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Abstract

This thesis consists of three chapters that investigate the importance of frictions
in insurance and labour markets and their effects on macroeconomic outcomes. It
asks how the behavior of aggregate employment and unemployment are affected,
or the behavior of a planner who sets benefits to maximize welfare, when agents
possess a number of risk sharing opportunities and luck in the labour market is
the principal component of idiosyncratic risks.

Chapter one deals with the technical aspects of this question. I introduce wealth
accumulation in a battery of familiar search models and explore the implications
for wages, allocations and the amount of risk sharing that firms can provide to

their workforce.

The second chapter investigates how the government should optimally set
unemployment benefits depending on the range of private insurance opportunities
in the economy. I consider a class of models that feature heterogeneous agents
and wealth accumulation and contrast their properties with another where firms
can provide additional insurance to their workforce. I show that the role of public

policy is substantially different between the two economies.

The third chapter is joint work with Jochen Mankart. We consider another
margin of insurance, namely family self insurance, whereby household members
can adjust jointly their labour supply to insure against income losses. We
investigate how this feature can affect the cyclical behavior of key labour market
statistics. In the US data we find that insurance within the family is important
in explaining why the labour force is acyclical and not volatile but when we turn
to the model we get the converse prediction. We then evaluate what important
additions need to be made to our framework to make the model consistent with
the data.
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Preface

Throughout their working lives, economic agents face a considerable amount of
idiosyncratic earnings uncertainty. They dislike these risks and they are willing
to pay high premia to avoid them, but the insurance opportunities that are
available through markets are far from perfect. Understanding how uncertainty
and incomplete insurance markets shape economic outcomes is the main goal of
this thesis. It assigns a very precise interpretation to the background economic
risks and presents agents with a well defined array of opportunities to insure

against them.

In the three chapters that compose this work, unemployment is the principal
component of income losses; agents enjoy a higher income when they are working
but they are constantly faced with a probability that they will loose their job.
When they become unemployed they have to confront the frictions in the labour
market that make the length of their spell uncertain. Against these risks they
possess a number of insurance margins; they can accumulate assets to buffer
shocks in labour income or they can rely on the government and their employers
for transfers, but they can also be part of a family whose members adjust their
labour supplies jointly. How these insurance arrangements affect the behavior
of agents in frictional labour markets and how they translate into aggregate

outcomes is focal point of this work.

Chapter 1 deals with some of the technical aspects of this venture. It builds on
the observation that many influential models of search in the labour market assign
a secondary role to risks; they rely on environments that are populated by risk
neutral agents, and I introduce wealth accumulation and risk aversion to these
models. I characterize allocations under two important arrangements; in one firms
can sign long term contracts with their workforce subject to limited commitment
and in another allocations have to be re-bargained each period according to a
Nash sharing rule. I also present two general equilibrium frameworks to close
these models. Depending on the scope of commitment, of the firm and the worker,
allocations can entail much more risk sharing in some economies than others (in

particular more risk sharing when commitment is abundant). I then ask whether
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the role of public policy differs along this dimension, and I find that differences in
the range of private insurance opportunities present the planner with substantially
different tradeoffs.

Chapter 2 takes a closer look to this last implication. It investigates how
the government should devise its Ul scheme to minimize the interference with
private markets. I consider two economies: In the first one agents can do no
better than to accumulate wealth during employment and in the second firms
can provide additional insurance to their workforce. This is again comes in the
form of contracts with limited commitment although in this context I reinterpret
the arrangement to show that it can summarize other realistic insurance margins
such as severance payments. Public policy can crowd out private markets in both
economies but I find that the optimal level of benefits is much smaller in the
second case than in the first. Further on, with firm insurance the optimal UI |
scheme doesn’t have the typical shape; optimal payments in this economy should
increase in the duration of an unemployment spell. To the extent that models
of heterogeneous agents have been used to evaluate the welfare implications of
public policy, the results of this chapter call for a more detailed account of the

risk sharing opportunities in private markets.

Chapter 3 is the product of joint work with Jochen Mankart. We contrast the
implications for the aggregate labour market of economies with realistic frictions,
heterogenous agents and wealth accumulation and pay particular attention to
the structure of the household unit. In one case we use the standard incomplete
market model of bachelors households and in another we introduce couples of
two ex ante identical agents that form search, labour supply and consumption
decisions jointly. We use the model to investigate whether joint insurance within
the family can explain the low procyclicality of the US labour force simultaneously
with the suggestive business cycle correlations of other labour market statistics.
Using samples of married couples from the CPS we show that joint insurance is
an important feature of the US data, but our models are unable to capture it.
We then go on to investigate what important additions need to be made to the

baseline framework to reconcile the model with the data.
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1 On the Joint Modeling of Incomplete Asset and Labour Markets
1.1 Introduction

Modern economic theory has become increasingly assertive of the fact that
economic agents face a considerable amount of earnings uncertainty throughout
their working lives, and that the insurance opportunities against these risks
available to them are limited. A large body of work has tried to make sense of the
large cross sectional dispersion of wage outcomes experienced by the economy’s
workforce, predominantly by viewing as central the notion that search and luck
components in the labour market are important !, and another voluminous
literature has relied on estimations of the idiosyncratic earnings processes to
assess the welfare implications of the lack of insurance markets and those of

redistributive policies. 2

It seems however that there are very few formal
connections between these two attempts. For instance modern micro theories of
the labour market have had an enormous amount of success in matching the cross
sectional distribution of wages (see Postel-Vinay and Robin (2002, 2005), Postel
Vinay and Turon (2009)), by developing complicated economic environments
only to colonize them with risk neutral agents, and quantitative models with
heterogeneous agents and wealth accumulation have remained largely agnostic

about the sources of risk that economic agents face over their lifetimes.

This chapter embraces the idea that the two frictions, in asset and labour
markets should not be viewed in isolation but rather modeled jointly and presents
an exhaustive account of their interactions. The aim is to develop a theory of
wages in environments where active matches entail the existence of rents, and
workers and firms can transfer resources intertemporally through the accumulation
of assets. With very few exceptions up to date, search theoretic models that
allow for these ingredients (see Lise (2007), Alvarez and Veracierto (2001)) have
assumed that wage profiles remain constant throughout the life of the match. In
contrast one of the focal points of this chapter is that the sharing of rents that
accrue to active matches must be optimal in some sense, and that ’optimal wages’
need not be fixed. Firms can rearrange the timing of payments in such a way so
as to encourage the accumulation of assets and thus provide insurance against
unemployment even in the absence of any other formal instruments. Another
possibility (see Krusell et al (2007), Bils et al (2009(a), 2009(b)) is to assume that
match rents are bargained for period by period say through a Nash protocol. Here

Nash solutions are shown to be a special case of the firm’s general contracting

1See Eckstein and Van Den Berg (2005) for a survey.
2See Heathcote et al (2009) for a survey.
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1.1 Introduction

problem, one that requires that optimal policies be time consistent.

Section 1.2 explores these ideas in depth. I set up a simple matching model
where job opportunities arrive to unemployed job seekers at a constant rate and
matches are heterogeneous in productivity. These ingredients form a theory of
search, matching and bargaining with assets that derives from the work Mortensen
and Pissarides (1994) and off course the relevance of the latter framework for
quantitative macro cannot be overstated. To develop the concept of ’optimal
wages’ recursive representations of the firm’s Pareto program are written whereby
in the constraint set, the ability of the firm and the worker to commit to policy
rules that dictate allocations at various horizons is included. There are three
possibilities; first, in section 1.2.2, I consider an ex ante Pareto optimal program
with enforceable contracts. Then I refine this concept to require that allocations
satisfy participation by the firm and the worker at all future dates in section
1.2.3. Finally, section 1.2.4, describes a model with lack of commitment and per

period bargaining.

All of these arrangements appear to be important in the relevant literature.
For instance Rudanko (2008, 2009) uses commitment contracts to investigate how
risk sharing between workers and firms affects the business cycle properties of
aggregate wages, vacancies and unemployment (her model however doesn’t have
self insurance) and similarly Nash bargaining has been a primitive assumption
for labour market models since the seminal work of Pissarides (1985). But with
very few exceptions (namely the recent of work of Krusell et al (2007) and Bils
et al (2009(a), (2009(b))) these models that explain the sources of idiosyncratic
risks, feature too few private insurance opportunities for the economy’s workforce
and this is the gap that this chapter aims to bridge.

More substantively section 1.3 attempts to incorporate the analysis into a
general equilibrium framework whereby distributions of wealth and wages and the
contact rates between vacant jobs and job seekers are endogenously determined.
It does so by relying on two equilibrium concepts: The first in section 1.3.1 builds
on the directed search model of Moen (1997) and Acemoglu and Shimer (1999)
to develop a notion of the equilibrium whereby firms post contracts and workers
channel their search to the most profitable direction. The main task here is to
characterize the equilibrium set of contracts and show that its a manageable
object, thus making the model suitable for quantitative macro work. The second
(section 1.3.2) is an undirected search equilibrium similar to the models of Krusell
et al (2007) and Bils et al (2009(a), 2009(b)). In this case my work extends
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1 On the Joint Modeling of Incomplete Asset and Labour Markets

previous attempts by adding the notion that firms can commit to long term

allocations with their workforce.

To put this theory at work I setup a simple optimal policy problem: A bene-
volent social planner chooses the level of non-employment income and levies taxes
on the firm’s output subject to budget balance each period. The finding here
is that optimal policy prescriptions differ markedly depending on the contract
offered to employed workers in the economy. I argue that many of the conclusions
for optimal policy drawn from models with search and self insurance (see Alvarez
and Veracierto (2001)) may have been misguided by the fact that the impact of
wages on risk sharing opportunities has not been properly accounted for. Section
1.4 concludes. The Appendix (in section 1.5) contains a number of derivations
extensions and numerical algorithms for the models of this chapter.
 The t'he'ory p‘re‘serite.d in this éhéptér is in itself a.co-rlt‘ribﬁtioﬁ, in that it brings
together incomplete insurance markets and a battery of familiar models of search.
It is aimed to help researchers setup models with realistic heterogeneity where
search frictions play a central role in labour market outcomes and which can be
used in evaluations of optimal policy (this is a task that I take up seriously in
chapter 2 of this thesis), or more generally to explore the aggregate implications of
heterogeneity in individual labour supply rules. Both this and the next chapters
can be viewed as complementary to this attempt.

1.2 The Model

I consider a labour market populated by a continuum of infinitely lived workers

and entrepreneurs of equal but irrelevant measure. Workers are strictly risk

averse, derive utility from the consumption of a general multipurpose good and

discount the future at rate [; entrepreneurs on the other hand are risk neutral
1

and discount future cash flows at rate 5

At any point in time a fraction e of the economy’s workforce will be employed,
matched with entrepreneurs in a joint production project, and the remaining
u workers are unemployed and waiting for a suitable matching opportunity to
arrive. In employment a worker-entrepreneur pair produce ze units of output
per unit of labour, where z is the aggregate component of labour productivity

and € is a match specific (idiosyncratic) component that derives from a general
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1.2 The Model

probability distribution F,. The latter is assumed to remain constant throughout
the life of the match.

Unemployed workers produce a flow value of income b per unit of time and
meet a potential trading partner (entrepreneur) at a constant rate p each period.
I assume that workers have access to incomplete financial markets and can only
borrow up to exogenous (ad hoc) limit @ to finance consumption. Let r denote

the rate of return on savings and assume that: r < R < % and r < %3.

Applying standard arguments we can represent the unemployed worker’s dyna-

mic programming problem as:

Ulas) = max u(c;) + B8 (1 —p) Ulazy1) +B8p /max{U(at+1)a W(ats1,€)} d Fe
(1.2.1)

~ Subject to the constraint set:

Q41 2 a Aiyp1 = r(at + b— Ct) (122)

In the notation U(a;) is the lifetime utility of an unemployed worker with wealth
a; in the current period and W(a:41,€) denotes her expected utility conditional
on the event of meeting an entrepreneur next period in the market. The pair,
upon the arrival of the job opportunity, draw a match specific value € and then
decide whether or not to give up search and form a productive match. To make
matters simpler assume that the joint surplus of the match is strictly positive
for every e in the support of F, that is to say in what follows I always assume
that max{U(a+1), W(as+1,€)} = W(ass1,€) Ve. Furtheron, to introduce an
outflow from employment into unemployment, assume that existing partnerships
terminate exogenously at rate s each period. These properties (no reservation
wage and exogenous separations) are not at all restrictive for the analysis that
follows.

1.2.1 The General Contracting Problem

When they meet, the worker entrepreneur pair draw a value for the match specific

productivity €, and an allocation rule of the form W(a, €) (that is an object that

3 Assumption r < % is necessary to have a well defined equilibrium in this class of models
(that is to guarantee that savings do not diverge).
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1 On the Joint Modeling of Incomplete Asset and Labour Markets

I scrutinize below) gives the share of the surplus that accrues to each party. What
happens after this initial assignment is the focal point of this section. I argue that
firms and workers will rearrange payments over the life of the match in a manner
that is Pareto optimal, and generally this requires to fix the value W(a,€) and
choose a sequence of allocations that maximize the firm’s profit stream. With this
notion of equilibrium the analysis writes recursive representations of the firm’s
program where in the constraint set, the ability of the worker and the firm to

commit to policy rules that dictate allocations at various horizons is included.

I distinguish between the following cases: In section 1.2.2 I assume that contracts
in this economy are enforceable and that both the principal (firm) and the worker
have sufficient commitment to adhere to date zero optimal policies. I refer to this
program as the full commitment first best solution and generally I treat it as a
benchmark relative to which more realistic alternatives are cbmpared. Section
1.2.3 refines the equilibrium concept, to require that efficient outcome paths
(the ones that solve the firm’s dynamic program) satisfy certain sustainability
conditions; namely that anywhere on the optimal contract both parties should
be weakly better off than in autarky (unemployment). Finally section 1.2.4
introduces the notion that optimal contracts must be time consistent, and relies
on a Markov perfect structure with Nash Bargaining to characterize optimal

allocations.

The scope of the firm’s and the worker’s commitment is shown to have profound
impact on the shape of the optimal compensation scheme. Generally with
commitment introducing wealth as a state variable makes possible (and optimal)
to transfer resources, in the first period, between the firm and the worker in
a manner that is most cases is shown to be time inconsistent. Markov perfect
contracts on the other hand induce a time invariant wage schedule as a function

of the agent’s wealth endowment.

There is a battery of results that I highlight. First an important issue is to
determine the extent to which the firm can rearrange payments in such as way,
so that allocations provide insurance against unemployment risks. The finding
here is that with commitment there are cases where the optimal contract features
complete insurance (and also wealth is a perfect substitute for any other form of
insurance) but without commitment this is no longer possible. Further on another
substantive theme that I pursue is whether asset contractibility (that is whether
the worker or the firm dictates optimal savings decisions) matters for the optimal

policies. This turns out to be the case for time consistent (Markov Perfect)
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1.2 The Model

contracts, but with commitment I show either theoretically or numerically that
this is not the case. Very few of these results can be established analytically
and instead I have to rely on numerical methods to discern something about
the optimal decision rules. The details of the algorithms are delegated to the
Appendix.

1.2.2 Full Commitment

Commitment programs are nothing but ex ante Pareto optimal allocations. They
involve maximizing the expected utility of one party, subject to the other party
getting at least the payoff that is prescribed when the contract is signed. For
instance here if W, is the agreed level of utility for the worker (under any some
' initial allocation Aruvle)‘ theh t'hé plarinér (ehtrépfeﬁeur) must choose a sequence
of transfers and wealth to deliver Wj to the worker in the most efficient (profit
maximizing) way. Further on these optimal policies define a sequence of payoffs
for the worker, and assume that at some generic point in time ¢ her expected
continuation utility under the allocation is given by W, and her outside option
(unemployment) by Uf(a;). There are two important points:

First the time paths for W; and U(a;) are inessential for the complete (full
commitment) contract analyzed in this section (but not for the other arrangements
studied in this chapter). That is to say the allocation here permits to have
W, < U(a;) for some t, since contracts are enforceable and participation need
not be satisfied and the same holds for the stream of profits that accrue to the

entrepreneur.

Second the economy studied in this section (and more generally all of the
models of this chapter) admits to a recursive representation; it allows us to take
any point in time ¢ and summarize the optimal allocation by the state variable
W;, the level of expected utility that the entrepreneur must deliver to the worker
from that point onwards. There are other inputs in the state vector (current
assets a; and the firm specific productivity €) but recursive representations mean
that optimal choices for the next period are time invariant functions of these

arguments.

Consider a firm that maximizes the present value of its profits II in a complete
contract. The per period payoff is the difference between the wage paid w; and
the labour productivity ze, and the match terminates at a rate s per period

1-s

so the effective discount factor for the firm equals “3*. The firm must choose
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1 On the Joint Modeling of Incomplete Asset and Labour Markets

current transfers w; (wages), next period’s wealth a;,; and a continuation payoff
W, that will be taken as given in the next period. These solve the following

functional equation:

1-—s
[I(W;,at,€) = max ze—wy+
Wit1,0e41,we R

H(M+1,at+1, 6) (123)

Subject to the constraint set:

(/\t) u(—at+1/r + a; + 'wt) + ﬂ(]. — S) Wt+1 + ,@S U(at+1) > I/Vt (124)

(xt) ag1>2@ - (1.2:5)

Added in parentheses are the multipliers on the constraints. Equation (1.2.4) is
the so called promise keeping constraint stating that the expected level of utility
delivered to the worker from the optimal contract must be weakly greater than
the promised value W;. Note that by varying the value of W; it is possible to
trace the entire frontier of utilities for the firm and the worker in the current

context. Equation 1.2.5 is the borrowing constraint on assets.

