o
1))
<
2
=
@
4
o
o
<
as
O
>
—
Q
77
Q
a7
s
—
Q
e,
Q
s

Moral Hazard, Optimal Unemployment
Insurance, and Aggregate Dynamics

Marcelo Veracierto

March 2022

WP 2022-07

https://doi.org/10.21033/wp-2022-07

*Working papers are not edited, and all opinions and errors are the
responsibility of the author(s). The views expressed do not necessarily
reflect the views of the Federal Reserve Bank of Chicago or the Federal
Reserve System.



Moral Hazard, Optimal Unemployment Insurance,

and Aggregate Dynamics

R k
Marcelo Veracierto

Federal Reserve Bank of Chicago, U.S.A

March, 2022

Abstract: In this paper, I explore how optimal aggregate dynamics can be shaped
by the presence of moral hazard in unemployment insurance. I also analyze the optimal
provision of unemployment insurance and the implications for the amount of cross-sectional
heterogeneity. The economy that I consider embeds the Hopenhayn-Nicolini unemployment
insurance model into a real business cycle model with search frictions. In a calibrated
version | find that the presence of private information has large effects on optimal aggregate
steady-state dynamics but not on aggregate fluctuations. In addition, I find that optimal
consumption replacement ratios are approximately independent of the business cycle.

Keywords: Private information; Mechanism Design; Business Cycles; Moral hazard;
Unemployment Insurance

JEL classification: D82; E32; J64; J65

“The views expressed here do not necessarily reflect those of the Federal Reserve Bank of Chicago or
the Federal Reserve System. Address: Federal Reserve Bank of Chicago, Research Department, 230 South
LaSalle Street, Chicago, IL 60604. E-mail: mveracie@frbchi.org. Phone: (312) 322-5695.



1 Introduction

The main purpose of this paper is to provide a theoretical exploration of how the presence
of moral hazard in unemployment insurance (UI) can affect optimal aggregate dynamics,
both at the steady state and over business cycle fluctuations. A novel feature of the paper
is that instead of performing the analysis under exogenous forms of market incompleteness
(such as borrowing constraints) and restricting policy instruments to belong to a certain class
(e.g., constant replacement ratios or a fixed duration of benefits), it takes a more primitive
approach. In particular, it solves the mechanism design problem of a real business cycle
(RBC) economy subject to search frictions. Moral hazard problems arise in this economy
because the search efforts of individuals are unobserved, creating a nontrivial trade-off for
the social planner in terms of providing insurance and incentives. I am interested not only
in studying how aggregate dynamics are affected by the presence of private information, but
also in characterizing the optimal provision of unemployment insurance and exploring its
implications for the optimal amount of cross-sectional inequality, both at the steady state
and over the business cycle.

The model economy that I use embeds the optimal unemployment insurance model of
Hopenhayn and Nicolini (1997) into a RBC model with search frictions. In this economy,
all the production is done in a central island, where a representative firm produces output
using capital and labor subject to an aggregate productivity shock. The aggregate shock
follows a standard first-order autoregresive (AR(1)) process. Agents become exogenously
separated from the production island; and in order to get back to it, they need to search.
The probability of arriving at the production island depends on the search intensity of the
agent, which is private information. While the search intensity of an agent is not observable,
their location (either inside or outside the production island) is; and therefore, allocations
can be made contingent on this information. Agents are risk-averse, value consumption, and
dislike to search.

A social planner designs optimal dynamic contracts for the agents in this economy. In
line with the literature, a dynamic contract is given a standard recursive formulation in
which a promised value to the agent and the employment status of the agent describe its

state. Given the current state of the contract and the aggregate state of the economy, the



contract specifies current consumption, current search intensity (if the agent is unemployed),
and next-period state-contingent promised values. Since the model has a large number of
agents and labor market shocks are idiosyncratic, the social planner needs to keep track of
the whole distribution of individuals across promised values and employment statuses as a
state variable. Given this distribution, the aggregate stock of capital, and the aggregate
productivity level, the social planner seeks to maximize the present discounted utility of
agents subject to incentive-compatibility, promise-keeping, and aggregate resource-feasibility
constraints.

I calibrate this Hopenhayn-Nicolini RBC model to U.S. observations and compare its
optimal aggregate dynamics under public and private information. I find that the presence
of information frictions has important effects on its steady-state dynamics: The private
information reduces aggregate employment, consumption, investment, and output by 2.4%
and creates a significant amount of consumption inequality: The cross-sectional standard
deviation of log consumption goes from zero to 0.083. However, at business cycle frequencies
the private information has negligible aggregate effects: The impulse responses of aggregate
employment, consumption, investment and output are approximately the same under public
and private information.

The intuition for why the private information matters so much for steady-state dynamics
is that the social planner faces a nontrivial trade-off between aggregate employment and
unemployment insurance provision: Given that the separation rate is exogenous, the planner
can only increase aggregate employment by inducing the unemployed agents to increase
their search intensities. However, since their search intensities are private information, this
can only be done by increasing the differences between the promised values of becoming
employed and the promised values of continuing to be unemployed (thus reducing the amount
of unemployment insurance provided). Given this trade-off, the social planner chooses to
generate a lower aggregate employment level at the deterministic steady state. With business
cycle dynamics things look different. It is still true that when there is a positive aggregate
productivity shock, in order to induce unemployed agents to search more intensively, the
social planner needs to punish them with the insurance that they receive. However, this is
compensated by the higher insurance that they receive when there is a negative aggregate

productivity shock. At a first-order approximation, the losses and gains in unemployment



insurance provision across expansions and contractions balance out and make the social
planner respond to aggregate shocks approximately the same way under public and private
information.

In terms of the design of optimal unemployment insurance, I find that there are no sig-
nificant interactions with the state of the business cycle. Optimal consumption replacement
ratios are determined at the deterministic steady-state of the economy and solely depend on
idiosyncratic labor market histories. Over the business cycle, the consumption of agents at
different stages of their idiosyncratic histories get roughly scaled up or down by a common
factor, leaving all replacement ratios approximately unchanged. In fact, the variance of the
distribution of log consumption levels remains roughly constant over time. What is signifi-
cantly affected over the business cycle is the distribution of promised values of unemployed
agents, since these agents are required to search more during booms and they must be given
the incentives to do so.

