenomenon referred to as “immiseration.”

6 Conclusion

This paper has developed a dynamic model with directed search to analyze the optimal
design of unemployment insurance when accounting for non-pecuniary characteristics of
job quality. By allowing firms to adjust these non-wage job characteristics, our frame-
work captures important dimensions that prior research has overlooked. We characterize

the planning optimum and find that, even without distributive motives, a wedge arises at
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the margin under the non-observability of employment contracts. This distortion occurs
because unobserved high-quality jobs are effectively subsidized by the unemployment in-
surance program. Introducing a marginal tax on earnings discourages such jobs, render-
ing them less attractive despite providing higher non-wage quality. This distortionary tax
emerges whether or not the agent can hide their savings from the planner.

We calibrate our model to the U.S. economy. When employment contracts are un-
observable to policymakers, several consequences arise: unemployment benefits decline
more rapidly, taxes upon re-employment increase more steeply with unemployment dura-
tion, and distortionary tax policies become necessary. Collectively, these adjustments result
in an unemployment insurance program that, when compared to a scenario where contracts
are fully observable, is 10.5% costlier while providing the same level of welfare.

Our findings highlight the need for effective monitoring of the non-wage dimensions
of jobs to validate benefit eligibility and deter job seekers from solely pursuing highly de-
sirable yet improbable positions. Implementing robust oversight policies can help mitigate
moral hazard and facilitate a more efficient unemployment insurance system aligned with

the realities of today’s complex labor market.
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A Data Appendix

This appendix provides the full results for the regressions that yield the coefficients from
Figure | in Section 2. See Tables 2 and 3. These regressions use U.S. data from the
March Supplement of the Current Populations Surveys (CPS) between 2009 and 2022.
The controls used in some of the regressions are age, gender and education.

Table 2: Linear Probability Model, Probability of Being Unemployed One Year Later

(1) (2)
Unemployed Unemployed
insurance  0.0820*** 0.0691***
(0.00995) (0.0101)
Controls No Yes
N 11804 11804

Standard errors in parentheses
*p < 0.05, " p <0.01, " p < 0.001
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Table 3: Linear Probability Model, Probability of Having a Job with some Characteristics
One Year Later

(D (2) (3) 4)
Unionized Unionized Health Health
insurance 0.0167***  0.0148**  0.0310  0.0149
(0.00431) (0.00439) (0.0366) (0.0373)
Controls No Yes No Yes
N 7422 7422 670 670

Standard errors in parentheses
*p <0.05, " p <0.01, ** p < 0.001

B Theoretical Appendix

B.1 Proofs of Section

Proof of Lemma 4.1. First, we show that the constraint (5) binds. The first order condition

with respect to c* reads
l—p
p(l—p)—A

If 4 < 0then A < 0 and thus p > 0 and then using the first order condition w.r.t. c¢® we

o'(c") = > 0.

obtain

a contradiction.
Next, towards a contradiction, assume that, without loss of generality, the constraint (6)

does not bind at t = 0, ¢'(c¥) = ¢/ (c) = pg* = 1’ (no) . In this case,

p(cg) —n(no) < @(cp). (13)

The moral hazard constraint must bind for some ¢ > 0, otherwise, ¢(ct) = yg", for
every t. This means that getting a job in period zero is worse than being unemployed
forever.

Assume that the first period in which the constraint binds is ¢ = 1 (the other case is

analogous). We have p; = 9, Ay > 0 and, hence,

e Y4

() = ——— =1"(n1).
©'(c) T n (n1)
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Therefore,
p(c) —n(no) < @(cf) —n(n1) (14)

Hence, using (13) and (14) we obtain

©(c§) —n(no) o(cf) —n ()
1- 8 1—-5

which, using the fact that the moral hazard constraint was binding in the second period,

< (cg) +

implies that the worker strictly prefers being unemployed to getting a job at zero, a contra-
diction. m

B.2 Proofs of Section

Lemma B.1 Both mappings, z () and c¢* (-), are strictly increasing, twice differentiable,
and strictly convex. Moreover, there exists W* such that z (W*) = ¢* (W*), z(W) >
(W), forall W > W*, and z (W) < (W), for all W < W*.

Proof of Lemma B.1. Let y° (W) be given by
argmax [p (y° + 2 (W)) —n (y° + )],
ye

and note that if ¢’ (2 (W)) — 1’ (¢) < 0, then y© (W) = 0. Otherwise, y° (W) is given by
¢y +2(W)) =0 (¥ +¢) = 0.
Hence, because z (W) + y© (W) > ¢* (W), we have

! . 1 1 o cu/
W= e e T ey - © W

This implies that if z (-) and ¢* (-) cross at most once, and z (W) > ¢* (W) (resp. z (W) <

c* (W)) for every utility greater (resp. lower) than this utility level.

Since z (W) — oo as W — oo, we have y¢ (W) = 0 for W large enough, which
implies z (W) > ¢* (W). The existence of a small W such that z (W) < ¢* (W) holds by
assumption. Therefore, W* exists by continuity.

It remains to show that both mappings are strictly convex. Since ¢® (W) := z (W) +
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y¢ (W) is strictly increasing with positive derivative, we have

S _ _30” (Ce <W>> !
(W) (,0/ (Ce (W))2 <W> > 07
and "o
(W) = Mdﬂ (W) > 0.
¢ (c*(W))
|

Lemma B.2 Suppose that, if a worker gets a job, then they must earn c® + T, paying T
to the government, to consume c®, whereas if the worker fails to get a job then they obtain
the continuation utility W. Then this problem admits a unique solution. If the solution is

interior, it is given by the associated first-order conditions.