The policy rules for w; W41 and a4 define an implicit consumption sequence
that adds up to the payoff W; in expectation. Notice that, in the absence of
separations, this sequence could be financed solely by wages and indeed in this
case the risk sharing role of wealth becomes meaningless. But if s > 0 then
wealth is an important variable because it allows to (partially) control the agent’s
consumption when she becomes unemployed. Since the entrepreneur can control
this variable, the above program corresponds to a full commitment allocation
with contractible wealth. That is to say that the implications of this arrangement
could in principle be different to those of contract where the firm can only set

wages, and the worker makes optimal savings and investment decisions.

Optimality. Taking first order conditions with respect to W;,; , a;+1 and

w; we get:

Au'(e) =1 (1.2.6)
1-s

R

Mw,,, + MB(1—s) =0 (1.2.7)
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1 On the Joint Modeling of Incomplete Asset and Labour Markets
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1.2 The Model

1-s !
_— - T(ct) + ,BsAtUatH —x:=0 (1.2.8)

Along with the Envelope conditions: Iy, = —X; and II,;, = Mu/(¢) =1

These objects have a straightforward interpretation. For instance in equation
(1.2.6) the multiplier ) is the (relative) Pareto weight assigned to the worker
on the optimal program. Lowering wages by one unit entails a unitary marginal
utility benefit for the entrepreneur (due to risk neutrality) whilst the local cost
for the worker is given by u'(c;). Moreover equation (1.2.7) gives the law of
. motion of this weight over time. To see this make use of the envelope condition

for W, to derive a general recursion of the form:
Atv1 = BRX (1.2.9)

Finally equation (1.2.8) determines the optimal policy for asset accumulation in
the next period. Off corners (when x; =0 ) the firm equates the net marginal
cost of supplying an extra unit of savings ( I;Rs - % ) ¢ to the marginal benefit of
insuring the worker against unemployment next period whereby the allocation
takes into account the weight A; and the relative discounting of the firm and the

worker.

These conditions can go a long way towards characterizing some of the salient
features of the optimal allocation. For instance consider equation (1.2.9). It
is clear that differences in discounting ( in the sense R =71 < % ) make the
sequence of Pareto weights strictly decreasing over time and in the limit the
optimal allocation implies that the marginal utility of the worker will tend to
infinity (her consumption will tend to zero). Since wealth and wages are the
two instruments used to finance consumption in the current context this result

suggests that over time the values for these objects are decreasing.

Further on equation (1.2.8) determines the extent to which the optimal contract
provides sufficient insurance against the event of a job loss. To see this rearrange

(1.2.8) making use of the envelope conditions and the law of motion of marginal

4Note that by the envelope condition for a; the firms profit function is linear homogeneous in
wealth and thus )\t“—(rcil =1

T
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1 On the Joint Modeling of Incomplete Asset and Labour Markets

utility in (1.2.9) to get:

R U (ce,t + 1)

U (cy,t+1) =U,,,, = u(ce,t+ 1)+ (? -1) + Xt (1.2.10)

S

Where x; = F’f\i—s 5 and subscripts e and u denote the relevant quantities for

employed and unemployed workers respectively.

The following proposition summarizes the optimal provision of insurance in

first best full commitment contracts.

PROPOSITION 1.1 Consider the special case ™ = R: Then if a;+1 > @ the
worker is perfectly insured against unemployment (in the sense that u'(cy,t+1) =
- UW(ce,t+1) ). If agy1 =@ consumption rises when the agent becomes unemployed.
On the other hand with sufficient discounting r < R = % the agent is underinsured
almost everywhere on the optimal contract unless azy 1 = @ in which case it is
impossible to sign the difference in marginal utilities.

The result follows readily from equation (1.2.10) . It suggests that if the firm’s
discount rate is equal to the market interest rate (i.e. R = r ) assets are sufficient
to insure the agent against unemployment spells and indeed wealth in this case
can be shown to be a perfect substitute for any form of severance compensation.
With the same discount factor though (i.e. when R = —;— or more generally
when R > r ), this result no longer holds, because in this case the entrepreneur
has access to a technology that transfers resources intertemporally earning a
higher rate of return ( % > r ) than the riskless savings in the market. Under
such return dominance it is not uncommon for optimal allocations to feature an
extraction of the agent’s wealth endowment in the initial period and in general

for underinsurance to carry over in the entire optimal path.

Optimal Compensation. The implications of these results for optimal
compensation are shown in Figures 1.1 and 1.2; they trace wages in the first
(left axis) and second (right axis) period of the contract as a function of the
initial wealth endowment of a newly employed worker. The value of the firm
productivity is normalized to unity and the worker’s discount factor and the

5Note that if the constraint binds x; < 0 . This derivation makes use of the fact that
At+1U'(Cet+1) = 1 from the first order conditions in the next period.

24



1.2 The Model

market interest rate equal § = .995 and r = 1.0041. In both of these Figures
function W(a, €) (that determines the initial placement of workers on the Pareto
frontier) is a solution to the following Nash Bargaining program:

W(a,e) € argmax(W — U(a))"I(W, a, €)= (1.2.11)

where I set n=1/2.
Consider the case W(a,€) >> U(a) and R = r (Figure 1.1). If the worker

enjoys a capital gain from search (say if 1 > 0) then her consumption will rise
when she becomes employed and if (R is close to unity it will remain high for
several periods. The complete insurance result states that wages in the first
period must be high enough to finance the accumulation of assets, and in the
- next period wages will fall below produetivity and continue to fall as the expected

utility path is downward sloping in the optimal contract. ©

If on the other hand r < R = -;; (Figure 1.2) and capital gains are not
sufficiently high, then part of the agent’s wealth endowment is extracted in the
initial period, which could make wages negative, and this extraction is used to
finance higher wages permanently from period two onwards. As capital gains
increase the difference between period one and period two wages decreases.

These implications highlight the importance of the relative discounting as-
sumptions and of the timing of wages for the notion that active matches provide
insurance against unemployment. They seem to hold over a range of reasonable
calibrations for the model’s parameters. For instance in the limit when s — 0,
whereby the risk sharing role of assets becomes meaningless, it can be establi-
shed that whenever R > r wealth is zero everywhere on the optimal contract
(it is extracted in the initial period), whereas it becomes redundant whenever
R = r. In the latter case any form of contract including flat wage contracts can

be optimal 7. More generally higher values of s imply that insurance in the

51t is easy to argue that even if W(a,e) = U(a) and R = r the optimal path of wages is
front-loaded. To see this consider a constrained worker i.e. one that finds a job with an
initial endowment of wealth equal to @ and let without loss of generality @ = 0. For this
agent unemployment is equivalent to consuming b units each period. But when employed
the optimal allocation implies that eventually her consumption path will be driven below
b since marginal utility is increasing over time. To compensate for this the entrepreneur
must offer an initial level of consumption that is strictly greater than b, and coupled with
complete insurance it must be that a;+; > @. Such an accumulation of assets can only be
financed if wages are sufficiently high in the first period of the contract.

"From equation 1.2.8 it follows that when s — 0 then x; = }% - % where x; is the multiplier
on the borrowing constraint. When r < R the optimal policy is for wealth to be zero
anywhere on the optimal contract and hence it is extracted in the initial period.
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in Figure 1.1 can be reinterpreted as a simple wage and severance payment scheme.
This means that wages don’t have to be frontloaded if this feature seems rather

(empirically) unappealing. °

1.2.3 Limited Commitment

In the previous section I defined the nature of the interaction between the firm
and the worker as one where both parties can commit to a long term plan,
independent of the path of utlhty that it entalls In other words contracts were
| fully enforceable once signed at date zero. Here [ refine thls concept by requiring
that efficient outcome paths (the ones that solve the firm’s program) satisfy
certain sustainability conditions; namely that neither the principal nor the agent
must be strictly better off anywhere on the optimal contract, reneging on their

commitments and reverting to autarky (unemployment).

This requirement can a priori rule out certain aspects of the optimal allocation
under full commitment that were discussed in the previous section. For instance
when 7 = R < % it was shown that marginal utility tends to infinity in the
long run, but clearly such solutions are not admissible here since the worker can
always quit to become unemployed, in which case her consumption is bounded by
b. Or even in the case R = % I showed that under-investment in wealth could
mean that the firm’s profits become negative after the first period and in this

case, entrepreneurs would better off unmatched.

101n Chapter 2 I provide a general proof for a similar search model. Here consider the following
argument based on the first order conditions of the firm’s program when an additional
control variable (; (severance payment) is included. It can be shown that off corners
(when a;41 > @), optimality for wealth and severance compensation is determined by the
following equations:

1-s
R

1
- ; + AtﬁSUaH_l ((LH_]_ + Ct) =0 wrt at41

s
7T ABsUg (a1 + () =0 wrt ¢

Clearly when R > r the first condition is not satisfied and wealth is equal to zero (insurance
is provided only through severance payments). Severance payments in this case are equivalent
to the firm extracting the agents wealth endowment and investing it, earning a higher rate
of return (or otherwise allowing access to a superior storage technology). When R =r
the two equations are the same and since a;y; and (; enter additively in the utility the
optimal allocation is indeterminate.
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match is more valuable, and hence initial investments in wealth increase with this
parameter8. Similarly higher € (and higher 7) means that the worker commands
more gains from search under the initial allocation rule, and hence given the
insurance properties of the models, asset accumulation should be higher °. The

qualitative patterns of the Figures are preserved.

Finally note that some of the features of the optimal allocation in both cases
are not sustainable if either party can unilaterally revert to autarky at some point
in the future. The shaded regions in Figures 1.1 and 1.2 identify the locations
where the optimal contract makes either the entrepreneur or the worker better off
in unemployment than in the match. In Figure 1.1 all of this violation comes from
the side of the worker, since by front-loading wages in the first period, the firm
makes unemployment a less unattractive state (remember that in this case utility
~ for the worker falls over time). A similar intuition applies to the highlighted part
at the low end of the asset grid in Figure 1.2 but when wealth is high it is the
entrepreneur that must pay subsequent wages greater than productivity and hence
would rather renege on this commitment. The next section makes an explicit
reference to these ideas by introducing the notion that optimal contracts must be
self enforcing in the sense that at no point should they violate participation by
either the firm or the worker.

Noncontractible Assets. How are these results affected when the agent’s
control over her assets is restored? The answer is that for the first best contract
of this section the standard Euler equations are satisfied, and given her control
over transfers, the principal can implement the same allocations as an equilibrium
outcome in an environment with non contractible wealth. To see this formally
summarize the optimal allocation in the sequence {cf, c},.;, €} ;41 ,0741} and

in the following conditions:
u'(c}) = PR/ (¢} 441) (1.2.12)

: : R v(ci) | .
() = (Chen) + (- D2 + %, (1.2.13)

Then note that off corners ( x; = 0) if the agent were to depart from the optimal
savings schedule the marginal cost of doing so is u(c}) and the marginal benefit

8This is visible from equation (1.2.10) whereby a higher separation rate means that the wedge
between the unemployed and the employed worker’s consumption shrinks given r and R.
9 Again this can be read off equation (1.2.10).
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for next period is given by:

BQ — s)ru'(c;y1) + Bsru'(C) 141)

But notice that the later quantity equals:

Ful) (1= 8)+ = (su(e) + (% — Du(})) = ()

(a similar condition applies when the optimal contract features a;; = @.)

This result is very intuitive. It suggests that by making payments as erratic
as those shown Figures 1.1 and 1.2 the firm can induce the worker to save (or
dissave) to finance a smooth consumption path. For instance when R = r the
agent expects his income to fall between the first and the second period and her
optimal response is to accumulate precautionary savings to buffer consumption
against this drop. In the first best this motive turns out to yield the same optimal
investment for the worker, as the one that would be chosen by the firm if the
latter dictated allocations in the match. The following proposition summarizes
the result.

PROPOSITION 1.2 Optimal first best contracts are equivalent under contractible

and non contractible savings.

To conclude this section there are a few points that need to be clarified: First
complete insurance in the current context (whenever that obtains) should not
be misconstrued to imply that the worker’s consumption path is unaffected by
the risk of job separations. On the contrary when the job terminates, the worker
is beyond the reach of the firm and her consumption falls as an unemployment
spell progresses through standard wealth effects. It is only in the initial period
that sufficient wealth is stored to alleviate the risk of a drop in consumption.

Further on in this simple model insurance against unemployment is accompli-
shed through investments in assets and the timing of payments is central to the
notion that active matches provide insurance. It can be established though that
assets are a perfect substitute for other (more popular) forms of insurance such
as severance payments. I mentioned this earlier but it is important to repeat
here because it has the following implication for the timing of payments: If the
firm is given both margins of insurance then the optimality conditions cannot

uniquely determine the ratio investments, and in this case the wage profile shown

28



1.2 The Model

in Figure 1.1 can be reinterpreted as a simple wage and severance payment scheme.
This means that wages don’t have to be frontloaded if this feature seems rather

(empirically) unappealing. °

1.2.3 Limited Commitment

In the previous section I defined the nature of the interaction between the firm
and the worker as one where both parties can commit to a long term plan,
independent of the path of utlhty that it entalls In other words contracts were
| fully enforceable once signed at date zero. Here [ refine thls concept by requiring
that efficient outcome paths (the ones that solve the firm’s program) satisfy
certain sustainability conditions; namely that neither the principal nor the agent
must be strictly better off anywhere on the optimal contract, reneging on their

commitments and reverting to autarky (unemployment).

This requirement can a priori rule out certain aspects of the optimal allocation
under full commitment that were discussed in the previous section. For instance
when 7 = R < % it was shown that marginal utility tends to infinity in the
long run, but clearly such solutions are not admissible here since the worker can
always quit to become unemployed, in which case her consumption is bounded by
b. Or even in the case R = % I showed that under-investment in wealth could
mean that the firm’s profits become negative after the first period and in this

case, entrepreneurs would better off unmatched.

101n Chapter 2 I provide a general proof for a similar search model. Here consider the following
argument based on the first order conditions of the firm’s program when an additional
control variable (; (severance payment) is included. It can be shown that off corners
(when a;41 > @), optimality for wealth and severance compensation is determined by the
following equations:

1-s
R

1
- ; + AtﬁSUaH_l ((LH_]_ + Ct) =0 wrt at41

s
7T AfsUg (a1 + () =0 wrt ¢

Clearly when R > r the first condition is not satisfied and wealth is equal to zero (insurance
is provided only through severance payments). Severance payments in this case are equivalent
to the firm extracting the agents wealth endowment and investing it, earning a higher rate
of return (or otherwise allowing access to a superior storage technology). When R =r
the two equations are the same and since a;y; and (; enter additively in the utility the
optimal allocation is indeterminate.
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This type of arrangement also entails many more appealing features relative to
the first best contracts. For one thing wage profiles are not so extreme in the sense
that the differences between first and subsequent period wages are not as large
and this is consistent with the notion that empirically wages are very persistent.
On the other hand I argued previously that the optimal transfers shown in Figure
1.1 are the result of the particular insurance arrangement considered here and
that under alternative mechanisms one can get more realistic wage profiles out
of the model. Private risk sharing can be reinterpreted as a simple wage and
severance payment scheme and even for the limited commitment model of this

section it is possible to construct examples where this equivalence holds.

The self-enforcing contracts described in this section are rather common in the
related literature. In fact Thomas and Worall (1988) were the first to explore
' their implications in a labour market context and Rudanko (2008, 2009) uses
this model to investigate how risk sharing between workers and firms affects the
business cycle behavior of aggregate wages, vacancies and unemployment. This
work however doesn’t give to agents any self insurance opportunities through
assets and in a labour market with unemployment such an inclusion is important
since wealth can buffer the risk of a job loss. This at least was one of the central

implications of the model of the previous section.

To characterize policy rules in an environment where date zero contracts are
self enforcing, a dynamic programming procedure can be followed here similar
to the one defined in equations (1.2.3) to (1.2.5), the main difference being that
a set of forward looking sustainability constraints must be added to the firm’s
Pareto program (see Ligon et al (2000, 2002)). These are:

(Y1) Wisr 2 U(ag) (1.2.14)

(be41) TI(Wip1,a441,€) >0 (1.2.15)

Equation (1.2.14) imposes that investment in wealth must not be too high (or
future continuation utility too low) to make the worker better off in unemployment,
and equation (1.2.15) is the analogous participation constraint for the firm. Added

in the parentheses are the multipliers on these constraints.

The nature of these objects (that they are forward looking) entails a theoretical
difficulty in that they may not define a convex set, and establishing convergence

to a concave value function becomes a formidable task. The analysis that follows
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uses the optimality conditions to characterize some features of the optimal plan
but these require sufficiency which is impossible to prove. Nonetheless, in all the
simulations carried out in this and the next chapter I found that II is strictly
decreasing and concave in W;. The Appendix outlines the numerical procedure I

used.
Optimal Policies. The first order conditions for the optimum can be written
as:

1—s  Mule)
R

+ ABUsu 18+ Yer1Usypy — 41 =0 (1.2.16)

1—s
THW‘“ + AB(1 = 8) = Vo1 — der1llw,,, =0 (1.2.17)

Along with the Envelope conditions: Iy, = —\; And II,, = A\u/(c;) = 1

These equations have a similar interpretation to the analogous conditions
derived for the full commitment program the novel elements being the multipliers
on the constraints (1.2.14) and (1.2.15). This addition gives rise to the following
two interesting implications for the optimal contract:

First forwarding the envelope condition one period we can restate equation

(1.2.17) as:
AB(1 = 8) — Ve

- 1.2.18
F - b ( )

)\t+1 =

Remember that A; is the inverse of the marginal utility of consumption,
the Pareto weight attached to the worker’s utility from the planning problem.
Condition (1.2.18) then states that this weight is time varying, even if the firm
and the worker share the same discount factor. When the constraint on the
worker’s outside option binds, so that 7,1 < 0, the weight assigned to her jumps,
and consumption increases within the period, whilst if the principal needs to be
made better off in the future date, resources will shift from the worker to the

firm (since in this case @41 < 0).