This paper is related to a vast literature on optimal unemployment insurance. First,
my paper is tightly related to Hopenhayn and Nicolini (2009), since it uses essentially the
same model as theirs, but embedded in an RBC context.? However, Hopenhayn and Nicolini
(2009) analyze optimal unemployment insurance abstracting from business cycle consider-
ations, as do Hopenhayn and Nicolini (1997), Werning (2002), and Shimer and Werning
(2008). Kroft and Notowidigdo (2011), Sanchez (2008) and Williams and Li (2015) all con-
sider business cycle effects but perform their analysis within a principal-agent setup. In
contrast, I consider an economy-wide social planning problem under aggregate uncertainty
that takes into account not only the individual incentive constraints, but also the aggre-
gate feasibility constraints. While there is a large general equilibrium literature analyzing
optimal Ul provision in a deterministic environment, the analysis in business cycle settings
is more limited. Recent examples include Landais et al. (2018), Jung and Kuester (2015),
and Mitman and Rabinovich (2015) in Mortensen-Pissarides frameworks and Boostani et al.

(2017) in a directed search environment. However, all of these papers impose exogenous

2Actually, it is essentially the same model as the one in Section 2 of Hopenhayn and Nicolini (2009).
However, instead of having indivisible search decision, search intensities in my model are continuous. Also,
instead of characterizing optimal allocations only at low promised values, I characterize them over the whole

support of the distribution (although my characterization is numerical instead of analytical).



restrictions to the financial markets that agents have available (e.g., exogenous borrowing
limits or hand-to-mouth workers) and to the policy instruments that the government has
available (e.g., homogeneous Ul benefits, an infinite duration of UI benefits, or a constant
probability of UI termination). In contrast, the Hopenhayn-Nicolini RBC model in this
paper analyzes the true social optimum for the environment considered, in which the only
restrictions to risk sharing arise because of the presence of private information. Thus, it
provides a useful benchmark to which equilibria with exogenous restrictions to risk sharing
and policy instruments may be compared.

Previous work analyzing optimal social insurance in aggregate models include Green
(1987), Atkeson and Lucas (1992), Golosov et al. (2007), Farhi and Werning (2012), and
Golosov et al. (2016). However, interactions with aggregate fluctuations have been mostly
neglected in this literature. Notable exceptions are Phelan (1994), da Costa and Luz (2018),
Werning (2007), Scheuer (2013), and Veracierto (2021). The most closely related paper is
Veracierto (2021), since it also solves the mechanism design problem of an RBC economy
subject to information frictions. The model that I considered in that paper is a standard
RBC economy populated by agents who value consumption and leisure, and who receive
idiosyncratic shocks to their value of leisure. These shocks, which are independent and
identically distributed (i.i.d.) over time and across individuals, are private information. For
that Mirrlees RBC economy, I showed that the presence of private information is completely
irrelevant for both steady-state and business cycle dynamics: The stationary behavior of all
macroeconomic variables (i.e., aggregate output, consumption, investment, hours worked,
and capital) are the same under private information as under full information.> On the
contrary, in the Hopenhayn-Nicolini RBC model analyzed in this paper, the information
frictions greatly affect steady-state aggregate dynamics. However, the information frictions
are still irrelevant for business cycle dynamics.

The paper is organized as follows. In Section 2, I describe the economy. In Section 3,
I describe the mechanism design problem. In Section 4, I parametrize the economy. Next,

I analyze the optimal steady-state dynamics in Section 5. Then, I analyze the optimal

3For logarithmic preferences, I established the irrelevance result analytically. For other preferences, I

showed it numerically.



fluctuations in Section 6. Finally, I provide conclusions in Section 7.

2 The economy

The economy is populated by a unit measure of agents subject to stochastic lifetimes. When-
ever an agent dies they are immediately replaced by a newborn, leaving the aggregate pop-

ulation level constant over time. The preferences of an individual born at date T are given

by

Er {ZﬁtTUtT [ (ce) — St]} ;

t=T
where ¢ is the survival probability, 0 < # < 1 is the discount factor, ¢; is consumption, s, is

search intensity, r is given by

and o > 0.

All production in the economy is done in a central island.* Agents get exogenously
separated from the production island at a common rate ¢, and in order to get back to it,
they need to search. The probability of arriving at the production island at the beginning of
the following period depends on the search intensity of the individual according to a strictly
increasing and concave function 7 (s;). The search intensity s; is assumed to be private
information, creating a moral hazard problem similar to the one in Hopenhayn and Nicolini
(2009). All agents are born outside the production island.

Output, which can be consumed or invested, is produced according to the following

production function:

— LRI 1—y
Yi=e" K H 7,

where Y, is output, z; is aggregate productivity, K; 1 is capital, H; is employment, and

0 < v < 1. The aggregate productivity level z; follows a standard AR(1) process given by

Zi41 = P2t + €41,

where 0 < p < 1 and €444 is normally distributed with zero mean and standard deviation o..

4The fiction of a central island has been previously used by Alvarez and Veracierto (2001) and Ljungqvist

and Sargent (2007).



Capital is accumulated using a standard linear technology given by
Kt == (1 - 5) thl + It, (1)

where [; is gross investment and 0 < § < 1.

3 The mechanism design problem

In this section, I describe the problem of a social planner that maximizes utility subject
to incentive-compatibility, promise-keeping, and aggregate resource-feasibility constraints.
While the search intensities of agents are not observable, their locations (either inside or
outside the production island) are; and therefore, recursive contracts can be made contingent
on this information. For simplicity’s sake, in what follows an agent will be called employed
if they are located inside the production island, and unemployed if they are located outside
of it.

In order to describe the mechanism design problem it will be important to distinguish
between two types of agents: young and old. A young agent is one who has been born at the
beginning of the current period. An old agent is one who has been born in some previous
period. The social planner must decide recursive plans for both types of agents. The state
of a recursive plan is given by the agent’s employment status and the value (i.e., discounted
expected utility) that the agent is entitled to at the beginning of the period. Given this state,
the recursive plan specifies the current utility of consumption, the current search intensity,
and the next-period state-contingent promised values. The social planner is fully committed
to the recursive plans they choose and agents have no outside opportunities available.

A key difference between the young and the old is in terms of promised values. Because
during the previous period the social planner has already decided on some recursive plan
for a currently old agent, the planner is restricted to delivering the corresponding promised
value during the current period. In contrast, the social planner is free to deliver any value
to a currently young agent, since this is the first period they are alive. Reflecting this
difference, I will specify the individual state of an old agent to be their promised value v
and their current employment status n, where n is either e (employed) or u (unemployed).