Proof.

Consider the problem

macp () (¢ 7 w220 ) ]

This problem admits an interior solution if and only if p(c¢) —n (c*+T) > W.

Assume that this is the case and consider p that makes its derivative equal to zero:

d
o(c®)—n (ce +T+ Ii—g(p)) —W —py (ce +7T+ H—Q(p)) K— (—Q(p)> =0
p p /) dp\ p
Differentiate the left-hand side again to obtain

— 21 <Ce+T+/£M>/§d (@) —p (ce+T+n@) oL (@

P dp \ p P dp?

(o) 2 ()]

To show that the expression above is negative, it suffices to show that

& Pl o) > 0o L2 > o
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Lemma B.3 For every W, let C(W) be the planner’s cost of providing utility W. The
mapping C(-) is differentiable at W for every t > 0.

Proof. We prove that C' is differentiable at IV;. For that, we assume that p; > 0 as the other
case is analogous. Consider any small ¢ € R and note that the following perturbation is

feasible:
(@t—h@ta 6;) = (ﬂt—l + e u — Eﬁ_la 80_1 (SO(C;?) + E)) .
One can thus apply the argument in Clausen and Strub to conclude that

C'(Wy) = —c(u,) = o)

Lemma B.4 The multipliers, i and )\, are strictly positive if there is a search.

Proof. First, notice that
(1 =p) = Al@'(c) =1—p
and
pu+A¢%§): p
1-p 1-p5
Hence, 1 = 0 implies ¢'(¢*)¢’(¢¢) < 0, which is absurd.

Hence assume towards a contradiction that Ay < 0. Clearly, there is a last period at
which A\; < 0 and A\;; > 0. Otherwise, as we will verify below, ¢ > ¢} for every ¢, and
hence there is no search. Assume that \; > 0 (case in which \; < 0 for all s < t and
A+ > 0 for some ¢ > 1 can be handled analogously).

From the first-order condition with respect to p, we get

1 1
/ U — < — / e .
ee) p=A1=p)=t 7 p+Ap! ()

Hence, ¢* > c°.
Moreover, notice that from the first order condition we have

Ao

' (W) = —po + m = — 1,
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which implies

p1 = o — > fho-
(1-p)

This and Ay < 0 < A\ imply
1 1

/(e /(e
p(c|) = — < — =@ (c)-
(1) 1 11)\1 0 01/\0 (0)

Hence,
cf > c. (15)

We can rearrange the first order condition with respect to 3 to get

) 50) () 2 2)

Therefore, \y < 0 < Ay imply

Similarly,

e ©\Po _
n (yo‘i‘“ ( )) > g
Do

Since p1q > i, this implies

o(p1) <y8+ﬁg(po)’

b1 DPo

e o(p) e o(po)
77<y1+/f ><77(y0+/<a ,
D1 Po

because 7) is strictly convex.

yi+ K

and
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Since py > 0, by the assumption of the lemma, we have

0 < 125 oleh) = (s w220) |~ fotc) + i)

1-p
_ ﬁ {gp(cg) —n (yS + n%)} — o(cq)

= i ot = (vt w22 | 1= ) oty + )

ﬁ [@(CS) -1 (yS + KQEZO))}

1
1-p5
— () — 1 (ys i fsgg'f)) o)+ p

~ g et = (s w22 - = g e + /m]]

1-p p1
= ﬁ {90(08) -1 (yS + ﬁggio))} — o(cp)
-8 [pll i 5 [90(69 —1 (yf + %Qiil))} + (1= p1) [o(ef) +BW2]] (16)

Since p; > 0, due to Ay > 0, we have

ﬁ [90(05) —1 (yi" + H%)

> p(cy) + Wy

Hence,

p(ch) —n (yS - m%) — () + 5{% [90(08) o (yg N K@(po))}

Po

—p1ﬁ [90(09 -n (yf + Hggyl) } — (1 —p1) [p(c})) + BWY] }

1

< p(ch)—n (yS + ﬁ'giio))—w(cg)% [ﬁ [90(08) -7 (yS + RQ;]JOO)H = l(ef) + BWQ]]

Since the first line from the last term is negative, the entire term is less than

B {ﬁ {90(68) =1 (yS + H%)} — [iolef) + ﬁWz]} ,
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which is less than

s et = n (0 + w22 oty + i)

since the term is positive.