It is clear that the limiting behavior of the sequence of multipliers defined in
(1.2.18) is substantially different from the analogous sequence in the first best
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contract. There the value of A; shrunk to zero whenever the worker discounted
the future more heavily than the entrepreneur but here the multipliers will adjust
to keep this stationary value strictly greater than zero. A similar argument can
be applied to the case R = %

The second interesting object is a modified Euler equation (whose derivation is
delegated to the Appendix). It can be shown that optimal savings in the current

context are governed by the following condition:

W(0) 2 AL = )1 (cons,) + 785U (Corn) + () (8 Cerne) — o crrne))
(1.2.19)
(With equality if a1 > 0)

The leading terms pertain to the familiar marginal benefit of an extra unit of
savings adjusted (through the inequality) for debt limit facing the agent. The
last term in (1.2.19) reveals the effect of the sustainability constraints on optimal
inter-temporal consumption choices whereby an extra unit of savings has a direct
effect on the allocation by affecting the magnitude of the multiplier ~;.;.

For instance consider the case 741 < 0 and 4'(ci41,4) — ©(ct41e) < 0. In
this case the optimal allocation dictates a rise in the weight \;;; next period
and hence a rise to the worker’s consumption. Should this rise be financed by
an increase in current savings then this would relax the constraint. To see this
note that, from the envelope condition of the unemployed worker’s program,
the marginal utility of consumption in unemployment in period t+1 ( u'(ct41,4))
equals the marginal valuation of an extra unit of savings in this state (ie U,,,,).
Increasing consumption next period financed through current savings implies that
the value of autarky (unemployment) rises less than the value of employment.
Hence the constraint is relaxed. The converse holds if «'(ciy14) — t/(cty1,e) > 0.

Further on it should also be clear from equation (1.2.19) that in an environment
of limited commitment the assumptions about asset contractibility are no longer
innocuous to the shape of the optimal paths. Generally these last terms in
equation (1.2.19) drive a wedge between marginal costs and benefits to an extra
unit of savings, though establishing the direction of the difference between desired
savings for the worker and optimal savings with contractible assets for the firm,
would require to sign the differences in marginal utilities and to know where

exactly the enforcement constraints bind. !! Instead one can rely on numerical

171t substantially harder to solve the firm’s program in recursive form when wealth is non-
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analysis to see whether departures from full commitment signal violations of
the standard Euler equation. I tend to find that such violations are minimal,
undistinguishable from numerical errors of an acceptable order of magnitude,
which suggests that including the Euler equation as an additional constraint
to the firm’s program would not affect the shape of the optimal compensation

scheme (see section 1.5.1 of the Appendix for further details).

Implications for wages. Figures 1.3 and 1.4 display the wage profiles in the
first and the second period of the optimal contract as a function of the wealth
endowment of the worker. As in Figure 1.1 when R = r wages are front-loaded
to provide insurance against unemployment through the accumulation of assets,
but the extent to which these initial transfers are possible is limited here by the
requirement that optimal contracts satisfy participation for both parties. Full and
limited commitment profiles differ most, precisely in the region where violations
of the worker’s participation constraint occur (i.e. the highlighted part of Figure
1.1).

On the other hand the bulk of the difference, between full and limited com-
1
57
There period one wages were extremely low to extract wealth initially in Figure

mitment profiles when R = 2, comes from the higher end of the grid of assets.
1.2, and for all subsequent periods they exceeded the marginal productivity of
the job. This path is off course no longer admissible.

Insurance properties with limited commitment. It is possible to show
that the optimal investment in wealth (when the borrowing constraint doesn’t
bind) is governed by the following optimality condition:

W (cy,t+1)

u/(ce, t+ 1) =1+ w(¢t+1,7t+1a Ty Ra 8) (1220)

contractible. The relevant state variable is no longer a promised level of utility but rather a
promised utility function of the form W, (a) which has to be endogenously determined along
with the optimal policies. Although it is theoretically feasible to characterize solutions in
this context an application of this theory would involve dealing with curse of dimensionality
issues. It is beyond the scope my analysis to attempt this. Alternatively one could use the
methodology developed by Marcet and Marimon (1997) that can handle Euler equations as
a additional constraint in programs with limited commitment. There are two reasons why I
don’t pursue this here. First in all the model simulations I tend to find that violations of
the Euler equation are minimal and indistinguishable from numerical errors of acceptable
tolerance. Second possible non-convexities introduced by the enforcement constraints may
actually throw off these calculations.
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Where:
Qar, €) € argmax(W — U(ay))" (W, a, €)™ (1.2.24)

®(ay, €) = (Qay, €), az, €) (1.2.25)

Equations (1.2.21) to (1.2.25) set the basis for an efficient algorithm of compu-
ting Markov equilibria in this context whereby the functional equation (1.2.21)
along with the unemployed worker’s program in (1.2.1) can be iterated to conver-
gence. Equation (1.2.23) is the analogous object to the promise keeping constraint
of the firm’s program under commitment. It requires that at least a level of
lifetime utility W; be delivered to the worker although in this case continuation
utility must be consistent with the equilibrium payoff Q(a¢;1,€). 3 Further on
the firm’s profit is defined in (1.2.25) after the requirement that W = Q(ay,¢€)
is imposed and the reason that the program is written this way (as opposed to
working with a functional equation for ®(a,¢€)) is that this formulation makes
clear how choices of wages and wealth need to be consistent with the Nash sharing
rule in (1.2.24).

This type of contract does not appear to be new in the literature. In fact
Krusell et al (2007) and Bils et al (2009(a) , 2009(b)) among others, build models
with search frictions in the labour market and incomplete insurance and assume
that rents are bargained for each period with a Nash protocol, but their approach
is very different from mine; they approximate the Nash sharing rule with an
invariant function w(a) and solve the worker’s optimal control program. Instead
I treat Markov perfect solutions as part of a more general contracting problem
and what this approach offers, is the possibility to incorporate additional features
in the analysis, such as other insurance margins, a choice of effort etc and hence

this formulation may prove useful in other contexts as well.

Optimal Policies. It can be shown that optimal choices of w; and a;yq

satisfy the following first order conditions :
/\tu'(ct) =1 (1226)

1-3s
R
13Notice that participation constraints need not be added to the program since solutions to

Nash sharing rule will always induce positive capital gains for both parties (so long as they
are defined).

1
AtB(sUq,,, + (1 — 5)Qg,,,) — o (1 - A419%,,,) <0 (1.2.27)
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1 1 1 v(cwt+1) 1
W(Peer Yerr, 7 Ry 8) = (5 — = - —
(ét+1, 141,75 R, 5) (r Rt1-, 1— s %H)Ts% R

Notice that when <41 = ¢;41 = 0 and 7 = R the term w(Per1, V41,7, R, S)
equals zero, and in this case perfect insurance obtains, as in a complete (full
commitment) contract. But when the worker’s participation constraint binds (in
which case 741 < 0) then the worker is underinsured (her consumption would
fall if she becomes unemployed) and the converse holds when the firm must be
made better off (hence when ¢;,; < 0).

To understand how these results relate to the optimal profiles shown in this
and the previous section notice that when R = r allocations entail an initial loan
from the firm to the worker and hence it seems that ¢;,; = 0 always holds in this
case. Then the only relevant constraint is on the worker’s participation and the
optimal contract could provide at most as much insurance against unemployment
as the full commitment allocation. In this case the ratio of marginal utilities
reduces to

wiewt+1) o vlewt+1l) R

S T L L M PV
u'(ce, t +1) ! 1-s %Hs_l

On the other hand when R > r both constraints could bind (although not
simultaneously) and when the firm needs to be made better off, the optimal
investment is higher than under full commitment (or the initial extraction of the
agent’s endowment is smaller). In this case the allocations provide more insurance
against unemployment than what is implied by the full commitment model.

1 1 1 R 1

u(cy, t+1)
et 1t <14 (Z_1)=
w'(ce,t +1) +(7" R+1—3)%_1i;s¢t+l— +(7" )5

1.2.4 Equilibria with Nash Bargaining

The maintained assumption in the versions of the model studied so far has been
that both parties (the worker and the firm) have sufficient commitment to adhere
to date zero optimal policies without ever renegotiating the optimal contract
no matter if such renegotiations are from the perspective of one of the parties
profitable. These commitments, were sustained by the threat of mutual reversion

to autarky if ever the terms of trade were to be violated; for instance if the
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Further on consider the case “at+i < 0. From the Nash rule it is easy to show
that Qatl —Ua+l < 0 (i.e. that the marginal increment from an extra unit
of wealth is higher for an unemployed that for an employed worker). Then off

corners rearranging equation ( 1.2.27) we reach the following expression:

Vifiatl = 1+ r*-g) (PrsUa+H (1 -

Equation (1.2.29) generalizes the underinsurance result for markov perfect
contracts. It states that whenever S$att ”~ 0 the term in the parenthesis is
positive and consumption falls as the agent becomes unemployed. 15 Whenever

8 a+l > 0 underinsurance is impossible to prove.

Finally from equation (1.2.27) it is possible to argue that differences in dis-
counting with markov perfect contracts have a minimal impact on the shape of
the optimal compensation scheme. To see this notice that even if R = ” and

s = 0 equation (1.2.27) could be consistent with a positive level of at+1 whereas

15This follows from the fact that: At+it/0t+H = >
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firm was to reset the agreement at some future date the implicit assumption

of the previous sections was that the worker would break the match to become
1

E:
optimally extracted part of the agent’s wealth endowment in the initial period

unemployed. There was such an opportunity in the case R = =, where the firm

and made unemployment a strictly inferior state to be in.

To throw off any profitable deviation of this form optimal contracts must be
signed every period or otherwise date zero policies must be time consistent and
this section introduces this notion by focusing on Markov perfect equilibria where
no history matters for the optimal policies, other than what is summarized in
the endowment of wealth that the agent holds. I assume that at any point in
time the optimal contract can be renegotiated and that the shares of the match
surplus that accrue to the firm and the worker are determined as the solution to

the familiar Nash sharing rule with respective weights 1 —n and 7.

Contrary to the commitment models of sections 1.2.2 and 1.2.3 this process
induces a time invariant wage schedule and equilibrium payoffs of the form Q(a, €)
and ®(a.,€) for workers and firms respectively. Optimal continuation policies
must conform with these objects in the sense that any expected utility path that
is inconsistent with €(ay, €) is not an equilibrium outcome. In turn for the firm
the payoff function (ay,€) gives pairs of current wages and wealth accumulation

that are consistent with Nash bargaining.

Value Functions. To see how the equilibrium in this economy can be compu-
ted consider an auxiliary program of a firm that must deliver a level of lifetime
utility W to the worker (not necessarily on the equilibrium path), and let
II(W, a4, €) be the associated profit function borne out of the optimal policies. In
the standard notation the firm’s program can be represented recursively as:

O(Wi,e,a;) = max _ze —wy + l—_sq)am’e (1.2.21)

Wt,at41>a R

Subject to 1%

Wi < u(—ap1 /7 + ac + we) + BsU (ae1) + B(1 — )41, €) (1.2.23)

121f savings decisions are non contractible, the firm’s dynamic programming problem must be
solved subject to the Euler equation as an additional constraint:

u'(¢t) > Br(sUa,,, + (1 — 8)Qa,,,) (1.2.22)
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Where:
Qar, €) € argmax(W — U(ay))" (W, a, €)™ (1.2.24)

®(ay, €) = H(Qay, €), az, €) (1.2.25)

Equations (1.2.21) to (1.2.25) set the basis for an efficient algorithm of compu-
ting Markov equilibria in this context whereby the functional equation (1.2.21)
along with the unemployed worker’s program in (1.2.1) can be iterated to conver-
gence. Equation (1.2.23) is the analogous object to the promise keeping constraint
of the firm’s program under commitment. It requires that at least a level of
lifetime utility W; be delivered to the worker although in this case continuation
utility must be consistent with the equilibrium payoff Q(a¢;1,€). ** Further on
the firm’s profit is defined in (1.2.25) after the requirement that W = Q(ay,¢€)
is imposed and the reason that the program is written this way (as opposed to
working with a functional equation for ®(a,¢€)) is that this formulation makes
clear how choices of wages and wealth need to be consistent with the Nash sharing
rule in (1.2.24).

This type of contract does not appear to be new in the literature. In fact
Krusell et al (2007) and Bils et al (2009(a) , 2009(b)) among others, build models
with search frictions in the labour market and incomplete insurance and assume
that rents are bargained for each period with a Nash protocol, but their approach
is very different from mine; they approximate the Nash sharing rule with an
invariant function w(a) and solve the worker’s optimal control program. Instead
I treat Markov perfect solutions as part of a more general contracting problem
and what this approach offers, is the possibility to incorporate additional features
in the analysis, such as other insurance margins, a choice of effort etc and hence

this formulation may prove useful in other contexts as well.

Optimal Policies. It can be shown that optimal choices of w; and a;yq

satisfy the following first order conditions :
/\tu'(ct) =1 (1226)

1-3s
R
13Notice that participation constraints need not be added to the program since solutions to

Nash sharing rule will always induce positive capital gains for both parties (so long as they
are defined).

1
AtB(sUq,,, + (1 — 5)Qg,,,) — o (1 - A419%,,,) <0 (1.2.27)
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FIGURE 1.6: CONSUMPTION LOSSES IN UNEMPLOYMENT

1.3 General Equilibrium

The analysis of the previous section carried out a general description of optimal
compensation schemes in various environments but they had nothing to say about
observable equilibrium outcomes whereby distributions of wealth and wages in
the economy are endogenously determined. Optimal wage patterns where shown
to vary with the agent’s endowment of wealth and can be shown to vary with
the productivity of the match, and thus the distribution of job seekers across
the relevant state space is important for drawing implications from the various
schemes. Further more and perhaps more substantively, contact rates between
firms and workers have been purposefully held fixed so far, but it is precisely these
objects that make the framework amenable to provide answers to an array of
economically interesting questions, be they related to optimal policy experiments

or to changes in aggregate conditions.

To address these concerns Sections 1.3.1 and 1.3.2 attem pt to close the model
by making these contact rates a function of the willingness of firms to create jobs
and of the workers to look for them by relying on two alternative equilibrium
concepts: The first ( in section 1.3.1 ) builds on the directed search model of

Moen (1997) and Acemoglu and Shimer (1999) to develop a notion of equilibrium
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(with strict equality if a;41 > 0).

Envelope: &, =1 — Af,,

These equations have a similar interpretation to the analogous objects under
commitment. An increment is wealth in equation (1.2.27 ) has two distinct effects
on the firm’s profits: it lowers required wages to finance a given consumption
stream, but also it increases the level of promised utility that the firm must
deliver to the worker (according to the derivative Q“m)' The latter effect would
tend to dominate the closer the wealth is to the bound @ since it is precisely

there that an increment in assets encounters the higher marginal utility gains.

To see how that is important rearrange equation (1.2.27) making use of the
envelope conditions to get the following Euler condition for the model with
Markov perfect contracts:

, l—sr
u (ct) 2 ﬂT(SUﬂt“ + (1 - S)Qat+l) + T/\—q)atﬂ (1'2'28)
t

Equation (1.2.28) sets the marginal cost of saving an extra unit today ( «'(c;)
equal to the standard life cycle theory marginal benefit ( r(sUs,,,, + (1 —5)Qq,,,))
and an extra term that pertains to the shape of the profit function. Should ®,,,,
be less than zero the marginal cost would be less than the marginal benefit and

the agent would be savings constrained. The converse holds if & > 0.

at+1

The difference between optimal (for the firm) and desired savings ( for the
worker) turns out to have a significant impact on the shape of the wage rule in
the current context. Figure 1.5 traces the optimal (time invariant) wage rules for
the cases of contractible and non-contractible wealth when the share of the firm
in the Nash protocol is set at 7 = 1/2. Violations of the Euler equation occur
when these policy rules diverge since the two programs are not equivalent in
this case, and a higher wage signals that the entrepreneur can control the agents
wealth since combinations of wages and assets must be consistent with the Nash
rule in all cases. When assets are near the borrowing constraint an increment in
wealth encounters the highest returns and it is precisely there that &, , <0

holds. Larger values of 7 make this distinction less and less relevant 4.

141n fact it is possible to show that the model with n = 1 (where the worker extracts all the
surplus from the job) features a flat wage contract equal to ze each period and that coupled
with incomplete markets and the unemployment risks the worker will have the standard
precautionary savings behavior. Notice that in that case @,,,, =0
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Further on consider the case “at+i < 0. From the Nash rule it is easy to show
that Qat+tl — Uattl < 0 (i.e. that the marginal increment from an extra unit
of wealth is higher for an unemployed that for an employed worker). Then off

corners rearranging equation ( 1.2.27) we reach the following expression:

V ifiattl = 1+ r*-g) (PrsUa+l+ (1 -

Equation (1.2.29) generalizes the underinsurance result for markov perfect
contracts. It states that whenever $at+ti ~ 0 the term in the parenthesis is
positive and consumption falls as the agent becomes unemployed. 15 W henever

8 at+tl > 0 underinsurance is impossible to prove.