At date ¢, their current utility of consumption, search intensity, and next-period promised



value are denoted by ront (v), Sot (v), and Wepm 141 (v), respectively, where wopn 111 (v) is a
random variable contingent on the realization of n’ and z,,1.° Observe that there is no need
to specify the search intensity of employed agents because it is always set to zero. In turn,
since all young agents are unemployed and have no ongoing recursive contracts, their current
utility of consumption, search intensity, and next-period promised value are simply denoted
by Tyut, Syt, and Wyyps 141, Tespectively, where wy,, 141 is also contingent on the realization
of ' and z;,1.

The aggregate state of the economy is given by a vector (z;, K;_1, flet, fut), Where z; is
the aggregate productivity level, K; i is the stock of capital, u.; is a measure describing the
number of employed old agents across individual promised values v, and p,; is similar to pue
but for unemployed old agents. The social planner seeks to maximize the weighted sum of
the welfare levels of current and future generations of young agents (the welfare levels of old
agents are predetermined by their promised values at the beginning of the period). That is,

given the current state vector of the economy, the planner maximizes
Vi (2, K1, phet pur) = Max {(1 — o) (Tyur — syt + BOE [0 (8y1) Wyue 41 + (1 =17 (Sye)) Wyuu,41])

FOE,; [Vigr (Zeg1, Ko, fegrts fug41)]} (2)

subject to incentive-compatibility, promise-keeping, and aggregate resource-feasibility con-
straints, where F; denotes the expectation conditional on z;, V; is the social planner’s value
function, and @ is the Pareto weight of the next-period generation relative to the current-
period generation.®

Instead of providing the details for this economy-wide planning problem, I will describe
it in terms of its component planning problems, as this is more convenient. In each period,
there are two types of component planning problems—one concerned with providing insur-
ance and incentives to individuals and the other concerned with making production and
investment decisions. In these component planning problems, the joint stochastic process

for the shadow price of labor (in terms of the consumption good), ¢;, and the shadow price

5T follow the convention that a variable is dated ¢t if it becomes known at date t.

6Observe that given the constant probability of dying 1—o¢ and the immediate replacement with newborns,

the number of young agents in the economy is always equal to 1 — o.



of the consumption good (in utiles), \;, are taken as given. The solutions to these compo-
nent planning problems correspond to the solution of the economy-wide planning problem if
certain side conditions are satisfied.

The component planning problem for individuals can be distinguished by the age and
employment status of the agent. The date t component planning problem for employed old

individuals is the following:

Poet (U) = max {{Qt —C (roet (U))}

+0o By )\;\—tl (D Pout11 (Woeut+1 (V) + (1 = @) Poc i1 (Woee 41 (U)))] } ) (3)

subject to
V= Toet (V) + BOE} [pWocu 41 (V) + (1 = @) Woee 41 (V)] (4)
where ¢(r) = [(1—a)r+ 1]ﬁ is the consumption level corresponding to the utility of

consumption r, P (v) is the current social value of an employed old individual with promised
value v (in terms of the current consumption good), and P, (v) is similar to P, (v) but for
unemployed old agents. Observe that the flow social value of an employed old worker is the
value of their labor input, net of the consumption goods transferred to them. The expected
continuation social value of an employed old agent takes into account that, conditional on

surviving, the agent will become unemployed with probability ¢. This continuation social

At+1

¥ and the relative

value is discounted according to the stochastic social discount factor
Pareto weight 6. Equation (4) is the promise-keeping constraint.

The date t component planning problem for unemployed old individuals is

P, (v) = max {—c (rou (v))

#0082 1 50 00) P s (0) 4 (1= 1 5 00) Pvs Qo <v>>>] } ,
(5)
subject to
0 = T (0) — S0 (0) & B0 B [ (50 (0) Woners () + (1= 7 (501 (0))) Womnesn (0)],  (6)

1" (Sot (V) BOEy [Woue t11 (V) — Wouu 11 (v)] = 1. (7)



Observe that the flow social value of an old unemployed agent is simply the cost of the
consumption goods transferred to them. The expected continuation social value of an un-
employed old agent takes into account that, conditional on surviving, the agent will become
employed with probability 1 (s,). Equation (6) is the promise-keeping constraint. Equation
(7) is the incentive-compatibility constraint: It is the first-order condition for the individ-
ual’s optimal choice of search intensity. Since the search intensity is not observable, the
agent chooses it to maximize their private gains. In an interior solution, this is attained by
equating the marginal private benefits (given by the marginal impact on the hazard rate mul-
tiplied by the expected discounted gains of becoming employed) to the marginal private cost
(which is equal to one, given that s.; enters linearly into the individual’s utility function).”

Since all agents are born unemployed, there is only one type of component planning

problem for young agents. It is given by

ut E ue 1 - Uy
Pyt = maX{Ty t— Sy + BoLy[n (Syt)wy)\ a1+ (1= (sy0)] Wyuupn] ¢ (ryut) +
t
Aot
+ GO-Et )\t [77 (syt) Poe,t+1 (wyue,tJrl) + [1 - n <5yt>] Pou,tJrl (wyuu,tJrl)] 9 (8)
subject to
77/ <5yt) BoE; [wyue,t+1 — wyuu,t—l—l] = 1. (9)

Observe that the present value of the lifetime utility of the young agent directly enters the
flow social value because the economy-wide social planner in equation (2) seeks to maximize
the weighted sum of the welfare levels of current and future generations. The consumption
goods transferred to the young agent are subtracted from the flow social value because the
transfer tightens the aggregate consumption feasibility constraint of the economy-wide social
planner. The incentive-compatibility constraint (9) is similar to equation (7).

The production component planning problem is simply

_ A
Ppt (thl) = Imax {eth?_lHtl T — tht - It + (9Et |:%1Pp,t+l (Kt)‘| } s (10)
t

subject to

Kt - (1 - 5) Kt—l + ]t' (1]_)

I describe the interior solution case for simplicity’s sake. In general one needs to check for corner solutions

(since 71 (Sot (v)) cannot be negative or exceed one).



Observe that the flow social surplus in this planning problem is given by output net of the
value of the labor input and the value of investment.