Since p(c§) < (c§), and

e . 0(po) e, o(p1)
77(90“"€ >>77(y1+"~'— ;
Po P1

ﬁ {go(cf) —n <yf + nggil))} — [o(ct) + W]

this is less than

Hence, using the first-order conditions with respect to p, the algebra just performed

means that

P, . o) o(p1) po , . opo) o(po)
2 ()< (50) > 2 () s (5) - o

Since

o(p1) <y8+/€g(p0),

1 Po

Y+ K

If y¢ > y§, we will have p; < py which together contradict (17). We conclude that y7 < 5.
Finally, notice that A\; > 0 and the first order condition with respect to p and the fact

that p is a local maximum imply

e __ e
yf_ﬁo < i+ BC (W) (18)
Analogously, in period 1, using A\g < 0, the first order condition with respect to p
implies
UGS g 5O ().
1-5
But notice that
e __ Ce e Ce
C (W) =p =5+ (L= p) [ + 5O (W) < F— (19)
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Hence, using (1%), we have

B (ys — ¢5)
1-p

i < PO (W) = B3 & 4 (5 — ) < BC (W)

Since ¢ > ¢ and y5 > 0 we have

os&{c(Wn—yf:?]-

Using (19), the last term is less than

€

5{3/1@—01_@/8—68] :5[yf—y8+68—0‘f]_

1-5  1-p 1-p  1-p
Hence, using (17) and y§ < y§, we see that (y§ — y§) + (¢§ — ¢f) < 0, a contradiction. m
Proof of Lemma 4.1. Follows from Lemma . n
Proof of Theorem 4.1. 1) The facts that the moral-hazard constraint (43) binds and the

government benefits from strictly increasing p follow immediately from Lemma
1) We have

N
() TR

i (y " K%) - upi A uppi )\77" (y " K%) " (ﬁ)/

UG Ui@)/p) oy (ye . Ff’g’)) § (g(p))’ -

iii) Using the first-order conditions, we have

Hence,

= fi—1 + Py N1 = 1 — AL —p) 7 = e,

¢’ (C?— 1 )

and

L 1_ft = (pepe + M) + (e(1 = pe) = Ae) = pu,
(ot) * (o)

38



Hence,

1 _ Yz i I —p
¢'(cy) o) @)
[ ]
Proof of Proposition 4.2. Notice that
AN\ At
(oY = — d - - .
¢'(c}) (Mt 1— pt> , and gy = g —<1 — )
Hence,
u u 1 1 1 1
@I(Ctﬂ) - ‘P/<Ct) = Ner1 N N1 = 0,
Hi+l = 15 Ht — 1=, Her1 — T—pesa M1

with strict inequality whenever the worker searches in ¢ + 1 and hence 1:0—?“ > 0.

Finally, for the last claim assume that the worker actively searches in period ¢ + 1, use

Pt+1 I —pi1 _ 1
@cfy)  @lety) (el

and ¢, > ¢} to conclude that cf _; > c’ forevery 7 > t. m

Proof of Lemma 4.2. First, we claim that unemployment insurance benefits are weakly
decreasing over time. Consider two subsequent periods s and s + 1. First note that, if there
is no search at period s + 1, then the concavity of ¢ implies that ¢ (cg +1) = ¢ (). On the
other hand, if there is search at period s + 1 the result follows from Lemma

Therefore, since unemployment benefits are weakly decreasing, it suffices to show that,
if there is no search in period ¢, then the planner could profitably deviate by offering a
contract in which the worker also searches at ¢. The (normalized) utility (1 — 3) W, can be

written as a convex combination of the terms:

1.

Q(pm)) 7

¢ (i) = (y§+k +
Pt+k

which are obtained if the worker finds a job at period ¢ + k, and;
2. p (c}f M k) , which are obtained if the worker does not get a job by period ¢ + k.

Since ¢}, < cf, this implies that ¢ (cf', ) < W*. Hence, the cost of delivering ¢ (c}, ) is
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less than Z (cp (c;ﬁrk)) by Lemma B.1. The cost of providing utility,

Q@HQ)’

Pt+k

w(éld-—n(yak+

Z(@@&O-n(%w+gwww>)-

Pt+k

is less than

Since the function Z is strictly convex, by Jensen’s inequality and a continuity argument,
there exists £ > 0 such that, if the planner offers the contract in which payments y© (W; + ¢)
are required from and consumption ¢ (W, + ¢) is provided to the worker, they will search
for a job with a positive probability, will obtain a utility W > T, from this search, and the
government will incur a strictly lower cost.

This strategy makes both the worker as well as the planner better off at period ¢, but
may decrease the worker’s incentives at period ¢ — 1. To avoid that, the planner decreases
the worker’s unemployment consumption at period ¢ — 1 up to the point at which the worker
is indifferent at period ¢ — 1. This further improves the planner’s utility at ¢ — 1 by showing

a strictly more profitable contract. m

Proof of Lemma 4.3. a) Assume towards a contradiction that ¢ (c}') > W* for every t.
Therefore, the worker can guarantee a utility at least as large as WW* at every period. Then,

w?z@@ﬂ—n(%+%mmv,

Dt

if we let

incentive-compatibility implies that w’ > W* for every ¢ for which there is a positive
search, in which case C* (w!) < Z¢ (w!). Thus since Wy(1 — 3) is a convex combination
of {¢o (cf),w§, v (c}),ws, .., } and C*(-) is strictly convex, by applying Jensen’s inequality,
we conclude that the government’s cost is strictly less than

C"(Wo(1 = 5))
1-8

which can be achieved by offering constant unemployment insurance equal to C*(W(1 —
()) and never having the worker search for a job, a contradiction.
Next, since ¢} is decreasing, a) implies that there exists ¢ such that ¢ (¢}') < W*. Then

apply Lemma 4.2. m
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Proof of Proposition 4.3. Notice that unemployment insurance is decreasing. Moreover,
since Wy < W* there is a period ' such that it is strictly decreasing from 7" on. Suppose
towards a contradiction that it converges to c, > 0. If it does not converge to zero, since
'(c)) = ﬁ, we conclude that i, — (¢/(¢%))™" . Therefore, : f;t — 0. We claim that
p¢ — 0. Suppose towards a contradiction that there is a subsequence p,, — p > 0 and

notice that, since ¢/(c{) = (u + p; 'A:)~', we have along the subsequence ¢'(cf ) —
¢'(cs,), implying ¢f — ci . By incentive compatibility,

. (y; N ﬁQ(ptr)) N

P,

which is not possible: a contradiction.