Finally from equation (1.2.27) it is possible to argue that differences in dis-

counting with markov perfect contracts have a minimal impact on the shape of

the optimal compensation scheme. To see this notice that even if R = » and
s = 0 equation (1.2.27) could be consistent with a positive level of at+1 whereas
15This follows from the fact that: At+it/0t+ = >
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where firms post contracts and workers channel their search to the most profitable
direction. These contracts consist of a sequence of transfers from the firm to
the worker (a wage tenure profile essentially) and the implied rules for asset
accumulation. I establish that the equilibrium set of contracts can be summarized
in a sufficient statistic, the present discounted value of profits that accrue to
the entrepreneur, which I denote by J, and that they always place the firm
worker pair on the Pareto frontier of utility. Along this J dimension markets are
(possibly) segmented, and each segment attracts a group of workers that have
the same wealth endowment. With this, the equilibrium set becomes manageable
and computations can be extremely efficient. The second framework (section
1.3.2) is the standard search and matching model where a centralized undirected
algorithm brings together vacant jobs and job seekers. Although this approach
doesn’t appear to be new in the literature 6, the main contribution here is to
extend previous attempts by applying the notion that firms can commit to long

term payment plans with their workforce.

Rather than pursuing just a simple description of the recursive equilibria in
these economies I use the tools laid out to address a very relevant question. In
section 1.3.3 I set up a simple framework for optimal policy. I ask how would a
social planner choose the level of unemployment insurance b to maximize the
economy’s welfare when there are different contracting schemes at work. This
experiment is motivated by the finding of section 1.2 that commitment contracts
have considerably different implications for risk sharing than Markov Perfect
contracts under certain conditions. The results suggest that optimal policy should
account for the extent of these private insurance arrangements between workers

and firms.

1.3.1 Directed Search With Commitment

Consider the following generalization of the environment studied in section 1.2.3
of this chapter. To simplify assume that all firms have the same constant
level of productivity and that the population of searchers consists exclusively of
unemployed agents. The discount rate of workers is denoted by £ (assume that

there is a unit mass of these agents) and the analogous object for entrepreneurs

16Gee Krusell et al (2007), Bils et al (2009(a),2009(b))
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with commitment that was never the case). This is so because initial extractions
of the agent’s wealth holdings are not time consistent in the sense that after they
take place, the level of promised utility cannot exceed the one implied by the

bargaining problem (i.e. (0, ¢€)).

An ordering of insurance across the various schemes

As a general matter it is really difficult to go far in characterizing the optimal
allocations from the first order conditions for the models analyzed in the chapter.
It is also hard to discern an ordering between the limited commitment and the
markov perfect contracts in terms of the overall risk sharing that they entail. In
the absence of a general proof this can be done numerically though.

Figure 1.6 presents such an ordering for the baseline calibration of the economy
(see section 1.3.3 for details). It plots consumption losses suffered by an agent
whose job is destroyed as a function of her endowment of assets and this corres-
ponds to an imperfect measure of insurance provided by the two models. By
far more losses accumulate at high levels of wealth, for the limited commitment
contract with R = % since the optimal allocation was shown to feature an initial
extraction of the agent’s endowment and under-investment carried over in the
entire path. Markov perfect contracts on the other hand imply much lower risk
sharing when wealth is low. In that region both commitment solutions featured
some insurance. Finally from all these models the limited commitment contract

with R = r features the smallest consumption losses.

These results are more general for all the versions of the model in this and the
next chapter and they suggest that when firms and workers can commit, and
firms discount the future at the market interest rate 7, near complete insurance
against (short term) unemployment can obtain. A worker in this environment
doesn’t have to worry about her consumption dropping on impact during an
unemployment spell and faces considerably less risks than a worker that must rely
on precautionary savings (as in a Markov perfect context) to finance insurance.
In chapter 2 I reinterpret the limited commitment model as an arrangement
that summarizes other important forms of insurance that firms provide to their
workforce, such as severance payments. I exploit measures of consumption losses
for unemployed workers to argue that public policy (in particular unemployment

benefits) has a smaller importance in this economy.
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1.3 General Equilibrium

The analysis of the previous section carried out a general description of optimal
compensation schemes in various environments but they had nothing to say about
observable equilibrium outcomes whereby distributions of wealth and wages in
the economy are endogenously determined. Optimal wage patterns where shown
to vary with the agent’s endowment of wealth and can be shown to vary with
the productivity of the match, and thus the distribution of job seekers across
the relevant state space is important for drawing implications from the various
schemes. Further more and perhaps more substantively, contact rates between
firms and workers have been purposefully held fixed so far, but it is precisely these
objects that make the framework amenable to provide answers to an array of
economically interesting questions, be they related to optimal policy experiments

or to changes in aggregate conditions.

To address these concerns Sections 1.3.1 and 1.3.2 attem pt to close the model
by making these contact rates a function of the willingness of firms to create jobs
and of the workers to look for them by relying on two alternative equilibrium
concepts: The first ( in section 1.3.1 ) builds on the directed search model of

Moen (1997) and Acemoglu and Shimer (1999) to develop a notion of equilibrium
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Further on an unemployed worker’s optimal strategy is a choice ¢* such that:
o* € arg max f(0)W, + (1 — f(6,))U' (1.3.2)

where W, is the lifetime utility that the generic contract promises and U’ is (an
abbreviation of) the next period lifetime utility for the unemployed worker if she
fails to find a job.

This is a standard definition of the directed search equilibrium that appears
in many different contexts in related theoretical work. For instance Acemoglu
and Shimer (1999) consider an economy where firms make ex ante investments
in capital, and workers are risk averse and hold wealth, to show that the output
maximizing level of unemployment insurance is greater than zero. Their theoretical
results derive from a static version of this model, and in a dynamic context they
only allow for flat wage contracts. Further on Rudanko (2008, 2009) uses the
directed search equilibrium in an environment with commitment contracts, but
no assets, to describe the business cycle implications for the aggregate labour
market. My treatment here is much more general and shows how this model can
be used for quantitative macro work.

Computation. The above (informal) definition describes an equilibrium that
is computationally unmanageable (because the equilibrium set ¥* is infinite
dimensional) but there are ways to make it much more tractable by illustrating
that the firm’s expected profits J is a sufficient statistic for market clearing and
optimization in this economy. The following three steps summarize this argument:

STEP 1. Notice that given risk neutrality of entrepreneurs, from the zero profit
condition (1.3.1) it follows that for any two contracts o¢,¢’ € X* such that
J, = Jy potential entrants are indifferent and equation (1.3.1) traces a locus of
points that determines the tightness ratio as a function of the expected profits J

that accrue to the firm.

STEP 2. All contracts offered in equilibrium will place workers and firms on
the Pareto frontier of utility. To see this consider two contracts op,onp € X*
such that J,, = Jyy,. Contract op corresponds to a Pareto efficient allocation
where by definition the value of the worker is maximized subject to the firm’s
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where firms post contracts and workers channel their search to the most profitable
direction. These contracts consist of a sequence of transfers from the firm to
the worker (a wage tenure profile essentially) and the implied rules for asset
accumulation. I establish that the equilibrium set of contracts can be summarized
in a sufficient statistic, the present discounted value of profits that accrue to
the entrepreneur, which I denote by J, and that they always place the firm
worker pair on the Pareto frontier of utility. Along this J dimension markets are
(possibly) segmented, and each segment attracts a group of workers that have
the same wealth endowment. With this, the equilibrium set becomes manageable
and computations can be extremely efficient. The second framework (section
1.3.2) is the standard search and matching model where a centralized undirected
algorithm brings together vacant jobs and job seekers. Although this approach
doesn’t appear to be new in the literature 6, the main contribution here is to
extend previous attempts by applying the notion that firms can commit to long

term payment plans with their workforce.

Rather than pursuing just a simple description of the recursive equilibria in
these economies I use the tools laid out to address a very relevant question. In
section 1.3.3 I set up a simple framework for optimal policy. I ask how would a
social planner choose the level of unemployment insurance b to maximize the
economy’s welfare when there are different contracting schemes at work. This
experiment is motivated by the finding of section 1.2 that commitment contracts
have considerably different implications for risk sharing than Markov Perfect
contracts under certain conditions. The results suggest that optimal policy should
account for the extent of these private insurance arrangements between workers

and firms.

1.3.1 Directed Search With Commitment

Consider the following generalization of the environment studied in section 1.2.3
of this chapter. To simplify assume that all firms have the same constant
level of productivity and that the population of searchers consists exclusively of
unemployed agents. The discount rate of workers is denoted by £ (assume that

there is a unit mass of these agents) and the analogous object for entrepreneurs

16Gee Krusell et al (2007), Bils et al (2009(a),2009(b))
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by %. Financial markets are incomplete and workers can only borrow up to an

ad hoc limit @.

Firms and workers are brought together via search. At the beginning of each
period entrepreneurs open up vacant positions, and each vacancy advertises a
contract that consists of a sequence of payments from the firm to the worker.
Let o denote a generic contract and define ¥ to be the set of feasible contracts
in this economy. More precisely the latter is the collection of all contracts that

satisfy participation by firms and workers in the current context.

Unemployed workers observe the set of contracts offered by entrepreneurs and
channel their search to the most profitable direction. Each worker can only fill
one application per period but depending on the decisions of the population of
searchers there may be more competition for some jobs than others. Let 6, be
the ratio of vacant jobs (offering contract o) to unemployed applicants, which
is an index of the extent of this competition. The 2-tuple {o , 6,} defines a
submarket for this contract. I assume that the total number of matches that
occur in this submarket is governed by a technology of the form m(v,,u,). By
the standard properties of the matching function (CRTS and concave), any firm
in the sub-market for contract o has a vacancy filling rate equal to ¢(f,) and

every unemployed worker meets a firm at a rate f(f,).

What does an equilibrium look like in this economy? In a decentralized
equilibrium with undirected search the set of contracts X* is such that three
conditions are met !7: First firms choose the allocation ¢ to maximize their
profits. Second unemployed agents choose the contract to which they apply given
complete information about the structure of payoffs in the economy. Third there
is free entry (perfect competition among potential entrants) in the market, that
drives the expected profits off all entrepreneurs from the creation of vacancies to

Z€ero.

More formally let & be the per period cost associated with keeping a vacancy
open and denote by V, and J, the value of a vacant and a filled job respectively

for a generic contract in the equilibrium set. Then free entry requires:

Vo = ~6+ 54(0)(Jo ~ Vo) = 0 € = 2a(6)Js (1.3.1)

17See Moen (1997), Acemoglu and Shimer (1999) and Rudanko (2009) for further details.
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Further on an unemployed worker’s optimal strategy is a choice ¢* such that:
o* € arg max f(0)W, + (1 — f(6,))U' (1.3.2)

where W, is the lifetime utility that the generic contract promises and U’ is (an
abbreviation of) the next period lifetime utility for the unemployed worker if she
fails to find a job.

This is a standard definition of the directed search equilibrium that appears
in many different contexts in related theoretical work. For instance Acemoglu
and Shimer (1999) consider an economy where firms make ex ante investments
in capital, and workers are risk averse and hold wealth, to show that the output
maximizing level of unemployment insurance is greater than zero. Their theoretical
results derive from a static version of this model, and in a dynamic context they
only allow for flat wage contracts. Further on Rudanko (2008, 2009) uses the
directed search equilibrium in an environment with commitment contracts, but
no assets, to describe the business cycle implications for the aggregate labour
market. My treatment here is much more general and shows how this model can
be used for quantitative macro work.

Computation. The above (informal) definition describes an equilibrium that
is computationally unmanageable (because the equilibrium set ¥* is infinite
dimensional) but there are ways to make it much more tractable by illustrating
that the firm’s expected profits J is a sufficient statistic for market clearing and
optimization in this economy. The following three steps summarize this argument:

STEP 1. Notice that given risk neutrality of entrepreneurs, from the zero profit
condition (1.3.1) it follows that for any two contracts o¢,¢’ € X* such that
J, = Jy potential entrants are indifferent and equation (1.3.1) traces a locus of
points that determines the tightness ratio as a function of the expected profits J

that accrue to the firm.

STEP 2. All contracts offered in equilibrium will place workers and firms on
the Pareto frontier of utility. To see this consider two contracts op,onp € X*
such that J,, = Jyy,. Contract op corresponds to a Pareto efficient allocation
where by definition the value of the worker is maximized subject to the firm’s
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profit being equal to J,,. Contract oyp does not. Letting W,, and Wy,
denote the expected lifetime utilities of employed workers at date zero for these
two contracts it should be clear that W,, > W;,,. If this condition holds
with equality then allocation oyp is Pareto optimal. On the other hand if
W, > W, and both contracts are part of the equilibrium set then by the zero
profit condition (1.3.1) it must be that they encounter the same ratio of vacancies
to unemployed workers. But firms that offer oyxp can actually do much better,
since by increasing the worker’s utility (or offering an efficient allocation for that
matter), they can convince more workers to join the pool of searchers for that
particular contract. Thus equation (1.3.1) would fail to hold.

In turn efficient allocations are a solution to the following program:

W(at, Jt) = max U(Ct) + ,BU(GH.l)S + ﬂ(l - S)W(at+1, Jt+1) (133)

Jt41,at41,Wt

Subject to the constraint set:

are1 = 1(as +w; — ¢t) (1.3.4)
Jo=2—w + 1]—%3@+1 (1.3.5)
Jor >0 (1.3.6)
W(ats1, Je41) = Ulas1) (1.3.7)

STEP 3. For an unemployed agent given the iso-profit line for vacant jobs and
the payoff W (a4, J;) optimal policies are a solution to the following functional
equation:

U(a:) = o 0o, U(—% +a; +b) + B(1 — f(65))U(ass1) + Bf(05)W (at41, J)
) (1.3.8)

A few comments are in order here. First notice how these equations pose
the Pareto program by having the worker choose prices as opposed to the firm
choosing allocations as studied in section 1.2 of this chapter. This is a convenient
representation for the current context and doesn’t affect the optimal policies. The
worker can rearrange payments between the present and future to maximize her
utility while adhering to a promised value J; to be delivered to the firm, and
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equations (1.3.6) and (1.3.7) require that participation for both firms and workers
be satisfied on the optimal path.

Further on the solution to equation (1.3.8) is a time invariant policy rule J}
that defines a mapping from assets to the optimal choice of J. Under general
conditions this map can be shown to be monotonically decreasing in wealth and in
this case the equilibrium gives rise to an interesting form of market segmentation
whereby wealthier workers choose a lower J (higher wages) because they can
afford to wait in unemployment for better opportunities to come along. However,
this property is not necessary for the equilibrium to be well defined in the current
context.

Finally notice that since the equilibrium here is based on the assumption that
firms advertise a wage tenure profile to attract job applicants it is important that
there is sufficient commitment in the economy to adhere to the announced path.
With Markov perfect contracts say, either the firm or the worker would have the
incentive to re-bargain after all investments in search are made, and the only way
whereby payoffs are well defined in this economy is for firms to advertise different
values of the weight 7.

The Appendix generalizes this analysis to a model that features uncertainty
about match quality and describes a numerical procedure that makes computations
in the economy a near trivial task. The next paragraph defines the competitive
equilibrium in this economy.

Recursive Competitive Equilibrium

The stationary competitive equilibrium consists of a set of value functions
{U(a), Wia,1), V Hor workers and firms, a set of decision rules on asset holdings
and continuation values {ay, , 1), 34 (a)) Ju,(a,77} fOr employed and unemployed
agents and a decision rule J; defining optimal search policies of unemployed
workers as a function of assets. It also consists of a set of prices {r,w,s)} and

an invariant measure u of agents across assets and employment states such that;:
1) Free entry condition (2) V =0 — £ = fB.geJ holds VJ

2) Given R and f(6;) asset accumulation and optimal search rules are the
solution to the agent’s program.

3) Given optimal search rules J* and the stationary distribution of workers

across states, flows in and out of each segment are balanced. Define A to be a set
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on the asset grid with the property, J:., = J for some J. Also define the steady

state measure of unemployed in segment J: u7. The balance of flows requires:

2. X bwEent X @l f0r))

J a a’:a;’(a’J)eA a: a’=a;y(a)€A, a¢A

(inflow) be equal to:

uzf(07) + (1 - f(67)) > fa(a)

a: a’:ai"(a) ¢A,acA
(outflow).

4) Consistency: u is the invariant distribution generated by optimal decision
rules of households.

1.3.2 Undirected Search

This section uses a concept of equilibrium that is entirely different from the one
defined in section 1.3.1. There the set of contracts offered was such that the
equilibrium gave rise to an interesting form of market segmentation whereby
workers with a different endowment of wealth made different choices of J and
hence encountered job opportunities in the market at different rates each period.
Here job creation is the outcome of a centralized undirected algorithm, where
the locations of vacant jobs and the identities of job seekers are submitted each
period, and a common unemployment to employment transition rate (which I
denote by f(6)) applies to all workers in the economy.

I already said that this setup is not new in the related literature; Krusell et al
(2007) and Bils et al (2009(a), 2009(b)) build similar models where job creation
encounters matching frictions and workers can self insure against unemployment,
and use these to address how changes in aggregate productivity affect unemploy-
ment and vacancies in the labour market. My contribution here, besides of the
different focal point of my analysis, is to extend this previous work to a more

general framework that distinguishes between alternative contracting schemes.

I again assume that there is a unit mass of risk averse agents in the economy

and a continuum of firms (entrepreneurs) of irrelevant measure. The standard
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assumptions, parameters (discount rates and borrowing constraints) and techno-
logies are maintained here. At any point in time a fraction e of the economy’s
workforce are employed workers matched with firms in joint production, and the
remaining u workers are active job seekers in the labour market. There is also a

number v of available job opportunities.

Firms and workers are brought together via search which is a time consuming
activity. In particular the frictions that impede instantaneous transitions from
unemployment to employment are summarized in a technology of the form m,,
that gives the total number of matches as a function of these inputs. I assume
that the standard properties of the matching function (constant returns to scale,
increasing in both arguments and concave) apply. By these properties we can
denote the job finding rate for unemployed workers and the filling rate for vacant
jobs by f(0) = ﬂz_vl and ¢(0) = —MZ—”) respectively. In turn 6 = ? is an index

of competition (tightness) in the labour market.