The economy-wide distribution of employed old agents across promised values is denoted
by pier- The similar object for unemployed old agents is denoted by fi,;. The law of motion
for pe; is given by

e (B) = (1070 (5) Zwpuser € B+ 7 (50t (0))

{v:iwoue,t+1(v)EB}

+U/ (1 - ¢) d/vbem (12)
{v:woee,t4+1(v)EB}

for every Borel set B, where 7 is an indicator function that takes a value of one if its argument
is true and zero otherwise. This equation states that the number of employed old agents
who have a promised value in the set B at the beginning of the following period is given
by the sum of three terms. The first term includes all young agents who do not die, find
the production island, and get a promised value in the set B. The second term includes all
unemployed old agents who do not die, find the production island, and get a promised value
in the set B. The third term includes all employed old agents who do not die, do not get
separated from the production island, and get a promised value in the set B. The law of

motion for p,,, which is given by

it (B) _ (1 . U) p (1 —n (Syt))z[wyuu7t+1 I B] + O'/ (1 -n (Sot (U)>> Aot
{viwouu,t+1(v)EB}
vo | bt 13)
{'Ui'woeu,t+1(ru)68}

is similarly interpreted. Observe that because all next-period promised values are contingent
on the realization of next-period aggregate productivity z;41, fte+1 and fu, ¢+1 are also state-
contingent.

Given initial values for K 1, u.0, and g0, the side conditions that the stochastic process

{a:, M}72, needs to satisty are the following:

Ht :/d,uet, (14)

and

(1 =) erym) + /C(rout () dptus + /C<7"oet (v)) dpter + Ko — (1= 0) Kooy = e* K Hy
(15)
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Equation (14) is the aggregate labor feasibility constraint. It states that the input of hours
into the production function equals the total number of employed old agents. Equation (15)
describes the aggregate feasibility constraint for the consumption good. It states that the
total consumption of the young, old unemployed, and old employed agents, plus aggregate
investment, equals aggregate output.

A solution to the economy-wide mechanism design problem is a stochastic process for
the measures {fier, fut by, Scalars {qe, A, Ke—1, Iy, Hy, Py, Tyuts Syt Wyue,t+1, Wyuu,t+1 F g a0d
functions { Pout, Tout, Sots Woue,t+1> Wouu,t+15 Poets Toets Woeu,t+1, Woee,t+1, Ppt }o such that start-
ing from K 1, fieo, and fi,0, equations (3)-(15) are satisfied almost surely, for ¢ > 0. In what
follows I sketch the method that I use to compute a stationary solution.®

Computing a stationary solution is a difficult task not only because two of the state
variables, pe; and i, are infinitely dimensional but also because they are contingent on the
realization of the aggregate shock z;. Moreover, the distributions p.; and p,; turn out to have
odd shapes, which precludes the possiblity of parametrizing them with polynomial forms and
which are likely to make the laws of motion (12) and (13) highly non-linear. In order to avoid
these difficulties I generalize the computational strategy introduced in Veracierto (2002) in a
straightforward way. In particular, instead of keeping track of the distributions of promised
values as state variables, what the computational method keeps track of is a long (but finite)

history of realized decision rules:

{woee,t+1—ma Woew,t+1—my Wouu,t+1—m)r Woue,t+1—m> Wyuu,t+1—my Wyue,t+1—ms So,t—m) Sy,t—m}rj\le :
(16)
Because all functions are parametrized as spline approximations, the computational method
only needs to keep track of the values of the decision rules at the grid points (vj)jzl.g Finite
versions of the current distributions g and p,; are then obtained by simulating the evolu-

tion of a large (but finite) panel of agents (and their descendants) using the realized history

8The general method is described in detail in Veracierto (2020).

9In Veracierto (2002) the decision rules were of the (S,s) variety. Thus, it was sufficient to keep track of
the history of lower and upper thresholds that defined the decision rules. In this paper the decision rules are

smooth functions that are approximated as splines.
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of decision rules in (16) and the laws of motion (12) and (13).!° Given the current distribu-
tions pie; and ;e (described by the updated panel of agents) and the current consumption
allocation rule r,,;, averages across agents can be then calculated to evaluate the aggregate
feasibility constraints (14) and (15).

Because the distributions pe; and i, are completely described by the history of decision
rules in equation (16), the laws of motion (12) and (13) can be replaced by the law of motion
for the spline coefficients describing the functions in (16). Updating the history of spline
coefficients with those chosen during the current period defines a (trivially) linear mapping
that requires no further approximation.

The last piece of the computational strategy is to consider equations (3)-(11) (and their

associated first-order and envelope conditions) only at the grid points (vj)‘] Moreover,

j=1
because all functions are described as spline approximations, terms like P, 141 (Woent+1) I

equation (3), which involves evaluating the function P,,;+; outside a grid point, must be

J

thought of as being determined by the vector of values of F,,;+1 at the grid points (Uj)j:1

and by the scalar woey, ¢+1-

Equations (3)-(11), their first-order and envelope conditions, and the aggregate feasibility
conditions (14)-(15) can then be linearized (around the deterministic steady state) with
respect to all scalar variables and function values at the grid points (vj)jzl.n The resulting
sytem constitutes a linear rational expectations model that despite its high dimensionality,
can be solved using standard methods. The only nonstandard feature of the system is that
we seek a solution in which some state variables at date ¢ are contingent on the realization
of the productivity shock z; and some decision variables at date ¢ are contingent on the

realization of z;,,. However, a straightforward transformation of the deterministic solution

delivers the state-contingent solution that we seek.!?

0The initial panel of agents (M periods into the past) is randomly drawn from the deterministic steady-
state distributions. However, because of the stochastic lifetimes, if M is large enough the initial panel of

agents becomes immaterial because very few of them will survive M consecutive periods.
"The laws of motion (12) and (13) have already been given a linear representation.