But then by a continuity argument, for every ¢ > 0, there exists a period ¢* such that
t > t* implies that the government’s utility is € away from —c% /(1— ), while the worker’s
utility is € away from p(c%)/(1 — 3).

Since ¢(c) < W™, there exists ¢ > 0 such that Z (o(c%) +¢) < c%. Hence, if
the government deviates toward a stationary employment contract in which it demands
y© (p(c%) + ) (see notation of Lemma B.1) and provides consumption ¢ (¢(c%) +¢) +
Z ((c%) + ), then the worker searches for a job with probability bounded away from
zero (for ¢ sufficiently large). Moreover, for ¢ sufficiently large, this deviation makes both

the worker and the government better off, a contradiction. m

B.3 Hidden Savings

Lemma B.5 Consider any deterministic mechanism. Assume that the agent starts with
income ay. Let (¢}, p;) be the optimal choices of the agent at period t. The agent who
starts with income ao chooses (¢ + (ap — ao) (1 — ), pt) in every period t and obtains
exp{—a (1 — B) (ag — ag) } W, where W, is the utility obtained at t by the agent who starts

the game with assets a.

Proof. The proof will be based on the principle of optimality. We will guess and ver-
ify that if W, is the agent’s continuation utility when period ¢ is started with income a;,
then W, exp {—a (1 — 3) (a? — a})} is the continuation utility when the agent starts period

t with a?. Take any optimal strategy {(c* (a;),p- (a;))} -, when period ¢ starts with in-

T>t
come a; € {a;,a?} and let W} be its value. Notice that the worker who starts with assets a?

can follow strategy {(c? (a;) + (a; — a7) (1 — B),ps (a;))},,. Hence, by revealed prefer-
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ence, W}! > exp{—a(1—8)(a? — a;)} W2 Similarly, W? > exp{—a (1 —3) (a} —a?)} W},
and thus W}! = exp{—a (1 — ) (a? — a})} W7.

Finally, let W, be the value from following the optimal strategy when the initial as-
set is ap and observe that strategy (¢} + (ag — ao) (1 — ), p:) is feasible and it leads to
Woexp{—a (1l — ) (ap — ao)}. Hence this strategy is optimal. m

We start with a lemma that establishes a Ricardian equivalence result for this set-
ting. Take a feasible sequence {c},c{,p;},—, under the policy (ao, {yf, T, bi},—y). Let
{Wi, W¢t2, the sequence of indirect utilities when employed and unemployed respec-
tively, which is generated by {c}', ¢{, p: },-,- Moreover, let W;* be the utility from failing to
find a job at period ¢.

Lemma B.6 The sequence {c}', c{,pi},-, is optimal if and only if:

)
1
P = Argmax —py— g exp {—04 [CE - (yf + K (%))} } —(1=p) Wit (20)
ii)
exp{—ac} = — (1 - ) Wi 2D
Proof. In light of Lemma B.5, {c{, ¢f, p: } ;> is optimal at period 7" if and only if

{ci + (1= B)(ar —ar),ci + (1 = B) (ar — ar), pi}ior

when period 7' starts with assets ap. This allows us to apply the one-shot deviation princi-
ple. In our context, this asserts that {c}', c{, p: },—, is optimal if and only if the optimality
conditions w.r.t. p; and c¢;' hold, which are given by (20) and (21). m

The following Lemma states a Ricardian equivalence result for our environment:

Lemma B.7 Assume that the sequence {c}',c{,p, },-, is feasible under the policies

(a0, i T2 0Y2y ) and (a0, {5 T} )

t=0

The sequence, {c}',c;,pi},oy is optimal under <a0, {ys, T¢, bt}fi0> if and only if it is
optimal under (do, {g;, Tf, ZN)t} ) .
t=0

Proof. This result follows immediately from Lemma B.6. m
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Lemma B.8 Let (¢}, cf, vy, pt)2, solve the government’s problem when the agent starts
with utility Wy. Then, (¢} + A, c§ + A, yg, pr )2, solves the government’s problem when the
agent starts with a utility W = e AW,

Proof. We claim that (¢} + A, cf + A, ys, p)i2, is at least as good as any allocation
(&8, &, 75, )32, that yields utility TW. Indeed, take (¢%, &, ¢, p;)°, and notice that (& —

A E— A, 75, P2, generates utility ;. Hence, the optimality of (¢, ¢, 5, pt)i2,, implies

Z ﬁt (Z (HS<T (1 - ps))p'r [yf' - 676'] + (1 - Z (HS<T (1 - ps))p7> [_Cg]>

<t T<t

> Z 5t (Z (HS<T (1 - ﬁS))ﬁT [gi - (676— - A)]

T<t

which holds if and only if

Z Bt (Z (HS<T (1 - ps))pT [yi - (Ci + A)] - (1 - Z (HS<’T (1 - ps))pT) (Czlft + A))