Finally to describe the equilibrium in this economy I consider an environment
whereby match rents must be rebargained each period. The analysis can be easily
extended to include limited commitment contracts and in the Appendix I provide

a thorough description of the equilibrium in that case.

Value Functions In section 1.2.4 I established that in an economy with time
consistent contracts, payofls for firms and workers are of the form ®(a;, €) and
Q(ay, €) respectively. These are a solution to the following functional equations:

1—
[I(Wi,ai,€) = max  ze —wy + 8<I>(at+1, €) (1.3.9)

aty1>a,wt R

Subject to:

Wi < u(—ag1./R+ as + wy) + B(1 — 8)Qag41, €) + BsU(az41) (1.3.10)

Q(ay, €) € arg mua/tx(W —U(a;))"(II(W, as,€))'™  Nash Bargaining (1.3.11)
® (a4, €) = II(Qae, €),at,6)  Consistency (1.3.12)
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Equation 1.3.9 represents the firm’s dynamic programming problem where
expected utility W, is a state variable along with wealth and productivity. In
equilibrium it can only be that W; = Q(aq, €) (since no promise can be sustained
that is inconsistent with the Nash bargaining rule) and this is precisely the
requirement imposed by condition (1.3.12).

Further on the lifetime utility for an unemployed worker with a stock of wealth

a; in the current period solves:

Ulay) = Jax. u(—fracag1m+a;+0)+6f(0) | a1, €) dFe+B(1—f(0))U(ats1)
(1.3.13)

The solutions to the value function programs ( 1.3.9) and (1.3.13) give rise
to a set of optimal policy rules {aj, ¢y, 4} for employed and unemployed
workers respectively. In turn these policies induce a invariant measure p of agents
across assets, productivity and employment status which evolves according to

the following law of motion:

Mg =5 / . [ dulae)+ (1= ) / _, 4ml@ (1.3.14)

pL(AE) = (1— s/ / duea €) +f9/ / duy(a) dF, (1.3.15)
€eF €E Jal (a)EA

Forall AcCcA, EcCé&

Where are p.(a,€) and p,(a) are the marginal cdfs for employed and unem-
ployed workers and A and & denote the relevant state space of wealth and

productivity respectively.

Free Entry Condition. Just like in the equilibrium of section 1.3.1 job
creation in this economy needs to be consistent with the notion that prospective
entrants in the market make zero profits from vacant jobs. Letting & be the per
period cost of posting a vacancy and given the steady state measure p it must
be that:

duu( dpy(a) o
—t+ qQ//a,(a) %) gy Fe =0 (1.3.16)

49



1.3 General Equilibrium

Markov Perfect Contracts

-25

-30

-35
O o1 02 03 04 05 06 07 08
Unemployment Insurance

FIGURE 1.7: WELFARE CRITERION MARKOV PERFECT AND COMMITMENT
CONTRACTS

W here do these choices come from? There is a simple interpretation of
these results: First notice that in all economies higher values of b increase utility
for unemployed workers, but also imply higher taxes (and hence lower output) on
existing matches. This is so because given the number of unemployed workers
an economy that satisfies budget balance requires that: r = ~ and hence an
increase in b engineers a rise in required revenues for the government. Further
on given the level of search costs in the economy, a loss in the match surplus
associated with higher taxes, translates into lower desired job creation for firms,
and with fewer active jobs the tax burden on existing matches increases. For
all of the economies considered the response of the aggregate labour market to
changes in the level of benefits is similar; I find that a rise in b from .4 to .5
increases aggregate unemployment from the baseline value to .0788 and .0791 in

the undirected model with markov perfect and commitment contracts respectively.

But where these models seem to differ, is in the amount of risk sharing that
private partnerships between workers and firms entail. I previously summarized
this by looking at the consumption losses that the workers suffer when they
become unemployed. In this case, in the baseline calibration this statistic is

21% for the economy with markov perfect contracts and only 8% with optimal
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Recursive Competitive Equilibrium

The stationary competitive equilibrium consists of a set of value functions
{U(a),a, €), ®(a, €)}, and a set of decision rules on asset holdings {a, (4 ¢)» 3y, (o)}
for employed and unemployed agents and an invariant wage rule of the form w, .
It also consists of an index of labour market tightness # and an invariant measure

u of agents across assets, productivity and employment status such that:

1) Equilibrium payoffs solve the functional equations (1.3.13) and (1.3.9) and
optimal policies derive.

2)The invariant measure u is consistent: In particular the law of motion of
must be consistent with(1.3.14) and (1.3.15)

3) Equilibrium tightness 6 is consistent with the free entry condition (1.3.16)

1.3.3 Numerical Analysis: An Optimal Policy Experiment

Section 1.2 of this chapter highlighted the important role of the timing of wages in
providing insurance against unemployment risks by encouraging the accumulation
of assets. In this context commitment contracts were shown to feature considerably
more insurance than markov perfect contracts and in some cases (with appropriate
discounting assumptions and when the enforcement constraints were slack) the

worker’s consumption was unaffected in the event of a job loss.

This section makes a point that prescriptions of optimal policy in quantita-
tive macro models with heterogeneous agents and idiosyncratic risk cannot be
accurate unless they account for the extent of private risk sharing arrangements
between economic agents (here the choice of wage setting scheme between firms
and workers). It envisages that a benevolent social planner would choose the
level of unemployment income b optimally and use lump sum taxes levied on
entrepreneurial profits to finance the expenditures subject to budget balance (BB)
each period. The choice of the location of taxes is almost inconsequential in the
current context in the sense that both commitment and markov perfect models
feature a sharing rule (the former as an initial allocation rule) that implies that a
reduction in one party’s expected payoffs translate into a loss of utility for the
other party.

My findings suggest that conclusions for optimal policy drawn from models
with search and self insurance (see Alvarez and Veracierto (2001), Hansen and
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Imhrohoroglu (1992) and Wang and Williamson (2002)) may have been misguided
by the fact that the impact of wages on risk sharing opportunities has not been
properly accounted for. Indeed a result that comes out of the analysis is that when
commitment is abundant in the economy there is much less scope for publicly
provided insurance against unemployment, since increases in the level of benefits
can disturb private insurance arrangements. This is a result that I establish
using both the concept of the undirected and the directed search equilibrium
although in the latter case lack of commitment cannot be made consistent with
the notion that workers direct their search to a market with well defined ex ante
payoffs (unless each contract consists of a different bargaining share 7). Instead
I assume that workers and firms trade with flat wage contracts in one case and

with optimal limited commitment contracts in another.

The Environment. To simplify matters assume that all firms have the same
level of productivity and a discount factor R = r. These choices imply that
insurance against unemployment can be perfect in some regions of the limited
commitment contract (I established this numerically before) so the results that
follow can be interpreted as an upper bound on the difference in optimal policies
between the two schemes. Let 7 denote the tax levi on the match output u be
the fraction of unemployed agents in the economy (analogously e =1 — u is the

fraction of employed workers).

I what follows I restrict attention to steady state outcomes and I assume that
optimal policies derive from a welfare function whereby the social planner assigns
an equal weight to all agents in the economy. Further on notice that, since both
models used in this section feature zero profits for the population of unmatched
entrepreneurs, there are three inputs in the welfare criterion: The average utility
of unemployed and employed workers and the profits of existing jobs (matched
entrepreneurs). Given the invariant measures of agents across the relevant state
space the welfare criterion (in an economy with time consistent contracts say) is
given by:

[U@) d (@) + [(9a) + (@) due(a) (1.3.17)

Calibration. I briefly explain my choice of parameters and functional forms:

Given that the model period is set to one month the target interest rate is
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r = 1.0041 '® and the rate of time preference [ is set at .995. Following Shimer
(2005 (a)) I set the separation rate s to 3 % per month and the contact rate
between unemployed workers and firms to .4 in steady state. In this case in
the undirected search equilibrium the unemployment rate equals ﬁ = .0698
and with a value b = .4 taxes burden the match output by an amount equal
to .0279. I also calibrate the search cost & to be consistent with these targets.
With directed search, matters are more complicated because there the equilibrium
unemployment rate is partly determined by the workforce’s optimal choices, and
I need to adjust £ to make the average job finding and unemployment rates as

above 19,

The matching algorithm is standard and is guided by the relevant literature:
My = xv™u!™". The value of 7 is set to .5 and x = .4 is calibrated to make
compatible the steady state job finding rate for unemployed workers equal to .4
with a tightness ratio 6 = 1. Aggregate productivity 2z is normalized to unity.
Finally the utility function of the workers is of the form:

u(ce) = log(cy)

Results: Directed and Undirected Search Models

Figure (1.7) plots the value of the Welfare criterion (for the undirected search
equilibrium) as a function of the level of benefits b ?°. Optimal policies differ
markedly between the two contracting schemes and with commitment the social
planner is required to set b = .3 to maximize welfare while her preferred value is

around .65 in the economy with Nash Bargaining.

A similar result emerges in the directed search equilibrium; I find that with
optimal contracts the government sets b = .28 but without them (this economy
has flat wages instead of markov perfect contracts) the optimal level of benefits
equals .55. The differences between the two models stem from the fact that the
directed search equilibrium features considerably less risks for unemployed agents
since they can determine the probability of finding jobs by choosing the market
to which they apply.

18This value yields and yearly analogue of 5 %.

19Notice that the steady state numbers differ depending on the contracting scheme. I calibrate
all economies to be consistent with the targets by choosing different values for the parameters.

20These values are normalized to fit the same scale
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W here do these choices come from? There is a simple interpretation of
these results: First notice that in all economies higher values of b increase utility
for unemployed workers, but also imply higher taxes (and hence lower output) on
existing matches. This is so because given the number of unemployed workers
an economy that satisfies budget balance requires that: r = ~ and hence an
increase in b engineers a rise in required revenues for the government. Further
on given the level of search costs in the economy, a loss in the match surplus
associated with higher taxes, translates into lower desired job creation for firms,
and with fewer active jobs the tax burden on existing matches increases. For
all of the economies considered the response of the aggregate labour market to
changes in the level of benefits is similar; I find that a rise in b from .4 to .5

increases aggregate unemployment from the baseline value to .0788 and .0791 in

the undirected model with markov perfect and commitment contracts respectively.

But where these models seem to differ, is in the amount of risk sharing that
private partnerships between workers and firms entail. I previously summarized
this by looking at the consumption losses that the workers suffer when they
become unemployed. In this case, in the baseline calibration this statistic is

21% for the economy with markov perfect contracts and only 8% with optimal
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contribution of my work here is to present a flexible framework that can be used

to deal with the two frictions jointly.
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commitment contracts given the distribution of agents over the relevant state
space (I obtain similar numbers for the directed search model). By this metric
there is considerably more insurance in one case than in the other and hence a
different role is assigned to public policy to complete the market.

These results mask considerable heterogeneity in outcomes. For one thing
these economies may not be comparable due to differences in the steady state
distributions and to the number of periods that the typical agent spends in
unemployment. However important these features maybe, it is not my intention
here to go far in analyzing the different tradeoffs with which the planner is
confronted. Rather the point was to put the theories laid out in this chapter at
work and to explore some of their aggregate implications. What these results

suggest is that aggregate effects could be important.

In Chapter 2 of this thesis I scrutinize the implication that the range of private
risk sharing sets the scope of public insurance by calibrating my artificial economy
to be consistent with a large range of stylized facts for unemployment and the
current Ul scheme in the United States. As here I contrast the properties of
two models; in one firms can allocate risks efficiently with their workforce and in
another only flat wage contracts are permitted and I find that the predictions
of this section survive the more detailed analysis that I attempt. Public policy
is different in the two models. I then go on to evaluate the extent to which the
government can devise more complicated insurance schemes to avoid or minimize
the interference with private markets. In the context of Ul payments more
complicated mechanisms have an obvious interpretation; they are related to the
timing of benefits and one of the findings is that unemployment insurance should
be back-loaded in some cases (in the sense that transfers should increase over
time).

1.4 Conclusions

Quantitative macro models of heterogeneous agents and wealth accumulation
have had a tremendous impact in shaping and economic policy propositions over
the past decade. Yet these models are agnostic about the sources of risk that
give rise to a meaningful role of insurance markets. On the other hand search

models of the labour market present a convincing foundation for the uncertainty
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that agents face over their working lives but build complicated environments
only to colonize them with risk neutral agents whereby the role of insurance is

meaningless.

This chapter sets out to build a theory that accounts for the interactions
of these two frictions in asset and labour markets. It uses a standard search
matching and bargaining framework where job availability in the economy is
limited and agents can self insure against unemployment risks. It goes far in
exploring modeling strategies for wages and characterizes the implications of
alternative wage setting schemes. More substantively, by extending the existing
literature, I develop two equilibrium concepts whereby the contact rates between

workers and firms in these economies are endogenously determined.

This theory can help researchers setup models with realistic heterogeneity
where search frictions play a central role in labour market outcomes, and my
calculations illustrate that there is scope to reconsider many of the messages
and implications of the literature of welfare effects of policies under limited
insurance. I setup a simple experiment whereby the government chooses the level
of unemployment insurance optimally along with taxes to finance the scheme and
I find that depending on the range of insurance opportunities in worker employer
relationships, the welfare benefits of public policy can be small or large. This
important dimension seems to be missing from the literature of heterogeneous
agents and labour market frictions (see Wang and Williamson (2002), Hansen
and Imhrohoroglu (1992) and Alvarez and Veracierto (2001) ) in spite of the fact
that insurance provided by firms to their workforce is not uncommon (Pissarides
(2004), Chetty (2007)).

A lot of other important implications are left unexplored. For one thing the
work of Krusell et al (2007) and Bils et al (2009(a), 2009(b)) explains how
models that feature both frictions in asset and labour markets, fare in matching
the suggestive business cycle correlations in key labour market statistics (they
both use an undirected search model). We yet don’t know much about how
heterogeneity in individual labour supply rules aggregates over the business cycle
but this appears to be an important question for future work. For instance Chang
and Kim (2006) use a model with heterogeneous agents and an extensive margin
of labour supply (their economy doesn’t feature search frictions) to show that the
elasticity of labour supply is much larger at the aggregate than at the individual
level, and Chang and Kim (2007) use a similar framework to point out that these

ingredients explain the cyclical behavior of labour market wedges. One important
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Figure 1.8: Euler Residuals Limited Commitment Model

value (around -.15) for low levels of wealth. This is shown in Figure 1.9 that plots
the violations of the Euler equation along with the profit function. The partial
derivative of the latter is negative (profits fall in wealth) suggesting that the term

NjpytSatt+i *s negative- Clearly the agent is savings constrained in this case.

1.5.2 Algorithms for Computing Equilibria in the Undirected
Search Model

An Equilibrium with Commitment and Undirected Search

Consider the model of section 1.2.3 where firms and workers have the ability to
commit to long term date zero policies, insofar as they satisfy the sustainability
condition, that the partnership is weakly preferable to autarky (unemployment).
Central to the notion of equilibrium here is a job finding rate f(9) for unemployed
job seekers, an analogous rate ¢(0) for vacant jobs, and the payoff functions
W (a*,e) (initial allocation for employed workers) and U(at) (for unemployed

agents). The Algorithm consists of the following steps:

Step 1. Form initial guesses for tightness 60 and payoff functions Wo(fy, e)

and Uo(at). Given these objects solve the firm’s problem:
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contribution of my work here is to present a flexible framework that can be used

to deal with the two frictions jointly.
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FIGURE 1.9: EULER RESIDUALS MARKOV PERFECT MODEL

— S
n(Wt,at,e) =, max ze-wit+ YI(Wt+1,at+i,e) (1.5.8)
Wt+i,at+i,wt
Subject to the constraint set:
u(-at+i/r + at+ wt) + (3(1 - s) Wt+l + /3s U(at+i) > Wt (1.5.9)

ac+1 > da
FF+1 > U(at+i)
n(VFf+iat+1,e) > 0

Standard techniques (eg. value function iteration) can be applied here and

optimal policies can be derived by iterating convergence on the functional equation

(1.5.8). 21

21A few comments are in order here: First to reduce the number of control variables we can
get rid of wt by making use of the fact that the promise keeping constraint will always

bind, given a period utility that satisfies the Inada conditions. It follows from the worker’s
promise keeping constraint that:

wt = at+l/r - at + u~l(Wt - (31 - s) Wt+i - (35 Ulat+l))

With this addition we can write the firm’ program as:
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1.5 Appendix

1.5.1 Proofs and Derivations
Derivation of equation (1.2.19) in Text

Consider the first order conditions (1.2.16) and (1.2.17) that solve the firm’s

optimal program.

1—s Mul(c

R - = ( t) + )‘tﬂUat+1S + 7t+1Uat+1 - ¢t+l =0 (151)

1-s
R +AB(1 = 8) = Ye1 — e llw,,, =0 (1.5.2)
Note that by the envelope conditions: —Ilw,,, = Aey1 = Z,(—C—H—l) Then clearly:

l-s Ye+1
= - —p(1l-s5) —— 1.5.3
¢t+l R At+1 /8( ) )\t+1 ( )
1 Vi+1 1

= BsUq,, + B(1 — 8)— + — Uy, — —) (1.5.4)

At+1 At At+1

Which is equation (1.2.19) in text.