12Gee Proposition 1 in Veracierto (2020).
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4 Parametrization

In order to parametrize the model, I consider its full information version, which is obtained
by dropping the incentive compatibility constraints (7) and (9) from the mechanism design
problem. The reason for doing this is that the full information economy is far simpler to
compute than the private information case.!® In fact, it turns out that when the relative
Pareto weight 6 equals the discount factor (3, the full information mechanism design problem

reduces to the following representative agent planning problem:

V(Zt, Kt—h Ht> = max {Tt — S¢ (]. — Ht) + 5Et [V(Zt+1, Kt, Ht+1>]} 5 (].7)
subject to
C(Tt) + Kt — (1 — 5) thl S €ZtK?_1Ht1_’y, (18)
Hypn <ofn(s) (1—Hy)+(1—¢)Hy, (19)
Zt41 = P2t Ett1, (20)

where all variables are exactly the same as in Section 2. Observe that in equation (19) only
a fraction o of the total number of agents who would otherwise find a job 7 (s;) (1 — Hy)
or remain employed (1 — ¢) H; end up actually employed at the beginning of the following
period. The reason is that in the original heterogeneous agents economy a fraction 1 — o of
the population dies and is replaced by young agents who start their lives unemployed.

In parametrizing this economy I set the time period to one year, assume that the search

technology is given by
n(sy) =D (1 — e‘”t) ,

and choose parameter values as described next.!* Following the RBC literature, I select a

labor share 1 — v of 0.64, a depreciation rate ¢ of 0.10, a private discount factor 8 of 0.96, a

13The parametrization strategy below requires computing the business cycle fluctuations of the model
under each possible set of parameters considered. Applying this strategy to the economy with private

information would be too costly.

1T experimented using other functional forms for the search technology, but in all cases the model was

able to generate much lower employment fluctuations.
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persistence of aggregate productivity p of 0.95, and a variance of the innovations to aggregate
productivity o2 equal to 4 x 0.007%. The social discount factor @ is chosen to be the same as
the private discount factor 5 (an assumption already embodied in the representative agent
problem (17)-(20)). Consumption preferences are assumed to be logarithmic (i.e., « is set to
1). In terms of the life-cycle structure, I choose o = 0.975 in order to generate an expected
life span of 40 years. There are three parameters closely related to the labor dynamics of
the model: the employment separation rate ¢ and the search technology parameters D and
7. To determine ¢ I turn to Krusell et al. (2017), who measured a quarterly employment-to-
employment transition rate using Current Population Survey (CPS) data. This transition
rate implies an average duration of an employment spell equal to 8.9 years.'> Reproducing
this observation requires setting ¢ = 0.112. In turn, the parameters D and 7 are chosen to
satisfy two criteria: that aggregate employment under full information be equal to 0.60 (the
ratio of employment to the working-age population in U.S. data) and that the the standard
deviation of aggregate employment be as large as possible (since models with search frictions
tend to have difficulties generating large employment fluctuations). The selected values of

D and 7 turn out to be 8.0 and 0.016, respectively.!©

5 Steady-state dynamics

[ now turn to describing the deterministic steady-state properties of the economy with private
information under the parameters determined in the previous section. I start with the blue
line in Figure 1.A, which depicts the job-finding probability for old unemployed agents 7 (s,)
across promised values v. Not surprisingly, this function is generally decreasing in v. That
is, agents with higher promised values are required to search less. What is interesting is that
there exists a threshold promised value above which the job-finding probability becomes zero

(marked as a vertical red line) and another threshold promised value below which the job-

15Observe that average employment spells are much longer than average job spells, since many workers

experience job-to-job transitions without going through nonemployment.

16Under this parametrization aggregate employment fluctuates 32% as much as output (not as much as in

the data, but a much better performance than the standard Mortensen-Pissarides model).
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finding probability becomes one (marked as a vertical green line). The gold line in Figure
1.A shows the job-finding probability 7 (s,) for young agents. We see that agents start their
lives with a job-finding probability of 0.23.

Figure 1.B depicts next-period promised values for unemployed agents as a function of
v. The purple line is the 45-degree line, while the vertical lines mark the threshold promised
values. In turn, the gold line describes wey,, while the dark blue line describes wgy..!” We
see that w,,, coincides with the 45-degree line above the zero-search threshold. Thus, if
some agent enters unemployment with a promised value larger than that threshold, they
remain unemployed forever and their promised value never changes (effectively retiring at
that promised value). However, the w,,, function remains uniformly below the 45-degree
line for promised values below the zero-search threshold. Thus, an unemployed agent’s
promised value decreases during their unemployment spell. Moreover, the punishment for
remaining unemployed increases during the unemployment spell: The vertical difference
between the 45-degree line and w,,, increases with lower values of v. However, when an
unemployed agent finds employment, the agent gets a significant reward in terms of next-
period promised value (the vertical difference between w,,. and the 45-degree line). Since
Woye 1s parallel to the 45-degree line, this reward is the same at all promised values below
the zero-search threshold. Observe that this reward is needed even when the agents put a
tiny amount of search (i.e., when their promised value v is an epsilon below the zero-search
threshold). The reason for this is that the search technology chosen has a finite slope at
s = 0; and therefore, the incentive compatibility constraint (7) requires a positive reward for
inducing the agent to do even an infinitesimal amount of search. Figure 1.B also displays the
next-period promised values of young agents in the event that they become employed wy.e
or continue to be unemployed w,,. We see that they roughly correspond to the values woye

and wy,, received by an old agent with a promised value v in the middle of the distribution

Moy -

1"Both functions are depicted over the support of the invariant distribution p,. However, the function
Woqq 18 DOt shown for promised values smaller than the low threshold because no unemployed agent remains
unemployed in that range. Similarly, the function wy,. is not depicted for promised values larger than the

high threshold because no unemployed agent becomes employed in that range.
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Figure 1.C depicts next-period promised values for employed agents as a function of v.®
Again the purple line represents the 45-degree line and the vertical lines mark the threshold
promised values. The blue line describes wye., while the gold line describes wye,. We see
that w,ee coincides with the 45-degree line at all values of v. That is, the promised values of
employed agents do not change while they remain employed, which is quite intuitive because
employed agents face no incentive problems. Observe that w,e, also coincides with the 45-
degree line but to the right of the zero-search threshold. That is, employed agents with
promised values higher than the threshold do not see their promised values change when
they become unemployed. This is also quite intuitive because these agents will never search
again (effectively retiring from the labor force). However, we see that w,e, remains below
the 45-degree line to the left of the zero-search threshold, so in this range employed agents
get punished when they become unemployed. In fact we see that the punishment, given by
the vertical difference between the 45-degree line and w,e,, increases with lower values of v.
This is also intuitive because, besides what may happen with their consumption levels at
the time that they become unemployed (an issue that will be addressed below), their search
intensities (which reduce their welfare levels) increase with lower values of v.