>3 5 (Z (Moer (1= 5o)) B [55 — ] + (1 =2 (M (1= ﬁst) [‘5?]) /

proving the optimality of (¢} + A, ¢f + A, y¢, pr)22, when the promised utility is W.m

Proof of Lemma 5.1. Consider a simple policy (ag, y¢, 7). Let (po, ¢§) be the first-period
choices and a; be the corresponding level of assets if the agent is unemployed in period
1. Lemma implies that W, = Wyexp{—a (1 — ) (a1 — ap)}. Moreover, p; = po,
s =c5—(1—05)(ay —ap),and ¢} = ¢ — (1 — B) (a1 — ap). Hence, if we let

and apply Lemma inductively, we see that p, = p, for every ¢, ¢f = ¢ — At and
cf = cy — At.
The last part of the lemma follows immediately from the agent’s first-order condition

w.r.t. p; and straightforward algebra. m
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Proof of Theorem 5.2. Let {(p;, yf*, ¢/, c¢*)},=, be the optimal allocation.
Notice that Wy = piW§* + (1 — pg) W If W§* < Wi, then pjj = 0. In this case, the

optimal allocation can be implemented by assets

—a”log (= (1= 8) W)
1-p

ag =

and a some pair (y¢,7°¢) with y = T°. The worker best responds by never searching
for a job and consuming — (1 — 3) ™! log (— (1 — ) Wp) in every period. According to
Lemma this is optimal.

Next, assume that W™ > W§"*. Consider the first order condition:

sty ()]
R L O C N EOR

and the following promise-keeping condition, W = piW§* + (1 — p§) Wi™.

By solving these two equations we obtain:

~1
we* { o(py) o)’
— = |1+apy(1—pp)n (ye*+/~f( . T
Wo 0 0 0 Do Do
W, om0 e (42)
W L+ apy(1 — pglary’ (ng") k <9%0)>

Next, notice that W§* delivers ci* by

1 *
fefi ool (B}

¢ = —alog (— (1 - B)Wg") +1 (ys* + 5 (‘)(pf))) .

which implies
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We claim that there exists (ag, 7") that solves the system:

g =(1-=B8a+y; +T° 22
Wy™ = max {—exp{—ac} +BU (87" (a0 — ¢) 45" T°) } , (23)

where U (a,y§*, T¢) is the utility of an agent who starts a period unemployed and faces a
simple policy, (a, y§*, T°).

If ¢ = y* and ag = {25, then

Wi < max {~exp {~ac} + BU (87" (a0 — ) , 45" T°) } , 24

as the agent can keep consumption constant at c** even without taking a job.

The individual best responds to that contract by choosing p = 0 in every period. From
this point, if we decrease ag by — ﬁ and decrease 7 by ¢, the planner’s payoff is increased
by

€ p(a, v, T°) )
1— 0.
1_5( 1_(1_p(a7y8*7Te))ﬁ ~

Next, notice that, by construction,

1 *
—1_ﬁexp{—a [(1—6)a0+y8*+T6—n(yg*—i-/i(%%o)))}} = Wys".

Recall that the inequality (24) implies that p (a, y§*, 7¢) < p*. We claim that, if we

(25)

3
1-58
(23). Otherwise, as we take ay to —oo, the planner’s revenue goes to infinity while the

keep decreasing ay by — and T by ¢, we can generate (ag,7°*) satisfying (22) and
worker’s utility at the beginning remains above W, a contradiction. From the first order
condition, we know that p remains bounded below p* (and by lemma , this holds in
every future period) and the principal obtains infinite profits because of (25). At the same
time, the worker’s utility remains greater than pW¢* + (1 — p)W{"*, a contradiction.

The reasoning above shows that offering (ag, y°*,7°*) in the first period is optimal
to generate utility 11/]. In this case, Lemma implies that (af,y*, T°) is optimal to
generate utility W, where aj is the asset holdings chosen by the agent. Inductively, we
conclude that (a;,y®*, T°") is optimal to generate utility W} for every ¢ and hence the

simple policy (ag, y*, T) is optimal. m
Lemma B.9 We have % > 0 and g—;e < 0.

Proof. We must calculate % and 8‘9—;;. Let ¢ := y°® — T, assume without a loss that the
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agent starts with zero assets (Lemma B.5) and write 1 for the payoff of an agent who
starts a period of unemployment with zero assets. Start with the first order condition with
respect to p:

1
1-5

exp{—ac® —n(n°)|} — max [—exp {ad' S} + W exp {—ad’ (1 — B)}]

1—-p

exp{—alc® —n(n)]}n (n°)k (%) =0. (26)

Next, we remark that the problem is strictly concave in p, and hence the derivative of

(26) w.r.t. p is strictly negative. Differentiating this condition w.r.t. ¢ we obtain

e {—ale = (n))} — o [max - exp {aa'B) + AW exp {~aa’ (1~ )]
# e (e = ) (22)

Now, notice that

d
dce

max [—exp{ad' 8} + fWiexp {—ad' (1 - B)}]| <

— amax [~ exp {ad' 8} + BWh exp {—ad’ (1 - B)}], @7)

where the last number is obtained by the derivative of an increase in c in every state of

nature.
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Therefore, we have

e {-a e~ n(u))) - S [max(- exp {ad'8} + AWexp {~ad (1 - 5)}]

# e {male — o ) (22 =

1-p5 P
“exp{—ale = n ()]} + a [max [ exp {aa B} + S exp {~ad’ (1 - B)}]]