Derivation of equation (1.2.20 ) in Text

For the first order conditions of the limited commitment program (equations
(1.2.16) and (1.2.17)) it follows that off the borrowing constraint:

1—s

AMB(1—38) = Y1 — Pe41Ae1 + R Aty1 — (1.5.5)

1 1

- M0 = 1—s (Vo1 — Per1Ae41) + E)\t-H
1 1 s

SAt/BUaHd = -7: - _ﬁ —R. + ¢t+1 - ’Yt+1Uat+1 (1-5.6)

1 1 1 1

= r E (E - CZSH-I1 ) + ¢4 1—s Yt+1Uas11
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Substituting out ;0 in equation (1.5.6) and rearranging we get:

1 G141 . 1 Gts1 1 l
SUa'“)‘tH(R— 1—3) N S(R 1—3)+ T R+ (15.7)
Pr+1 1

— iUy ———
1—s HPany T

Which is equation (1.2.20 ) in text.

Discussion of the Importance of Contractible Assets

In the text it was shown that optimal investments in limited commitment and

markov perfect contracts was governed by the two following Euler equations:
u'(cy) > B(1 — s)ru’(ceqre) + 705U (ceprn) + 70 () Y1 (W (Cerr,u) — W (Cerre))

1—s r
R X\

The discussion emphasized that the last terms on the right hand side of these

u,(ct) Z ﬂT(SUaHJ + (1 - S)Qat+1) + o

at+1

equations represent terms to the standard life cycle theory Euler equations that
result from the fact that wages and investment are determined on the same side of
the market (in other words assets are contractible by the firm). To the extent that
these terms are important optimal contracts need to incorporate an additional
state variable, the agent’s marginal utility as in Abraham and Pavoni (2005) or
Werning (2002) (or otherwise the standard life cycle theory Euler equation as an

additional constraint to the firm’s program).

Although it is not possible to provide a general proof the simulations of the
model suggest that such violations are minimal in the context of a contract with
limited commitment. This is visible from Figure 1.8 that plots the violations of the
Euler equation (essentially the term «'(c;) — 8(1 — 8)rv/(ces1,e) — 785U (Ct41,4)) In
the baseline calibration of the model. These residuals are really small in absolute
value to discern a pattern and in fact they seem consistent with numerical errors

of acceptable order of magnitude.

In contrast a model with per period bargaining and contractible assets has

a discernible pattern whereby the residuals are negative and large in absolute
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value (around -.15) for low levels of wealth. This is shown in Figure 1.9 that plots
the violations of the Euler equation along with the profit function. The partial
derivative of the latter is negative (profits fall in wealth) suggesting that the term

~jpvt8at+i % negative- Clearly the agent is savings constrained in this case.

1.5.2 Algorithms for Computing Equilibria in the Undirected
Search Model

An Equilibrium with Commitment and Undirected Search

Consider the model of section 1.2.3 where firms and workers have the ability to
commit to long term date zero policies, insofar as they satisfy the sustainability
condition, that the partnership is weakly preferable to autarky (unemployment).
Central to the notion of equilibrium here is a job finding rate f(9) for unemployed
job seekers, an analogous rate ¢(0) for vacant jobs, and the payoff functions
W(a*,e) (initial allocation for employed workers) and U(at) (for unemployed

agents). The Algorithm consists of the following steps:

Step 1. Form initial guesses for tightness 60 and payoff functions Wo({fy, e)

and Uo(at). Given these objects solve the firm’s problem:
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IF the update 6; is close enough to the initial guess 6y EXIT. ELSE repeat
STEP 1.

Markov Perfect Equilibria with undirected search

STEP 1. Form an initial guess for the index of tightness 6, and equilibrium payoft
functions Up(a:) and (at, €) for unemployed and employed workers respectively.
Choose a large grid of expected utility W to solve the firm’s auxiliary program
which can be represented recursively as follows:
1-s
(W, a,e) = max _ze — wy + ——I1(Qo(ats1), G41, €) (1.5.15)
We,at 4120 R

Subject to the constraint set:

W <u(—ap/r+a+w) + B(1—s)Qai,€) + BsU(atr1)

u'(c) > B(1 — 8)Qy,,, +OsU,,,, With Equality If a;4; >0

Notice that continuation utility promises must conform with the function
Qo(at, €) to be time consistent. Further on if assets are non-contractible (as
in Krusell et al (2007), Bils et al (2009(a), 2009(b)), the Euler equation is an
additional constraint to the firm’s program 2?2 Consistent with the equilibrium is
the notion that the payoff function of the firm satisfies the following condition:

D(ay, €) = I1(Qay, €), ar, €)

Standard Methods (say Value function iteration) say can be applied here to obtain

numerical solutions to the optimal policies.

22The algorithm for non-contractible savings in these two papers doesn’t use the firm’s program
as I do here. It approximates the function w(a,¢) (wages as a function of wealth) and
solves for assets by maximizing the worker’s utility who takes as given the wage schedule.
The wages have to be consistent with Nash bargaining. For a detailed description see Bils
et al (2009(a), 2009(b)).
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— S
n(Wt,at,e) =, max ze-wit+ YI(Wt+1,at+i,e) (1.5.8)
Wt+i,at+i,wt
Subject to the constraint set:
u(-at+i/r + at+ wt) + (3(1 - s) Wt+l + /3s U(at+i) > Wt (1.5.9)

ac+1 > da
FF+1 > U(at+i)
n(VFf+iat+1,e) > 0

Standard techniques (eg. value function iteration) can be applied here and

optimal policies can be derived by iterating convergence on the functional equation

(1.5.8). 21

21A few comments are in order here: First to reduce the number of control variables we can
get rid of wt by making use of the fact that the promise keeping constraint will always

bind, given a period utility that satisfies the Inada conditions. It follows from the worker’s
promise keeping constraint that:

wt = attl/r - at + u~I(Wt - 31 - s) Wt+1 - (3s Ulat+l))

With this addition we can write the firm’ program as:
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STEP 2. Given the optimal value function, update the employed worker’s
payoff Q(ay, €) by solving the following Nash Bargaining Program:

Qi(at, €) € arg mvgx(W — Ulay))""(IL(W, as, €))" (1.5.16)

IF function €;(a, €) is close to the initial guess (p(ay, €) proceed to STEP 3 .
ELSE repeat STEP 1.

STEP 3. Update the unemployed worker’s value function. This can be accom-

plished by iterating convergence on the following functional equation:

Ular) = max u(-ac/r+a;+b) + B (1= fo) Ularn) + 8 fo [ Qe €) dF

at4+12G

IF the update is close enough to the initial guess proceed to STEP 4 . ELSE
repeat STEP 1.

STEP 4. Update the value of 8. Given the steady state measures p o and fiy,
for employed and unemployed job seekers over the relevant state space (wealth)

the zero profit condition for vacant jobs requires:

1
- = u,a Fv=
e + o[ [ 10a,v),0)d pua d F, = 0

1.5.3 Equilibria With Directed Search
Numerical Algorithm

STEP 1. Choose a grid of profits J for firms and assets a. Given the para-
metrization of search costs and the matching technology equilibrium tightness
solves the zero profit condition (1.3.1). Form an initial guess for the unemployed
worker’s value function Up(a;) and solve the employed worker’s program by

iterating convergence on the following functional equation:
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STEP 2. Update objects Wy(ay, €) and Up(a;). In particular solve the following
Generalized Nash Bargaining problem:

Wi(ay,€) € arg max (W — U(a))" "TI(W, a, €)" (1.5.13)

The update for Uj(a;) can be obtained by solving the unemployed worker’s
value function, equation (1.2.1) in text.

IF the updates Uj(a;) and W;(ay,€) are close enough to Up(a;) Wi(ay,€)
respectively proceed to STEP 3. ELSE repeat STEP 1.

STEP 3. Update the tightness index 6. Given a stationary measure of
unemployed workers over assets u,q, the free entry condition for vacant jobs

requires:
1
— &+ —=qq, // I(W(a,e€),a,€)d pyq d Fe=0 (1.5.14)
R acA
(W, a¢,€) = wmax | ze— a1/ + ag — T (We — B(1 — s) Wepy — Bs Ulars1))
1—
+ RS H(u/t+1,at+1,€) (1510)

Further on note that from (1.5.10) it follows readily that the firm’s profit function is
linear homogeneous in a;. By this property, II(W;,aq,€) = II(W;,0,€) + a¢, we can drop
current wealth as a state variable and rewrite equation (1.5.10) as:

II(W;,0,¢) = Wrﬁagcﬂ ze—agp1/r—u Y (Wy — B(1 — 8) Wiyr — Bs Ulags1))
1-s
+ R (at+1 + H(VVH.l, 0, E)) (1511)

This problem is considerably easier to deal with but still it contains two control variables
and dimensionality may be an issue even in this case. However by constraining pairs of
Wit1, ae4+1 to those that satisfy the relevant Euler equations we can go a long way towards
alleviating this burden. For instance in section 1.2.3 we saw that optimal insurance against
unemployment (the choice of assets to be more precise ) obeys the following first order

condition:
U(cugs1) = U(Ceprr)(l+ %(? —1) = “Ig’;") 1+ %(% —1)) (1.5.12)
W (w (W, — B(1 — 5) Wip1 — Bs Ulagy1))) 1,R
- R G-

In turn since «'(cy,t+1) depends on wealth and is independent of the firm’s optimal policies,
equation (1.5.13) can be used to determine off corners solutions to the value function
under limited commitment. When the enforcement constraints bind we know that either
Wir1 = U(agy1) or II(Wii1,0:41,€) = 0 and in this case it is again much simpler to
characterize optimal policies.
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IF the update 6; is close enough to the initial guess 6y EXIT. ELSE repeat
STEP 1.

Markov Perfect Equilibria with undirected search

STEP 1. Form an initial guess for the index of tightness 6, and equilibrium payoft
functions Up(a:) and (at, €) for unemployed and employed workers respectively.
Choose a large grid of expected utility W to solve the firm’s auxiliary program
which can be represented recursively as follows:
1-s
(W, a,e) = max _ze — wy + ——I1(Qo(at41), G41, €) (1.5.15)
We,at 4120 R

Subject to the constraint set:

W <u(—ap/r+a+w) + B(1—s)Qai,€) + BsU(at1)

u'(c) > B(1 — 8)Qy,,, +OsU,,,, With Equality If a;4; >0

Notice that continuation utility promises must conform with the function
Qo(at, €) to be time consistent. Further on if assets are non-contractible (as
in Krusell et al (2007), Bils et al (2009(a), 2009(b)), the Euler equation is an
additional constraint to the firm’s program 2?2 Consistent with the equilibrium is
the notion that the payoff function of the firm satisfies the following condition:

D(ay, €) = I1(Qay, €), ar, €)

Standard Methods (say Value function iteration) say can be applied here to obtain

numerical solutions to the optimal policies.

22The algorithm for non-contractible savings in these two papers doesn’t use the firm’s program
as I do here. It approximates the function w(a,¢) (wages as a function of wealth) and
solves for assets by maximizing the worker’s utility who takes as given the wage schedule.
The wages have to be consistent with Nash bargaining. For a detailed description see Bils
et al (2009(a), 2009(b)).
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STEP 2. Given the optimal value function, update the employed worker’s
payoff Q(ay, €) by solving the following Nash Bargaining Program:

Qi(at, €) € arg mvgx(W — Ulay))""(IL(W, as, €))" (1.5.16)

IF function €;(a, €) is close to the initial guess (p(ay, €) proceed to STEP 3 .
ELSE repeat STEP 1.

STEP 3. Update the unemployed worker’s value function. This can be accom-

plished by iterating convergence on the following functional equation:

Ular) = max u(-ac/r+a;+b) + B (1= fo) Ularn) + 8 fo [ Qe €) dF

at4+12G

IF the update is close enough to the initial guess proceed to STEP 4 . ELSE
repeat STEP 1.

STEP 4. Update the value of 8. Given the steady state measures p o and fiy,
for employed and unemployed job seekers over the relevant state space (wealth)

the zero profit condition for vacant jobs requires:

1
- = u,a Fv=
e + o[ [ 10a,v),0)d pua d F, = 0

1.5.3 Equilibria With Directed Search
Numerical Algorithm

STEP 1. Choose a grid of profits J for firms and assets a. Given the para-
metrization of search costs and the matching technology equilibrium tightness
solves the zero profit condition (1.3.1). Form an initial guess for the unemployed
worker’s value function Up(a;) and solve the employed worker’s program by

iterating convergence on the following functional equation:
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a 1-s
W(as,J;) = max u(—tT+1 +a+z—Ji+

at+12a,Ji41

+ BsU(aty1) + B(1 — 8)W(ass1, Ji41)

Jis1) (1.5.17)

Subject to:
Jty1 2 0 W (a1, Jet1) = Ulazsr)

Notice that this formulation makes use of the fact that the promise keeping
and resource constraints are satisfied with equality. In turn equation (1.5.18) can

be solved using standard techniques ( i.e value function iteration).

STEP 2. Update the value function of the unemployed worker by iterating

convergence on the following functional equation:

Ula:) = af}g’éJU(—% +a; +b) + B(1 — f(6,))U(ats1) + Bf(65)W (at41, J)
(1.5.18)

IF the update Uj(a:) is close enough to the initial guess Up(a;) EXIT. ELSE
repeat STEP 1.

Notice that once objects U(a;) W{(ay, J;) converge the equilibrium has been
computed in the sense that tightness ratios are determined from equation (1.3.1)
and there is no need to iterate on labour market conditions as in the undirected
search equilibrium model. On the other hand because optimal allocations are
computed by maximizing the worker’s utility (as opposed to the firm’s) it is much
harder to get rid off state variables and make computations more efficient. In the
next paragraph I outline a way around dimensionality problems that makes the
value of the firm’s profits J a permanent state that is relevant on job creation.
The idea is to combine the worker’s wealth endowment and the promised utility
to the firm into a composite state variable which I define as cash in hand. Then
the agent’s program consists of choosing a level of assets and a level of dept
obligations to the firm and I find that this formulation increases the efficiency of
computations.
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A modified Program For Directed Search Equilibria

Consider the resource constraint of an employed with a current stock of wealth

a; and a promised present discounted value of profits to the firm equal to J:

(1-s)

at+1/7’=at—J+z+ R

Jt+1 — Ct (1519)

This section shows that it is possible to make J a permanent state variable in the
worker’s optimal control program which facilitates computing numerical solutions
in the directed search model.

Define w; = z — J(1 — 132) to be the constant per period wage that delivers
the prescribed value J to the firm (over the infinite horizon) and note that it
follows from (1.5.19) and the definition of w; that:

1—s

a1/r =0 —J+W; + (Jog1 — J) — ¢4 (1.5.20)

Define dj; = —122(Ji1 — J) to be the agent’s debt to the firm (issued in the
current period). Then clearly if J;;; > J the agent front-loads part of the
compensation and next period enters a state with a lower present discounted
value of wages. Rearranging we can obtain the budget constraint of the agent for
this period as:

a1/r+ e+ dsr=a+ Wy = x4 (1.5.21)

In the next period conditional on the survival of the job and given her optimal

choices, the agent will be in state {J;1+1,a:+1}, and in the analogy of equation

(1.5.19) forwarded one period, total available resources to finance consumption

and asset accumulation are: a; 1+ 2 — Jip1 + %th Rearranging we can write:
1—s 1-—s

a1+ 2 — Jpp + R Jivz = a1 + Wy — (S — J) + 7
disR 1-—s
fit +
1-s

(Jt+2 - J) =

a1+ Wy + (Jer2 — J)

The last two terms in equation ( 1.5.22) represent interest payments on firm
debt outstanding and new debt issued in period 2. Applying the same reasoning
we can derive the constraint set facing the agent having spend an arbitrary

amount of time on the job as:

Rd
ap1/R4ci+dps =2 Typr = Qo1 + Wy + Lo = aryy + Wy + Rydyy

(1-s)
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Value Functions Given the above derivations the employed worker’s program

can be cast in the following form:

W(zs,J) = max u(z; — ap1/r — df,t) + B(1 — )W (@441, J) + BsU(at41)

at4+1,dy,¢
(1.5.22)
Subject to the constraint set:
Tir1 =Wy + Q1 + df’tRf (1523)
R
W(.’I)t+1, J) > U(at+1) - mdf,t +J > 0 (1524)

Similarly the unemployed worker’s program can be written as:

Ula:) = afﬁ%ﬁj U(—gt:—l'i’at'i‘b)"‘ﬂ(l—f(BJ))W(at+1+mJ, J)+Bf(0,)U(ats1)
B (1.5.25)

To conclude this section it is important to make the following remark: by
writing the program as in equation (1.5.22) it is possible that the agent will
embark upon a path of increasing wealth and indebtness to the firm that would
violate the transversality condition. In the simulations carried out for this chapter
this was never the case; It is possible to verify ex post that no such violations occur,

although this may be unnecessary in the presence of participation constraints.

The Treatment of Uncertainty

Consider an extension of the directed search equilibrium of section 1.3.1 that
allows for different productivities ¢ at the firm level. Assume that productivity
becomes known after the worker and the entrepreneur meet and that it remains
constant throughout the life of the match. The representation of the optimal
contracting problem for a matched worker is analogous to equation (1.3.3), the
only difference being that that the lifetime utility is of the form W(J;, a:,€) (i.e.
€ is added to the list of state variables in the value function).