Figure 2.A shows the log of consumption as a function of v. The vertical lines once
again represent the search thresholds, and the blue line shows u,. and the gold line u,,. The
interesting feature of this figure is that to the right of the zero-search threshold, u,. and u,,
coincide: The consumption level in that region is identical for employed and unemployed
agents. Thus, when an employed agent retires, their consumption level remains exactly
the same as when they were last employed. Not surprisingly, to the left of the zero-search
threshold, w,, must be higher than u,. because in order to obtain the same promised value
v, the unemployed agents must be compensated with higher consumption for their positive
search effort.

More interesting is to analyze the consumption changes that take place as agents tran-
sition between the different employment states, since this informs us about the amount of
insurance provided. This is shown in Figure 2.B. The light blue line shows the consumption

changes that take place when an employed agent continues to be employed in the next pe-

18Both functions are depicted over the support of the invariant distribution ..
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riod.'® We see that their consumption levels do not change. This is quite obvious: Since these
agents experience no idiosyncratic shock to their employment state and since being employed
entails no incentive problems, there is no reason to change their consumption levels. Much
more interesting is the dark blue line, which shows the consumption changes that take place
when an employed agent becomes unemployed in the following period. Again, we see that
their consumption levels are not affected. This is actually quite intuitive: Since the idiosyn-
cratic shocks that determine an employment-to-unemployment transition are completely
exogenous and current search decisions are not affected by current consumption levels, there
is no reason not to fully insure agents against those shocks. The gray line shows the con-
sumption changes that take place when an unemployed agent continues to be unemployed
the following period. For promised values larger than the zero-search threshold, we see that
there are no consumption changes: Agents receive a constant consumption stream during
their retirement. However, to the left of the zero-search threshold, we see that consumption
drops if an unemployed agent continues to be unemployed. The reason is that in order to
induce the agent to search, the planner needs to punish them in case that they continue to
be unemployed (and reward them in case they become employed) and partially does this by
reducing the agent’s consumption level (recall that the agents are also induced to increase
their search intensity if they continue to be unemployed). Observe that for promised values
close to the zero-search threshold, the consumption change is small but it becomes signif-
icant at lower promised values. Thus, if an agent remains unemployed for a long period,
the accumulated consumption loss can become quite substantial. The gold line shows the
consumption changes that take place when unemployed agents find employment. We see
that for promised values smaller than the low threshold there are no changes to their con-
sumption levels. The reason is that because these agents find employment with a probability
of one, there is no reason not to smooth their consumption levels perfectly across the two
employment states (the agent is induced to find employment with a probability of one by
being promised a sufficiently low continuation value w,,, ). To the right of the low threshold
we see that the gain in promised values shown in Figure 1.B (the vertical differences between

the wyy,e and the 45-degree lines) are achieved not only by the agents not having to search

19The light blue line happens to be completely hidden under the dark blue line.
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once they become employed, but also by their consumption levels increasing. Once promised
values are sufficiently close to the high threshold, the search intensities are so close to zero
that the gains in promised values must be achieved by large increases in consumption levels
(although these gains actually take place with very low probabilities).

Figures 3.A and 3.B report the implied invariant distributions p. and pu,,, respectively.
We have already encountered the least upper bound for the support of p.: In Figure 1.B the
value of the w,,. function at the zero-search threshold gives the highest promised value that
an unemployed agent can possibly get by becoming employed. Since we know from Figure
1.C that an employed agent with that promised value does not get punished when they
become unemployed and retire, this value is also the least upper bound for the support of .
Observe that the greatest lower bound for the promised value of an unemployed agent who
could continue to be unemployed during the following period (with a negligible probability) is
the low threshold v;,,,. In the following period, conditional on continuing to be unemployed,
this agent will transit to a promised value given by wgyy (View) and exert the maximum search
effort spax.2’ Subsequently, this agent will forever receive a constant consumption stream
(see Figure 2.B) and exert search effort s,,,, whenever they become unemployed again in the
future. Since this agent will transit between wyyy, (Viow) and Woue (Wouu (Viow)) for the rest of
their lifetime, these values constitute the greatest lower bounds for the distributions pu, and
lle, Tespectively.?!

While the greatest lower bound for the support of the distribution g, is Wouy (View),
Figure 3.B shows that very few unemployed agents reach the area to the left of the low
threshold vj,,,. This is because promised values drift down slowly while unemployment lasts
(as shown by the vertical distance between the 45-degree line and w,,, in Figure 1.B) and
job-finding probabilities increase sharply as promised values approach the lower threshold
Ulow- Observe the large mass that p. has at wy. = —9.7. This is because 23% of young agents
find employment right away, every new generation gets the same wy,., and they accumulate

at that value given the long average duration of employment. In contrast, the distribution

20The maximum search effort is defined by 7 (Smax) = 1.

21Gince this agent always enjoys the same amount of consumption, the difference between wouy (Viow) and

Woue (Woun (Viow)) merely reflects the search effort sp.x that is exerted while unemployed.
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fy gets a much lower mass at w,, = —18.1 because if young agents don’t find employment
right away their promised values drift down. Also observe the rather odd shapes for p,
and p,. These odd shapes arise because of the following: promised values do not change
while employed; the average duration of employment is high; promised values drift down
slowly during the relatively few unemployment episodes that agents experience during their
lifetimes; when they get reemployed their promised values jump by the same large amount;
agents get absorbed into retirement or death; and newborns always start their second period
of their lives at either wy. or w,,. Thus, there is not enough mixing in the distributions .
and ft,.

Having described the steady-state dynamics of the economy with private information, I
turn to evaluate the role of the private information in shaping these dynamics. I do this
by comparing this steady-state with the steady-state of the economy with full information
(described by equations (17)-(19)) under identical parameter values. Table 1 shows the re-
sults. We see that the information frictions have large steady-state effects: They reduce
aggregate employment, capital, investment, consumption, and output by 2.4%.22 The in-
tuition for this result is straightforward. Given the constant separation rate, the only way
that the planner can generate a high aggregate employment level is by inducing agents to
search more intensively. However, since the planner does not observe the search intensity of
the agents, this can only be done by increasing the difference between the promised values
of becoming employed and the promised values of continuing to be unemployed. That is,
the social planner needs to punish the agents by reducing the amount of insurance that they
receive. Since agents are risk-averse and the social planner cares about the welfare of its
agents, the planner decides to generate a lower aggregate employment level (and with it,
lower capital, investment, and output) than in the economy with full information. Despite
this, the planner needs to tolerate significant consequences for the amount of consumption
heterogeneity: While everybody consumes the same amount in the economy with full infor-
mation (since they are fully insured), the standard deviation of log consumption becomes

8.3% in the economy with private information.