+ 2P exp{—ale —n )]}y (n) (@)/

1-p p
~ o [max [~ exp {aa/) + BW; exp {~aa’ (1 - B)}]] -
0 [max [~ exp {aaB) + 5, exp {—aa (1~ B)}]] =

— o [max [ exp {aa'8} + BWy exp {—ad’ (1 - §)}]] -

d

ac. H:HLE}X [—exp {ad' B} + W) exp {—ad’ (1 — 5)}]“ >0,

where we have used (26) and (27). Therefore, dp/dc® > 0.
Next, differentiating the first order condition with respect to y¢, we get

‘af?/_(n;) exp {—a [ —n (n°)]}- d;le [mix [~ exp {5} + 51 exp { —aa’ (1 - 6)}]
e (ale ) f e (42

apn’(n°) ) P 41/ )AY
- D xp -l =g b (0 (A2)

Notice that

- [max [ exp {08} + 83 exp{—aa’ (1= B)}]] >

o (n°) [max [ exp {aa' B} + AW, exp {—ad' (1 - )] . @28)
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Hence,

R C))I

. [max[ exp{ad' S} + Wi exp {—ad’ (1 — B)}]]

a’piy' (n°) c e en . (2@
- D exp (a e = b () 0 (42

apn' (n°) ‘ e ey (20 —an (nf) ‘ ‘
=D o e =) ) (2] = ZHLO e (afer = )] -

an’ (n°) [rrtz}x [—exp {ad' B} + W) exp {—ad’ (1 — ﬂ)}]}

- SO e - e = of ) (22)
)

1—3 o

d

]
. [max[ exp{ad' S} + Wi exp {—ad’ (1 — B)}]]

o apn// (n€>

T o Lo [ = ()} () (TZ’) _

o (n) [max [~ exp {aa'8} + W exp {—ad’ (1 - B)}]] -
d
dye

[max[ exp {aa'B8} + W7 exp {—ad’ (1 — 5)}]]

1—p

exp {—ar ¢ — ()} of! (n) of () (@) <0,

where we have used (26) and (28). m

Lemma B.10 We have

Sttt [1 poeetzall=fat ool g

Wo(1—B) 0
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Proof. We have

Sopst - pyt | L oeelmalZfaed e, [ce—nof)]}] <0

t=0 -1_6 (1_B)ZWO
SN 1| exp{—a(l-p)a) . .
@;pﬁ (1-2) | 1-H) X (1 -p) oplmald ol )]}] -

since z — — exp{—az} is strictly increasing. Notice that U is the mixture of the distri-
bution F¢ over employed payoffs defined above and the distribution over — exp{—ac}'},
which we call F™. It follows that if /' first order stochastic dominates /™. Hence for any
Ae (0,1),

/ 2d[MF® () + (1 — A)F* (z)] < / vdF* (z).

It, therefore, suffices to show that Wy < [ xdF* (x).
We have

Wo(1—8)=p(1=BWE+(1-p)(1-B) | - exp{—aci}+

BIWE + (1 - p) [~ exp{-ac} + gW3]]|.

Using W? > —22toad) ang —=2ladtl — pipe 4+ (1 — p) [— exp{—act} + B,

we have
_ pWe + B(1 = p) W + (1 = p) [exp{—act} + SW3]]

1-(1=p (=7

Proceeding analogously, it follows that the last expression is less than

Wo

pW2 4 B(1 —p) [pWy + (1 — p) W3]
I1—(1=p)(1—=p)—(1—p)>?p

Proceeding analogously and taking the limit, we obtain the desired inequality. m

Proof of Theorem 5.3. Part (i). Recall from (1 1)

9 [ p ] (ye—ce) dp p(y°, ) N U (y°, c°)
opl1-=(1=p)BJ\1-8 )0 1-(1—-p(y,c)s  exl-PDuq

Since

0 p
g [t >0
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y¢ — c* has the same sign as

& ¢ -1 | —1 eXP{_O‘ {Ce - n(ye + /fg(p)/p)}}
> w0y [1_5 - (1= 5)7TW, |

by Lemma B.9, which is strictly positive by Lemma

Part (ii). Consider the problem

C—Ce —aa(l—
)= g T | st

subject to

gen{oefis ()}

(1-p) n;ax{ — explad/i} +exp{—ad (1 - 5)}@%} Wy =0

el ol

— magx{ — exp{ad'B} + exp{—ad’ (1 — ﬁ)}ﬁWl}

oyl ool ) ()

Plugging the last constraint into the problem, one obtains the following Lagrangian

C(Wy) = max p {y Ce] +(1-p) ﬁC’(e—a“(l_ﬁ)Wl)—l—
W17087ye ]_ — /8

-t fr )]}
er-ritgemea (g )o(5) )
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Therefore, we have the first order conditions with respect to ¢,

oo () oot (o) ()]

and with respect to y°,

ool -2 o - 2).

Therefore, we have

Ul (ye + n@) —1- (L =p)pn” (y - EQ(pr)ﬁ <%)/ T
p a {1—%04(1—p)pn’(ye—i-/w(p)/p)"‘<%) ]

Part (iii). Notice that W < W and hence it suffices to show that lim W = —oo. We
have

lim(1 — B)WVe* =
_ limexp{—a [c;; (1= B)de—n {y i (Qg))” ot — 1)Ac} N
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C Extension: GHH-CARA type and Observable Savings

In this section, we consider the case of observable savings with period utility of the form

U(c,n) = —exp{—alc—n(n)]}.