Unemployed workers also face a similar program in this case. Given that firms
post contracts summarized in an expected present discount value of profits J
and the equilibrium tightness ratio €; will determine the extent of competition
in this market, then optimal choices of a market segments are made to maximize

gains from search. Off course since productivity is not known a priori but rather
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revealed when a match is formed and the investments in search are sunk, an
initial allocation J(a,¢,J) (i.e. a map from initial wealth, productivity and J to
expected utility) needs to be defined. For that assume that date zero allocations
solve the following program:

J%ggﬁfJ)l?¥4’(ao,:7(ao,e,=7),e)

Subject to:
/ﬂ%@ﬂdﬂ=J

W(ao,J(ao, €, J)76) > U(a’ﬂ) Ve
j(a0a €, ']) Z 0

In words initial allocations in the current context must adhere to the same
principle of optimality whereby the workers utility is maximized subject to the
firm making in expectation J profits and participation being satisfied for both
parties. Given the above initial period optimization problem the equilibrium is
similar to the one described in section 1.3.1 of the text.
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2.1 Introduction

The optimal provision of unemployment insurance by governments has generated
a voluminous literature since the work of Shavell and Weiss (1978) highlighting a
central theme: In environments that are fraught with moral hazard allocations
must be distorted away from optimal risk sharing to provide private incentives.
Further on in these economies the ability of agents to insure privately against
fluctuations in labour income is assigned an important role for two reasons; first
because the range of these insurance opportunities determines the overall welfare
gains from the UI scheme, and second because, in some cases, private insurance
makes the implementation of public policy harder by taking away from the planner

her control over allocations.

These ideas are well understood and yet in most of the relevant theoretical work
the risk sharing role of private markets is largely understated. For instance there
are numerous attempts in the literature that build on the baseline incomplete
market model of heterogenous agents, where private insurance is simply wealth
accumulation (as in Hansen and Imhrohoroglu (1992) and Wang and Williamson
(2002)), and these models are often used to quantify the welfare gains from one
UI scheme or the other. The problem is that in reality private risk sharing goes
far beyond that; there is a wealth of instruments in partnerships between workers
and firms such as severance payments and dismissal delays that can be readily
used, along with assets, to buffer the risks of unemployment and minimize it’s

impact on consumption.

To the best of my knowledge no previous effort was made to put these realistic
margins of insurance in a dynamic model, and understand their important
interactions, and this is precisely the gap I attempt to bridge with this work. I
do so by comparing the outcomes of two economies. In the first one agents can
do no better than to trade non-contingent claims in financial markets subject
to borrowing constraints and to rely on benefits provided by the government
to insure against unemployment; In the second firms can provide additional
insurance by signing contracts with their workforce subject to limited commitment.
In both economies financial markets are incomplete but the range of insurance
opportunities is not the same; I argue that in the second environment contracts can
in some cases provide complete insurance in a way that other formal instruments
such as severance payments or dismissal delays become redundant (in fact I

establish this equivalence).
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In line with the literature of heterogenous agents and wealth accumulation
I focus on a restricted class of policies. In one experiment I keep constant
the duration of benefits and allow the planner to choose the replacement ratio.
In another I let the government choose the level of benefits for two classes of
unemployed agents; those with duration less than two quarters and those with
longer durations. In both cases employed workers are burdened with a constant

tax levi.

I find that the optimal provision of unemployment benefits varies with the range
of private markets and in particular when firms can remove part of the overall
uncertainty, the optimal level of benefits is much lower than when no private
risk sharing (other than simple wealth accumulation) exists. Put differently the
provision of benefits by governments can crowd out private insurance by the same
token that in the standard model with incomplete markets, Ul payments crowd
out the precautionary role of assets. Even more important is the result I get for
the timing of payments; With firm insurance optimal payments are back-loaded in
the sense that the government sets benefits equal to zero for the first two periods
of an unemployment spell and positive afterwards, but without firm insurance,
Ul payments have the typical downward sloping path.

None of these implications seems to be qualitatively surprising. For one
thing the possibility that public insurance can crowd out other arrangements
in the economy has already been addressed in different contexts, and insofar
as the timing of payments is concerned, the fact that workers can save means
that benefits don’t have to be decreasing in the duration of an unemployment
spell for consumption to be decreasing (Werning (2002), Shimer and Werning
(2005)). Then the important contribution of this work is first that it introduces
a tractable framework that can be used to quantify the role of unemployment
insurance provided by governments in the two economies, and second to establish
quantitatively that optimal policies are indeed different. I argue that the latter is
not a trivial task since in models where the distribution of agents across the state
space is endogenously determined, steady state comparisons confound genuine
differences in the scope of public policy with differences in the distributions and

the analysis contains an exhaustive account of these issues.
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Related Literature.

There is a large literature that investigates the role of labour market policies such
as firing costs severance payments and unemployment benefits in economies with
labour market frictions. Usually these models build on the tradition of the search
and matching framework and rarely include risk averse consumers that can self
insure with assets. ! Alvarez and Veracierto (2001) is the only exception where
the role of severance payments in a dynamic model with wealth accumulation and
unemployment benefits is considered but in their economy all forms of insurance
(other than wealth) are controlled by the government. In contrast my intention
here is to investigate how the planner’s program changes when all other insurance
(except benefits) is provided by optimizing firms and the planner takes these

private policies as given.

Moreover the idea that public policy can crowd out private insurance doesn’t
appear to be new in the literature. In a different context (with redistributive
taxation) Krueger and Perri (2006) illustrate how public policy can throw off
private risk sharing arrangements and reduce welfare. In their model allocations
are also summarized in contracts with limited commitment but there the role of
wealth accumulation is secondary since partnerships never break up. When there
are unemployment risks or to put differently states where agents are beyond the
reach of their insurance agencies wealth accumulation is important. Furtheron
Attanasio and Rios Rull (2002) consider an economy where private risk sharing
occurs between two ex ante identical agents that form a family and risks derive
from a stochastic labour income process. They show that public insurance that
takes the form of a reduction in the aggregate (family) component of risk has a
disruptive role on the realm of private risk sharing.

Closer to mine is the work of Pissarides (2004) who considers an environment
where workers have access to savings and can search for job opportunities whilst
employed, and uses it to investigate the optimal response of firms when they
are granted two margins of insurance; one is that they can make payments
contingent on the event of job loss (severance compensation), and another is
that they can retain their workforce for a given period of time even when jobs
become unproductive (dismissal delay). The worker employer relationship is
contaminated with moral hazard in that the firm doesn’t observe the optimal

search policy of the worker. In some cases, he argues, benefits can crowd out

1See for instance Bentolila and Betrola (1990), Hopenhayn and Rogerson (1993), Ljungqvist
(2002).
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private insurance (in particular they can eliminate the incentive to postpone
layoffs) and this result introduces an array of economically meaningful interactions
that he discusses. My intention here is different however. I 'm mostly interested
in aggregate effects and instead of characterizing the optimal response of private
policies taking public insurance as given, I explore how alternative Ul schemes
affect welfare in economies where some aspects of private insurance are important

and in economies where they are not.

In the model the arrangement that firms and workers use to tradeoff risk is
made under the following assumptions; Assets are observable and investment
lies in the same side of the market as wages. There are three reasons for this:
First it turns out that with limited commitment and exogenous separations asset
contractibility is a rather innocuous assumption to make 2. Indeed in the simple
benchmark that delivers the model’s main result standard Euler equations seem
to hold approximately in the relevant state space, although a modified Euler
equation applies more generally. Second in macro contexts these assumptions
are rather common. 3 For instance macroeconomists are not concerned with
unobservable storage, in the same ways that the literature on optimal allocations
with incomplete information or moral hazard condemns private savings (Cole and
Kocherlakota (2001(a), 2001(b)), Werning (2002), Kocherlakota (2004), Abraham
and Pavoni (2003) ). The focal point of this analysis is not to put limits of private
risk sharing possibilities but rather to take them as given and investigate how

they vary when public policy regimes change.

Finally chapter one of this thesis is also part of the related literature; Many of
the features of the comparison between these two economies, are analogous to the
contrast between commitment and markov perfect allocations attempted there.
For one thing there is a similar ordering of the set of insurance opportunities
but as before it is impossible to put bounds on risk sharing just by working
out optimality conditions. This is more of an applied issue and in the analysis
that follows I look closely at measures that summarize the consumption costs of

unemployment in the two economies.

The rest of this chapter is organized as follows: Section 2.2 presents the baseline
model. The framework is a variant of the work Wang and Williamson (2002) that
features risk sharing opportunities between firms and workers. In the economy

of section 2.2.1 wage contracts are flat and agents have to rely on self insurance

2See the first chapter of this thesis.
3See Krusell et al (2008) for a model with observable savings and Nash bargaining.
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to alleviate unemployment risks. In section 2.2.2 private partnerships between
workers and firms provide additional insurance by trading risks optimally. In the
benchmark separations occur at a constant rate each period, and unemployed
workers choose the level of effort that determines their reemployment probability
(standard moral hazard problem). Section 2.3 contains the main results. I
compare various Ul schemes and rank their welfare properties and I find that the
differences in optimal policy between the two environments are stark. Finally in
section 2.3.3 I add endogenous separations to the model (as in the original work
of Wang and Williamson (2002)) by endowing employed workers with a search
technology that maps effort into job retention. I explain how this addition limits
the range of insurance opportunities by introducing moral hazard in the worker
employer relationship, but again I find that the implications of the comparison of
the two economies are the same.

2.2 The Model.

There is a continuum of infinitely lived risk averse households with the preferences

of the following form:

Ei:: B (log(c:) — v(st)) (2.2.1)

where c¢; denotes the consumption of a general multipurpose good and v(s;)
denotes the disutility of search in the labour market.*

Each period a fraction e = 1 —u of the economy’s workforce are employed mat-
ched with firms in joint production and the remaining u workers are unemployed
waiting for suitable employment opportunities to arrive. Such opportunities
entail the investment of resources in the form of labour market search and each
unemployed worker possesses a technology that maps search effort s; in a job
finding probability ~;(s;). I use the subscript j = 0,1,2,.... to denote the
number of periods that this worker has spent in unemployment ( a worker with
an index j is running her j + 1 period) and this construction permits to match
the decreasing hazard rate (escape rate from unemployment) in labour market
data (Wang and Williamson (2002)).

4Notice that with separable utility the first best allocation would feature the same level of
consumption in employment and unemployment.
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In production an agent is entitled to ¥ units of output per period. Production
presupposes the collaboration of a worker with a firm that is an entity whose
contribution in output is irrelevant. Since search costs are borne exclusively by
workers here, it is assumed that firms earn zero profits in expectation when the
job starts, but there is nothing that precludes active matches from generating
positive payoffs for firms at longer horizons. Further on employed workers don’t
search (hence s; = 0 for them) but their matches terminate at an exogenous rate
A per unit of time. When this occurs they become unemployed and an index

J = 0 applies for each newly unemployed worker.

In this economy the government provides insurance against unemployment in
the form of replacement income which is denoted by b;. It depends on the index
J to make clear that not all workers are eligible for the scheme. In particular there
is a maximum horizon m (duration of non-employment spell ) beyond which the
unemployed worker’s income is normalized to zero (i.e. b; =0 Vj > m) and
for all j < m the level of income received by the worker is a constant b. This
construction is meant to capture the current Ul scheme that operates in most the
US whereby workers are eligible for benefits for a period up to 26 weeks (Wang
and Williamson (2002)).

Total resources available to firms and workers are taxed each period and 7
denotes the amount that is levied from the match product. The proceeds are used
to finance benefits subject to budget balance. If there are e employed workers
in the economy then it must be that er = 3>, u;b; where u; denotes the total
number of unemployed workers who are running their j + 1 period of joblessness.
Finally financial markets are incomplete and agents can trade non-contingent
securities subject to an ad hoc limit @. The interest rate on savings is denoted
by R. The equilibrium in this economy mandates that SR < 1 for the agent’s
program to be well defined.

Insurance Opportunities. I consider two environments. In the first one (in
section 2.2.1) agents can do not better than to accumulate assets to buffer shocks
in labour income and they can also find comfort in the replacement income b
provided by the government. Wage contracts are flat in the sense that active jobs
pay out y (gross of taxes) each period. In the second (section 2.2.2) firms sign
contracts with their workforce subject to limited commitment and any timing
of payments is possible, so long as the equivalent in present discounted value of

income is delivered to the worker over the life of the match.
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Many of the features of the comparison between these two economies, are
analogous to the contrast between commitment and markov perfect allocations
made in the previous chapter. For one thing there is a similar ordering of the
set of insurance opportunities with which agents are presented; the economy of
section 2.2.2 features complete insurance in some of the regions of the state space
(this depends on whether participation binds) and section 2.2.1 has a standard
incomplete markets model with ad hoc borrowing constraints and uncertain
labour income and under general conditions these ingredients grant the agents
with a precautionary savings behavior. ® Since the technical aspects were laid out
in the previous chapter, I only summarize some of these features here informally.
There is one implication that I exploit here much more than previously though;
that optimal allocations under commitment are attainable with a simple wage

and severance payment scheme. In fact I establish this equivalence.

In a slight abuse of the term I refer to the economy of section 2.2.1 as the no
private insurance case. By that I mean that besides wealth accumulation (and
the precautionary effort that unemployed workers exert) there is no risk sharing

between workers and their employers in this economy.

2.2.1 No Private Insurance

Consider an environment where insurance opportunities are limited and wage
contracts are restricted to pay y each period. Let W(a) and U(a,j) denote the
lifetime utilities for an employed and an unemployed worker respectively (the
latter running her jth 4+ 1 period in unemployment) when their current stock of
wealth is a. Their optimal choices consist of current consumption and, for the
unemployed agent, a level of search intensity that will determine her probability
of finding a job in the next period. Applying standard arguments we can represent

these lifetime utilities recursively as:

Employed Workers.

W(a) = max log(c) + 8 (A U(a’,0) + (1 — A\) W(a)) (2.2.2)

5Tt is possible to show that the latter economy corresponds to a markov perfect contract where
the share of the worker equals one.
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Subject to the constraint set:
d=Rat+y—T-c (2.2.3)
Unemployed Workers.

U(a,j) = max log(c) — v(s) + B v;(s) W(a') + B(1 —v;(s)) U(a',5 +1)) (2.2.4)

a'>a,s

Subject to the constraint set:
o =Ra+bj—c (2.2.5)

In the standard notation primes denote next period variables. Notice that
in (2.2.2) whenever the job is destroyed, which occurs at rate A each period,
the worker becomes unemployed and an index j = 0 applies. Further on for
the unemployed worker if search in the labour market is unsuccessful, then next
period the state j is updated deterministically to j + 1 since in this case the
worker accumulates an additional period of nonemployment duration.

The implications of this environment for the agent’s optimal policies are well
understood in the literature. Under standard assumptions uncertainty about
income coupled with incomplete markets result in a precautionary savings behavior
whereby the agent will accumulate assets in employment and run them down
whilst unemployed to minimize the impact of income fluctuations on her private
consumption path. Further on search in the labour market is an additional margin
of insurance here and wealthier workers will search less intensively ¢ cause they
can finance current consumption out of wealth. The following paragraph defines
the competitive equilibrium in this economy.

Recursive Competitive Equilibrium: No Private Insurance Economy

The stationary competitive equilibrium, in the economy without private insurance
consists of a set of value functions {U(a, j), W(a)}, and a set of decision rules on
asset holdings {ay, (4),ay (47} 2nd an optimal search intensity rule of the form
s(a, 7). It also consists of a level of taxes 7 and an invariant measure u of agents

over the relevant state space (employment status and wealth) such that:

1) Agents optimize: Lifetime utilities solve the functional equations (2.2.2) and

6See Lentz and Tranaes (2005) for discussion of wealth effects on optimal search intensity.
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following functional equation: 7:

W(\fl,J)' = ‘Ilr}’j;’(zlog\g—a“r Ra —r —J+y+ 7 J'—R (2.2.13)

+ p(\U(a"+ -7,0) + (1 —
Subject to the constraint set:

a' > a at—>a
it
The following simple Ricardian equivalence argument can be used to establish
that the worker’s program under (2.2.14) is the same as that in equation (2.2.6):
Increase wealth for the employed worker by » and let the new level of assets be
al = a’'--  Also decrease the continuation utility J'by £ and define J = J' —£.
Then clearly W (al') = W(ar,J') since the amount of resources available to
finance consumption for the worker next period is unchanged. Thus a program
that sets £ = 0 and uses next period’s wealth as a single control variable as in
equation (2.2.6) is payoff equivalent to one where both investment in wealth and
7The promise keeping constraint in this case is given by J =y —w + -~ J' — The

formulation of the value function in (2.2.14) makes use of the fact that with log utility the
promise keeping constraint binds with equality.
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(2.2.4) and optimal policies derive.

2)The invariant measure u is consistent: In particular the law of motion of u

can be represented in the following equations:

He A = (1 - )‘) /a’ cA d He,a + Z/, A’Y,’i(s(a’j))d Hu,a,j

(e,0) i Ve €
HhuA5 = AL(j=0) / d prea + Lj>o /, (1 —(s(a,5 —1)))d pua,j—1
e,y €A Fu,a,5-1)
where feq ( fug) is the marginal cdf for employed (unemployed) workers and Z

is an indicator function.

3) Taxes and benefits are consistent with Budget Balance: er = 3_; u;b;

2.2.2 Private Insurance

Consider now an environment whereby instead of constraining active jobs to
pay out y each period to workers, wage tenure profiles are optimal. When they
meet, the firm and the worker enter in a long term agreement that specifies the
entire path of consumption, wealth and wages (assume that there is sufficient
commitment to adhere to such date zero allocations) and let J and W(a,J)
be the associated payoffs (lifetime utilities) for the two parties. Allocations in
this economy are optimal in the sense that they maximize W (a, J) subject to
delivering an expected present discounted value of profits equal to J to the firm,
and in line with the notion that there are limits to the scope of commitment,
efficient outcome paths must satisfy participation by both parties at all future
dates. This program admits a recursive representation (see Ligon et al (2002))
that can be written as follows:

W(a,J) = Jmax, log(c) + B(A\U(d',0) + (1 = )W (d', J")) (2.2.6)

Subject to the constraint set:

d=Rat+w—-7T—c (2.2.7)

1—
J<y—-w+ TAJ' (2.2.8)
J'>0 (2.2.9)
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W(d,J') > U(d, 0) (2.2.10)

In equation (2.2.6) the worker solves for a pair of optimal policies for next
period wealth o' and a continuation utility J’ for the firm. Equation (2.2.8)
is the so called promise keeping constraint that imposes the requirement that
the firm’s expected profit is at least J over the life of the match. Further on
optimal allocations must never violate participation by either firms or workers a
requirement that is imposed by equations (2.2.9) and (2.2.10). In particular in
(2.2.10) the worker must be weakly better off than quitting her job and becoming
unemployed (notice that her outside option is the value function U(a’,0) ). In
(2.2.9) the expected profits of the firm next period must be non-negative.