22Because the steady-state Euler equation holds in both economies, the effects on employment, capital,

investment, consumption, and output must be the same.
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6 Business cycle dynamics

In this section I reintroduce the aggregate productivity shocks and analyze the resulting busi-
ness cycle dynamics. In order to evaluate the role of the information frictions in determining
this type of dynamics, I compare the business cycles of the economies with private informa-
tion and public information. This is done in Figures 4.A through 4.D, which show impulse
responses of aggregate employment, output, consumption, and investment, respectively, to
a one standard deviation increase in aggregate productivity. The red lines report impulse
responses for the economy with private information, while the blue lines report them for the
economy with full information. We see that the information frictions play no important role
in business cycle dynamics: The impulse responses of all variables are roughly the same in
both economies. This is a surprising result, especially after having established that the infor-
mation frictions play a significant role in steady-state dynamics. However, the intuition for
it is quite simple. When a positive productivity shock hits the economy, the planner wants
to get people out of unemployment quickly; however, because the search intensity of agents
is private information, the planner can only do this by increasing the difference between
the promised values of becoming employed and continuing to be unemployed, reducing the
amount of insurance provided. Since agents are risk averse, this would be a reason for the
social planner not to increase aggregate employment as much as in the economy with full
information. However, the welfare losses from providing lower insurance during a boom are
compensated by the welfare gains from providing more insurance during a recession. At a
first-order approximation, these welfare losses and gains cancel out perfectly and the planner
decides to adjust aggregate employment as much as in the economy with full information.
I now investigate the implications of the private information for the optimal amount of
inequality over the business cycle. I focus on the cross-sectional variances of two variables:
log-consumption and promised values. In order to gain a better picture of their behavior I
consider two groups of agents—the employed and the unemployed—and decompose the total
variance of each variable into a within-groups variance and a between-groups variance. 1|
further decompose the within-groups variance into the variance of employed agents and the

variance of unemployed agents. More specifically, for each variable x considered, I decompose
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the total cross-sectional variance o2 into the following terms:
2 2 2 2
0y = Htaet + (1 - Ht) Oyt + Obetween,t

where H; is the fraction of the population that is employed, o2 is the variance of x within

employed agents, 02, is the variance of x within unemployed agents,
2 _ —\2 _ _\2
Obetween,t — Ht ($et - xt) + (1 - Ht) (xut - th> s

and T, Ty, and Z; are the mean value of x within employed agents, within unemployed
agents, and in the total population, respectively.

Figure 5.A shows the impulse responses of o2, 02, o2

2 .
w and oo, for the logarithm

of consumption. These variances are depicted in levels to show their relative importance.
We see that the variance between groups is always small and that the variance of employed
agents is larger than the variance of unemployed agents. The reason why the variance of
log-consumption levels is lower for unemployed agents than for employed agents is that un-
employed agents get compensated for having a significant variance in their search intensities.
Figure 5.B is similar to Figure 5.A, but for promised values. We see that the variance of
promised values between groups is again small, but now the variance of promised values
for unemployed agents exceeds the one for employed agents (reflecting that the variance in
promised values includes variability in search intensities).

The changes to the variances in Figures 5.A and 5.B turn out to be so small that they are
hardly noticeable in levels. In order to make these changes more transparent, Figures 6.A
and 6.B show them as percentage differences from their steady-state values (with a common
y-axis to facilitate comparisons). Figure 6.A shows that the variance of log-consumption
between groups decreases quite significantly during the first three years after the aggregate
shock hits the economy, but then stabilizes and starts to increase, surpassing its initial level
by the ninth year. The reason for the initial decrease is that in order to induce unemployed
agents to search more intensively, the planner needs to increase the differences between
the promised values of becoming employed and continuing to be unemployed. As a result,
while the average log-consumption levels of both groups increase with the aggregate shock,
the planner increases the average log-consumption of employed agents more than the average

log-consumption of unemployed agents. Since the steady-state average log-consumption level
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of employed agents is lower than for unemployed agents, this decreases the between-groups
variance.?® After aggregate employment reaches its peak the unemployed agents start to
decrease their search intensities, allowing the planner to start increasing the average log-
consumption level of unemployed agents relative to that of employed agents. Contrary to
the variance between groups, the variances of log-consumption within the groups of em-
ployed and unemployed agents are hardly affected. After a drop of 0.1% on impact, both
of these variances start to increase very slowly, reaching a total increase of 0.4% by the
tenth year after the aggregate productivity shock. The reason why the within group log-
consumption variances increase slowly is that the social planner chooses decision rules that
induce unemployed agents to search more early on and less later on, but this translates into
significantly more heterogeneity only when agents experience different idiosyncratic histories
(which, given the persistence of the labor market shocks, takes considerable time to realize).

Figure 6.B shows that the component of the variance of promised values most affected by
the aggregate productivity shock is the variance between groups. This variance increases on
impact because, while the average promised values of both groups increase with the positive
aggregate productivity shock, initially the average promised value to unemployed agents
increases much less because they are required to search more. Given that at the steady
state unemployed agents have a lower average promised value than employed agents, this
difference increases the between-groups variance.?* Subsequently, unemployed agents are
allowed to reduce their search intensities and, consequently, start to catch up to the increase
in the average promised value of employed agents (eventually surpassing this increase and

reducing the between-groups variance). The second largest proportionate effects in Figure

23The reason why the average log-consumption level is lower for employed agents than for unemployed
agents is straightforward: To the right of the zero-search threshold employed agents escape their state at
the exogenous separation rate, but unemployed agents get absorbed into it (effectively retiring from the
labor force). Because the resulting mass of agents to the right of the zero-search threshold is larger for the
unemployed than for the employed, because both groups of agents consume the same in that region, and
because consumption levels are the largest in that region, the average log-consumption level ends up being

higher for unemployed agents than for employed agents.