We can write the Lagrangean as

C (Wp) = max (y¢ — )+ (1 —p) [+ BC (W)],

p
1-p
subject to

o e ol —n + (1= p) [ exp {~afed} +517] = Wy >0,

and

e {maema (v Z) Y 4 ew afely - o

(o) () oo o))
v = e {afemn (v +e22)]]

U* = exp{—ac'}.

Let

The first order condition for cf is
—p + pupaU® + XalU® = 0.
The first order condition for cj is

—1=p)+ (1 —=p)pU" = aU" = 0.
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The first order condition for 3¢ is
p — ppalUcr (n) = AaU*n'(nf)

—\U* {om”(ne)/i (@> + U [ (n))" K (MH =0

p

From these, we have

p— 1 (YU [ppics + Aa] = AU® |:Oé7’]”(ne)/f (%)/ +a?Ue [ (n®)]* K (Q(p))/}

=) = 2 fa g (22 iy n (B2) ] o

Ao
C"(W;) = —pg + = —l,
( 1) Ho (1 — p()) H1

which implies
Ao

1—p)

Moreover, the derivative with respect to p implies

o (22 o) (*42)
o (02 s (x22) . m

Lemma C.1 The multipliers 1w and )\ are strictly positive if there is search.

H1 = o —
(

P . o AaU®
m(?/ _C)il—ﬁ

Proof. First notice that

1 —po
Ut =
0 Mo(l—po)a—/\oa
Po
vZ, = ——M——
0 HoPoc + Agx

hence py = 0 implies Uy Ug < 0, which is an absurd.

Now, assume towards a contradiction that Ay < 0. Clearly, there is a last period at which
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A+ < 0and A\ > 0. Otherwise, as we will verify below, ¢ > ¢f for every ¢, and hence
there is no search. Assume that \; > 0 (the case in which \; < 0 forall s < tand \; > 0
for some ¢ > 1 can be analogously handled).

From the first-order conditions, we have:
-Uy > =Uy > -Uj. (31

Since the agent searches with positive probability, we have

—Us i —Uy e
5> U+ B py g+ (L) U+ AW (32)
1_—16 > —UY + BW,. (33)
Notice that e
(U + BW2) < 1 _15
e Ug
Therefore
e u Ule e
U + 8Wo <Uy + 6 |; =3 + (1= p1) (UT + W) (34)
yf :;0 < —ci 4 BC (W) . (35)
yll :;1 > —c + BC (Wa). (36)
Using (29) and Ay < 0 < A;, we obtain
g+ k2P e 0P0) (37)
Y41 Po
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Using (31), (34) and the agent’s first order condition w.r.t. p, we obtain

1 o (yHKQ(pl)) (H@(pl)) U = Uy —US + 3]

1-p D1 D1 1-p
L= U+ Ui + (1 = p1) (US + SWs)
1- 5 0 b1 1-3 p1) Uy 2
1 /
el ) (i

and therefore

y (yHKQ(pl)) (ﬁ@(pl))'Ule o (y8+ﬁg(po)> (”Q(Z’“)),Ug.

P1 1 Po Po

Since —U}* > —U§, we have U} < U and hence

aon ) (oo () om

We claim that (37) and (38) imply y1 < yo and p; > po. If y1 > yp, then (37) implies

p1 > po. These imply

o (o) (422 <o (e 22) (452

a contradiction. Thus y; < yo and using (37), we also have p; > p,. Hence

Y1 < Yo (39)
and

P1 > Do (40)

Uy > US.
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Finally, we have

TS e ac )
=—c+0 [plyf:? + (1 =p1)[=c + BC (Wg)]]
<—ci+p [plyf:;i +(1-p) H:E;H = —c3+5yff_;i‘ 1)

To finish the proof, we consider two cases.

Case 1: y; — cj > yi — cf or y§ — ¢ < yf — cf and yf — cf < —cg.
We claim that the planner and the agent are better off if the planner pays constant unem-
ployment insurance equal to ¢;; in each period. In response, the agent never searches. First,
(31) and (32) imply that the agent is better off.

To see that the planner is better off, notice that (4 1) imply that

() € € € €
—cg > max {yf — ¢, y; — i}

This and (36) imply

e _ o€
_Cg > Do (yO O) + (1 —Po)

- —cy+

plylf:;i
+(1=p1) [=¢f + BC (W2)]
Case 2: y§; — cj <y — cf and yf — ¢f > —cg.

Consider a deviation in which the planner gives (¥, ¢{) to the agent in the first period.

Let py be the best response of the agent. The planner’s payoff is

fo(B20) ) [ 8 [0 ) g+ 50 )]

> —cy + 3 {plyf :gf + (1 —py) [~} + BC (Wg)]:|
> (B8 )+ (=) |8 B (1 e+ s0 )|

where the last line uses (35). To show that the agent is better off, notice that p, is available
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and yields

plquﬁ + (1 —pm) (U{)““I—B {plquﬁ + (1 —pm) [Uf+6W2]})
> Pig _55 +(1—p1) (U8‘+B {plllfeﬂ +(1—p1) [Uf+5W2]D
>y (=) (08 [ 2+ g 0+ ] ),

which completes the proof. m
Recall that

¢ = 1,1{51 o(p)/p > 0.