24The steady-state differences in the average promised values of both groups is dominated by the fact that

unemployed agents have to search while employed agents don’t.
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6.B correspond to the variance of promised values of unemployed agents. We see that this
variance decreases 1% on impact. The reason is that, because promised values can be made
contingent on the realization of the aggregate shock, the social planner decides to compress
the unemployed agents’ distribution before providing them with more incentives to search.?
After the initial period, the variance of promised values of unemployed agents increases as
the promised values of those who do not find employment start to drift down quickly early
on (when the search intensities increase) and as the promised value of agents who become
unemployed later on (when the search intensities decrease) become relatively larger. Ten
years after the aggregate productivity shock has hit the economy, the variance of promised
values to unemployed workers is 4.5% above its initial level. The smallest proportionate
effects in Figure 6.B correspond to the variance of promised values to employed agents.
Given that these promised values are state-contingent, the planner also decides to decrease
their dispersion on impact in anticipation that some of these agents will be transiting to
unemployment in the near future (when they will be receiving less insurance). However,
the impact effect is small: It decreases only by 0.3%. After the initial period, the variance
of promised values to employed agents starts to increase slowly as the variance of their
log-consumption levels goes up. By the tenth year after the initial shock, the variance of
promised values to employed agents has become slightly higher than its initial steady-state
level.

In order to complete the analysis of the optimal provision of unemployment insurance
over the business cycle I evaluate the behavior of consumption replacement ratios. To this
end I perform the following experiment. I consider two agents, named E and U, who were
both employed the period before the aggregate shock hit the economy (i.e., period 0 in
Figures 4-6). Moreover, I assume that in that period both agents had identical promised
values given by the steady-state average promised value of employed agents. Once the
aggregate productivity shock hits the economy, the employment histories of both agents
start to diverge. In particular, agent E remains continuously employed, while agent U

becomes unemployed in period 1. In what follows I will compare the consumption levels

25This is also the reason why the variance of log-consumption within unemployed agents slightly decreases

on impact in Figure 6.A.

23



of both agents under different possible reemployment scenarios for agent U. The gray line
in Figure 7 reports the consumption level of agent U relative to agent E assuming that U
remains continuously unemployed during the following ten years. We see that the first period
that agent U becomes unemployed they receive a consumption replacement ratio of 100%.
However, this replacement ratio drops to 95% after five years of unemployment and to 76%
after ten years. While 76% is a low replacement ratio, it is important to keep in mind that
the ex-ante probability of agent U reaching ten years of continuous unemployment is rather
small: only 1.1%. The gold line in Figure 7 shows the consumption replacement ratio of
agent U during the initial period of time when they become reemployed. This replacement
ratio is shown for each possible period of reemployment after becoming unemployed in period
1. We see that if agent U becomes reemployed after only one period, they receive an initial
consumption level that is 4% higher than agent E’s. If agent U’s reemployment occurs five
years after becoming unemployed they receive roughly the same consumption level as agent
E. However, if agent U’s reemployment happens ten years after becoming unemployed they
consume only 85% as much.

While the previous consumption replacement ratios were calculated after the economy
received a positive aggregate productivity shock, it is important to compare them with the
replacement ratios that are obtained in the absence of an aggregate shock (i.e., at the deter-
ministic steady state). The reason is that this will provide information of how the optimal
replacement ratios should change over the business cycle. This is done in Figure 7, where
the blue line reports consumption replacement ratios while continuing to be unemployed
and the orange line does the same after reemployment, both under the assumption that
the aggregate productivity level z; stays at zero. We see that both lines are almost com-
pletely hidden by the corresponding lines obtained under the aggregate productivity shock
(only after seven years do the lines become somewhat distinct). We conclude that optimal
consumption replacement ratios are approximately independent of the state of the business

cycle.
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7 Conclusions

In this paper I evaluated how the presence of moral hazard in unemployment insurance
may affect optimal aggregate dynamics. To this end I embedded the Hopenhayn-Nicolini
optimal unemployment insurance model into an RBC model with search frictions and solved
the associated mechanism design problem. I found that private information in the search
intensities of agents has large effects on the optimal steady-state dynamics of the model,
decreasing employment, consumption, investment, and output by 2.4%. However, the effects
on the optimal aggregate business cycle fluctuations are negligible. In terms of the design of
the optimal unemployment insurance system, I found that optimal consumption replacement
ratios are roughly independent of the state of the business cycle. Moreover, the cross-sectional
variability of log consumption levels is roughly constant over time.

For simplicity’s sake, I considered a version of the Hopenhayn-Nicolini unemployment in-
surance model in which all separations from the production island were due to an exogenous
separation shock. As a consequence, agents were fully insured when they became unem-
ployed and their subsequent consumption levels did not depend on the length of their last
employment spell. However, if agents suffered disutility from work and the social planner
could not distinguish between layoffs and quits, agents may want to separate opportunis-
tically in order to collect generous unemployment insurance. In this scenario the optimal
unemployment insurance system would not fully insure workers when they become unem-
ployed and the benefits received would depend on the length of their last employment spell.
Hopenhayn and Nicolini (2009) have already considered this realistic case within a principal
agent setting, and it would be extremely interesting and perfectly feasible to incorporate it
to an RBC model following what’s been described in this paper. Such an extension is left
for future research.

In this paper I compared the optimal allocation of an economy with private information
with its optimal allocation under public information. While this allowed me to isolate the
effects of the private information, it would be useful to compare the economy with private
information with other benchmarks. In particular, comparing it with an economy with
realistic financial markets and labor market policies would help determine how far actual

economies may be from their constrained social optima. This is also left for future research.
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Table 1
Steady state effects

Information Y C I H K  o(lnc)
Public 100.0 100.0 100.0 100.0 100.0 0.0
Private 976 976 976 976 976 0.083
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Figure 1: Job finding probabilities and promised values
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Figure 2: Log consumption levels and changes

A. Log consumption

i I zero search
/ m full search
1 u_ou
4 —|_O€
-35.0 -305 -25.5 -20.5 -15.5 -10.5 -5.5 0.5 4.5 9.0
promised values
B. Log consumption changes on transition
7 N zero search
] mmm full search
i e 15
1 —FU
- //—’" UV
UE
350 -320 -290 -260 -230 -200 -170 -140 -11.0 -80 -50 -20 10 40 7.0

promised values

31



0.00

0.08

0.02

0.00

-35.0

-35.0

-31.4

-31.4

Figure 3: Invariant distributions
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Figure 4: Impulse responses
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Figure 5: Variances of log consumption and promised values (levels)
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Figure 6: Variances of log consumption and promised values (% deviations from trend)
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