We make the following assumption (otherwise working is always inefficient):
Assumption DS (desirable search) Search is desirable,

maxy — 7 (y + ko) > 0.

Let
y" = argmaxy — 1 (y + ko)
or
L= (y" + ko)
or
y =) (1) — ko,

Lemma C.2 There is positive search in every period.

Proof. Assume towards a contradiction that there is no search at period ¢. Let W, be the

agent’s utility at t. We have

Wi =B | =Y B exp(—ac+an (y + re(p)/p)) | -

t=0

Let x (W) be given by
_exp (—ax (W))
1-p

I
=

or




Let ¢ (W) be given by
c(W) =n(y"+rd)+x(W).

Since x — — exp (—awx) is strictly concave, it follows that

Y+ kp) +x (W) —y*
1-8 '

From Assumption DS, there is an £ > 0 such that if the planner demands production y* in

c(W) > 0l

exchange for consumption 7 (y* + k¢) + x (W) + € at period ¢ then the agent searches for
a job at ¢ and conditionally on finding a job and both players are better off. If ¢ > 0 then
the planner can decrease the unemployment insurance at ¢ — 1 to keep the agent indifferent.

This decreases the planner’s cost and establishes a contradiction. m

Theorem C.1 At the optimum, in every period in which there is a positive search,

1. the moral-hazard constraint (43) binds, and the planner benefits from strictly in-

creasing p;
2. the marginal income tax rate is always positive, and;

3. conditional on not finding a job at period t, the worker’s marginal utility of consump-

tion satisfies the inverse Euler equation,

o <1c?) - [ﬁ} |

Proof. i) The fact that the moral-hazard constraint (43) binds, and the planner benefits from
strictly increasing p follows immediately from Lemma
ii) From (29) and A > 0, we have

=) = 2 Loy (220 o (2)

p

iii) Using the first-order conditions, we have

1 -1
m = /"L -1 — — /,L .
@' (ciy) ' ( ) '

I —pia

58



Hence,

g 1 —p 1
e ey et A ) =) == s

Proposition C.1 The unemployment benefit is decreasing over time with ci > ci', ;.
Moreover, the worker’s consumption from employment at period t is strictly greater

than the unemployment benefit from any future period T > t.

Proof.
Notice that A\;; > 0 implies

1 1 1 1
SOI(C;L—FI) - SDI(C;L) = At41 - At = At41 - > O’
Pl = 1,07 M 1o e T,y Mkl
and hence ¢, | < ¢}
Next, notice that
1 1
Uu - U@ - > 07

por — 15  pa+ ap!
which implies ¢f > ¢} +n(nf) > c;'. =
Proposition C.2 Unemployment benefits converge to zero.

Proof. Suppose towards a contradiction that c¢;' — c% > 0. If it does not converge to zero,

since ¢'(c}') = H%H, we conclude that y; — (¢/(c%))~". Therefore,

At

— 0.
1—p

We claim that p, — 0. Suppose towards a contradiction that there is a subsequence p;, —

p > 0 and notice that, since
1

/ e
¢'(cf) = ———=,
! Nt+pt1/\t

we have along the subsequence ¢'(cf ) — ¢'(c% ), implying ¢f — c%. By incentive

7 (yf,. + K—Q(p”)) -0,

P,

compatibility,
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which is not possible, a contradiction.

But then, by a continuity argument, for every € > 0, there exists a period ¢* such that
t > t* implies that the planner’s utility is ¢ away from —c% /(1 — ), while the worker’s
utility is € away from (%) /(1 — 5).

It follows by Assumption DS that there is ¢ > 0 such that, if the planner demands
production y* in exchange for consumption 7 (y* + ko) + x (p(c%)/(1 — B)) +¢, then the
worker searches with probability bounded away from some p > 0 for every ¢ large enough.
Moreover, this € can be chosen to make both players better off, a contradiction. m

D Variable Effort and Amenities

Thus far we have talked about amenities suggesting that their supply plays an analogous
role to effort requirements. In reality both dimensions will simultaneously help define what
a desirable job is. In this extension, we add amenities to the one-period model explicitly
connecting it to the effort model we have presented.

Assume that amenities cost a to the firm and lead to a benefit ¢ (a) by making the

working environment more pleasant. We can write the problem as

€ (Wo) = max 125 (4" = ) = (1 = pes
subject to
» [90(66) ) (ye (@) + (k +a) %ﬂ CA—pew) 0. @)
and

o) = (1 = o)+ e 0 22 - ) -

p
plst ) (3 = o+ ) 22) (42 gy

p
The efficient level of amenities is the solution for

o i= argmax {o () + 220,

a

12We are assuming that the cost of amenities must be paid regardless of whether the vacancy is filled.
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This implies
-1 (op
o (p) = (&))" ( ( )‘) 7
p
which is decreasing in p.

Suppose the government can choose a. The first order condition implies

(e o(p)
(1 +pA)n (y —¢(a)+(ﬁ+a)7)

+Ap(k+a)n’ (ye—¢(a)+(m+a)%p)) (%)/ ¢/(a)_%]
= pAnf (ye —¢(a) + (5 +a) %) (%)/

Therefore, the optimal policy implies ¢'(a) > o(p)/p, a positive wedge on the optimal
level of amenities. The positive wedge on amenities arises whether the effort is another

intensive adjustment margin or not.
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