Equilibrium payoffs for unemployed workers solve the following functional

equation:

U(a,9) = max log(c) — v(s) + 6 1(s) W(a',0) + B(1 — 1341(5)) U(a', +1))
- (2.2.11)
Subject to the constraint set:

a =Ra+bj—c (2.2.12)

Notice that when the job starts it must always be that J = 0 so that firms
make zero profits in expectation as in the model of section 2.2.1. But here it is
obvious that allocations that solve equation (2.2.6) can accomplish a lot more
than in the case of the constrained contracts. Optimal choices of J' define an
implicit sequence of transfers (wages) that could in principle be different from
y at any point in time and in general there is a whole range of outcomes that
is admissible here, and that was not available when contracts were restricted
to be flat. Without loss of generality we can write Wj(a,0) > Wyi(a) where

subscripts I and NI denote models of insurance and no insurance respectively.

This type of arrangement whereby a number of agents pool their resources to
alleviate risks subject to limited commitment is rather common in the literature
(see Attanasio and Rios Rull (2002), Krueger and Perri (2006)) but what is
different here is that wealth is an important state variable along with expected
utility J. Most of the relevant literature analyzes the implications of limited risk

sharing in economies where there are two (or more) ex ante identical agents and
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private partnerships never dissolve. In contrast in the current context, at rate
A each period the worker and the firm separate and wealth is the only way to

contract upon unemployment.

Implications.

Chapter one of this thesis examined the implications of a risk sharing arrangement
between workers and firms that was, at least technically, very similar the one
I use here. I showed that incomplete (limited commitment contracts) provide
some insurance against unemployment but there were also regions of the state
space where complete insurance obtained (that depended critically on whether
the participation constraints were slack). These conditions continue to hold in

this context.

The timing of payments was shown to be central to the notion that firms could
alleviate the risks of unemployment and this feature is summarized in Figure
2.1. It shows wages in the first two periods of the optimal contract (borne out
of the baseline calibration of this chapter) along with the analogous objects of
an arrangement that ignores the constraints in equations (2.2.9) and (2.2.10)
altogether (more precisely the full commitment solution).

The gap between the two first period wage functions indicates the range of
investment possibilities in these two cases. Complete (full commitment) contracts
offer higher compensation against unemployment, by allowing the worker to
accumulate more savings but they violate participation and the two paths differ
precisely where the desired provision of insurance makes the worker better off in
unemployment (the marginal gains from investment are higher when the wealth

endowment is low).

There were also other implications but one that is particularly important here
is that in this simple environment it is possible to implement allocations that solve
the worker’s program in (2.2.6) using severance payments as an alternative margin
of insurance. I establish this in this chapter (I only mentioned this property
preciously) by showing that whenever wealth and severance payments (the latter
is denoted by &) are part of the worker’s optimal control variables, they are
perfect substitutes and that there always exists a payoff equivalent allocation
that sets £ =0 as in (2.2.6).

To see this consider first a model that features complete contracts and both

margins of insurance are available to the firm. Optimal allocations then solve the
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following functional equation: 7:

W(a,J) = max log(—a'+ Ra —r —J +y+ ———J"'— (2.2.13)
v ! a'J'z ov R R
+ p(\U(a™+ -7,0) + (1 —
Subject to the constraint set:
a'> a a+ — >a

it

The following simple Ricardian equivalence argument can be used to establish
that the worker’s program under (2.2.14) is the same as that in equation (2.2.6):
Increase wealth for the employed worker by » and let the new level of assets be
al = a'-\- Also decrease the continuation utility J'by £ and define J = J'—£.
Then clearly W (alJ') = W{(ar,J') since the amount of resources available to
finance consumption for the worker next period is unchanged. Thus a program
that sets £ = 0 and uses next period’s wealth as a single control variable as in
equation (2.2.6) is payoff equivalent to one where both investment in wealth and

7The promise keeping constraint in this case is given by J =y —w + - J' — The

formulation of the value function in (2.2.14) makes use of the fact that with log utility the
promise keeping constraint binds with equality.
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on following Wang and Williamson the real rate of return on savings is set to

zero so that agents in the economy have access to a simple storage technology.

I assume that the search functions are of the following standard form: v; =
1 — e(=7%) and the cost function is quadratic (i.e v(s) = s® where § =2 ). The
parameters 7y; for j=0,1,2,... are calibrated to match certain observations in
the US. In particular Wang and Williamson (2002) use a sample from the CPS
spanning the years 1977-87 and find an unemployment rate of 7.5 % and of these
workers approximately 70 % have had a duration in unemployment of a quarter
or less and 15 % between one and two quarters. For these observations it suffices
to let the reemployment probability drift between the first and second quarters
of an unemployment spell and then remain constant; I obtain -y, = 1.81 (1.855)
and 1 = .62 (.68) for the economy of section 2.2.1 ( 2.2.2) respectively. With
these choices there are three relevant value functions for the unemployed worker
to consider, and one for employed agents and this reduces the computational
burden considerably. Finally separations in the model are pinned down by the
requirement that 70 % of unemployed workers are in state j = 0. The implied
value is A = .0568.

As the baseline UI scheme I adopt the calibration of Wang and Williamson
(2002) whereby the worker earns 50 % of gross after tax income in the first two
quarters of her spell and zero afterwards. Hence the replacement income is of
the following form: b; =.5 For j =0,1and b; =0 For j > 2. Table (1)
summarizes these choices.

TABLE 2.1: THE MODEL PARAMETERS (QUARTERLY VALUES)

Parameter Symbol Baseline
Time Preference I} .99
Real Rate R-1 0
Replacement Rate b .5
Separation Rate A 0.0568
Search Cost Function ) 2

Search Technology v 70, 7>1 (see text)

There is a number of important features that are missing from this analysis.
The first is that all newly unemployed workers in the economy are eligible for the
UI scheme, whilst in reality only a fraction of them qualify for benefits 1. This

1Wang and Williamson (2002) calibrate the fraction of eligible workers to 30% which is the
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severance payments are allowed.

Under limited commitment matters are more complicated but we can always
construct examples where the constraint set is such that allowing for severance
payments makes no difference for optimal allocations. For instance two such

participation constraints are given by the following equations:

J—£>0 W@, J)>Ud+ %,0)

These objects mandate that next period profits are such that the employer would
never find it profitable to dissolve the match and pay £ to the worker, and
that the worker would not want to quit her job and become unemployed when
her resources in that state are given by a' + %. Under these conditions the
equivalence between assets and severance payments as vehicles of insurance is
straightforward to establish. 8

A corollary from this is that the optimal transfers shown in Figure 2.1 are the
result of the particular insurance arrangement considered here and that under
alternative mechanisms one can get more realistic wage profiles out of the model.
Private risk sharing can be reinterpreted as a simple wage and severance payment
scheme and off course the empirical relevance of this arrangement is obvious. °
The caveat from this analysis is that since severance compensation is not uniquely
defined in the model it is also difficult to have an empirical evaluation of the range
of private insurance opportunities in the economy (although imperfect measures

can be constructed).

Finally note that wherever through wealth or severance payments (or any mix-
ture between the two), limited commitment contracts feature complete insurance,
that doesn’t mean that the worker’s entire consumption path is unaffected by
the risk of job separations. On the contrary since in unemployment the worker is
beyond the reach of the firm, her consumption will fall (it just won’t fall in the
first period of the spell if insurance is perfect) through standard wealth effects as

she runs down her stock of assets. That is to say that in this economy there is still

8Note however that an outside option W(a’,J’) > U(a’ + ¢,0) may not be realistic here in
the sense that when the worker quits she may not be entitled to severance compensation.
A constraint of the form W(a’,J') > U(a’,0) however would make an allocation between
assets and severance payments non neutral since by increasing ¢ and lowering o' the
worker’s participation constraint is relaxed.

9For instance Chetty and Saez (2009) use a sample from a survey conducted by Mathematica
on behalf of the department of Labor and find that 15 % of newly unemployed workers
receive severance compensation. See also Pissarides (2004).

82



2.3 Numerical Analysis

ample room for public policy to alleviate the welfare costs of prolonged periods
of joblessness. This is an implication that will prove to be particularly important
for the optimal timing of UI payments considered in section 2.3.2 that contains

the baseline results. The next paragraph defines the competitive equilibrium.

Recursive Competitive Equilibrium

The stationary competitive equilibrium consists of a set of value functions
{Utaj)» Wia,5)} for employed and unemployed workers respectively, and a set
of decision rules on asset holdings {a, (, ),y (o5} and continuation values
( J(a,sy) and search intensity ( s(a,)). It also consists of a level of taxes 7 and
an invariant measure u of agents across assets, employment status and (promised

value to firms) such that:

1) Agents optimize: {U(q,j), W(a,s)} solve functional equations 2.2.6 and 2.2.11
above and optimal policies derive.

2) Taxes and benefits are consistent with Budget Balance: er = 3, u;b;

3) The measure u is consistent: In particular the law of motion of u can be

represented as: 10

d eaJ)+IOGJZ/ a‘ J))d H(u,a,5)

¥ua,5) €

Wee, A7) = (1=X) /

o, . nEAJ (,])ET

Baan =T [ dbeantTiso [, (1=%(s(a,5-1))d puas-n
a(e,a, €A (uaJ 1)e

2.3 Numerical Analysis

2.3.1 Calibration

I briefly explain the choice of parameters and functional forms: Since one period
in the model corresponds to one quarter, the time preference parameter g is set
to .99. Choosing a long horizon serves to make computations more manageable

and for the case in hand it doesn’t seem to matter for the conclusions. Further

10Notice that expected utility J is part of the relevant state space here.
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on following Wang and Williamson the real rate of return on savings is set to

zero so that agents in the economy have access to a simple storage technology.

I assume that the search functions are of the following standard form: v; =
1 — e(=7%) and the cost function is quadratic (i.e v(s) = s® where § =2 ). The
parameters 7y; for j=0,1,2,... are calibrated to match certain observations in
the US. In particular Wang and Williamson (2002) use a sample from the CPS
spanning the years 1977-87 and find an unemployment rate of 7.5 % and of these
workers approximately 70 % have had a duration in unemployment of a quarter
or less and 15 % between one and two quarters. For these observations it suffices
to let the reemployment probability drift between the first and second quarters
of an unemployment spell and then remain constant; I obtain -y, = 1.81 (1.855)
and 1 = .62 (.68) for the economy of section 2.2.1 ( 2.2.2) respectively. With
these choices there are three relevant value functions for the unemployed worker
to consider, and one for employed agents and this reduces the computational
burden considerably. Finally separations in the model are pinned down by the
requirement that 70 % of unemployed workers are in state j = 0. The implied
value is A = .0568.

As the baseline UI scheme I adopt the calibration of Wang and Williamson
(2002) whereby the worker earns 50 % of gross after tax income in the first two
quarters of her spell and zero afterwards. Hence the replacement income is of
the following form: b; =.5 For j =0,1and b; =0 For j > 2. Table (1)
summarizes these choices.

TABLE 2.1: THE MODEL PARAMETERS (QUARTERLY VALUES)

Parameter Symbol Baseline
Time Preference I} .99
Real Rate R-1 0
Replacement Rate b .5
Separation Rate A 0.0568
Search Cost Function ) 2

Search Technology v 70, 7>1 (see text)

There is a number of important features that are missing from this analysis.
The first is that all newly unemployed workers in the economy are eligible for the
UI scheme, whilst in reality only a fraction of them qualify for benefits 1. This

1Wang and Williamson (2002) calibrate the fraction of eligible workers to 30% which is the
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would be an important addition if the focal point here was to assess the welfare
implications of currently active policies in the US, but rather the purpose is to
compare the outcomes of two economies that offer a different menu of insurance
opportunities. Further on making this consideration part of the analysis would
raise additional concerns for how eligibility and non eligibility can be handled in
an economy with contracts, because there optimal policies could in principle be
contingent on the outcome of this lottery. Such additions would complicate the
analysis unnecessarily without being clear how they would affect the ordering of

policies.

The second important omission is capital and there is a good reason why market
clearing conditions for private savings are not part of my analysis here. The work
of Young (2004) shows that capital overwhelms the welfare calculations, and
always the optimal UI scheme features zero benefits. This in my case would throw
off any meaningful comparison between the two economies. The intuition for this
result is simple; when b increases precautionary savings fall and lower equilibrium
capital labour ratios result in lower productivity for active jobs. On the other
hand search theory is filled with examples that produce the converse implication
(just think of a model with a distribution of productivity and reservation wage
policies) and there is no reason to draw the line by including one feature and
leaving out the rest. I leave all these possibilities to future work.

Welfare Criterion. To evaluate optimal policies I assume that the social
planner assigns equal weight to all agents in the economy. The welfare criterion

is of the form:

@ = /W(a) d ,Ule,a + Z/ U(a’>.7)d /’Lu,ﬂ,j
J

and denotes the ex ante utility of the typical agent in the economy. 2 Further on
to rank the various policies I convert the welfare numbers in terms of percentage

consumption using the following calculation:

O, =06+ log(1 +€)

1
1-5

corresponding observation for the US economy
12With optimal contracts the relevant state space includes expected utility of the firm so that:

o= / W(a,J) d pe,a,s + Z/ U(a,5)d pu,a,j
j
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Where Oy is the expected utility in the baseline case and ©; is the analogous
object under the new policy regime. The fraction ¢ is a standard measure of
compensated variation. After each policy change I compute the value of ¢ to

give sense of the magnitude of the associated gains or losses.

2.3.2 Results

There are three dimensions for optimal policy considered in this section. First I
determine the level of optimal benefits in the two economies when duration is
kept constant at two quarters. Then I let the duration of payments be indefinite
and I determine the optimal permanent Ul scheme. Finally I consider a less
constrained optimal policy, one that keeps b constant for two periods and sets a
(potentially different) level of benefits for higher durations.

The result that comes out of the analysis is that the range of private insurance
sets the scope of optimal public policy. I find that the level of benefits is lower
when firms can give additional insurance than in the simple incomplete market
economy with wealth accumulation. Further on the shape of optimal payments
is different in the two economies with the economy of section 2.2.1 having the
typical front-loaded payment scheme whilst in that of section 2.2.2 (with contracts)
payments are typically zero for the first two quarters of an unemployment spell

and positive afterwards.

Section 2.3.2 assigns an interpretation to these differences by looking at the
risk sharing role of private markets and the shape of the worker’s policy functions
for consumption and search, that determine the wealth distribution. The latter
object is central to any meaningful comparison, for in a steady state the asset
holdings of unemployed workers determine the gains for public insurance. There
is much less dispersion in wealth in the baseline incomplete market economy and
to understand whether the differences are important for the results I perform the
following simple experiment: I let the government choose the optimal permanent
level of benefits and a constant tax levi for each worker as a function of her
employment status and wealth, subject to the scheme being self financing. This
is a different requirement than having to rely on the distribution to finance
unemployment compensation and in fact it is similar (dual) to the more standard

program considered in the literature. The finding is that preferred benefits are
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FIGURE 2.2: PERCENTAGE DROP IN CONSUMPTION: 2 ECONOMIES.

Figure 2.2 makes this point by plotting the drop in consumption as a function
of wealth associated with the event of a job loss (these values are borne out of
the steady state calibration). When wages are flat (no risk sharing with firms)
agents have to rely on their savings to insure against unemployment and in this
case consumption drops significantly even for those who have stored sufficient
wealth. On the other hand with optimal contracts there are regions of the state
space where complete insurance obtains and the drop in consumption in the first
period of unemployment is zero. In the first case the steady state allocation is
such that consumption falls on average by roughly 17% for newly unemployed

workers, whilst in the later this statistic is in the order of 7%.

Table (2.3) summarizes this feature and indicates how changes in the level
of benefits impact on private consumption for unemployed workers at various
horizons. The first three columns refer to the percentage drop from one period
to the next for the typical worker holding her wealth constant. For instance the
column labeled 1st is the average loss for workers who are running their first
quarter in unemployment, and fail to find a job next period, but have the same

level of assets.

There are three points that merit attention; First when benefits decrease to
zero newly unemployed workers (column labeled EU) suffer substantially more

losses in one economy than in the other. W ithout private insurance opportunities
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much lower in the economy with private risk sharing which I interpret as an
indication that the impact of the wealth distribution on the ranking of optimal

policies is of second order.

Optimal Policy.

Simple Policies. The baseline results for optimal policy are summarized in
table 2.2. The first row presents the optimal level of Ul in the two economies
when payments are constrained to be constant for two quarters and then zero
forever and the associated welfare gains in terms of the value of e. With flat wage
contracts (no insurance) the value of b that maximizes ex ante welfare is equal
to 1.81 but when insurance opportunities include risk sharing between workers
and firms (as in the model of section 2.2.2) the optimal replacement ratio is 1.32.

With permanent benefits (second row) these numbers are .47 and .39 respectively.

TABLE 2.2: OPTIMAL PoLicy

Insurance No Insurance
b, b>; Gains ¢ b, b>; Gains ¢

2 Quarters (1.32, 0.00) 40% 1.81,0.00)  .40%
Permanent (0.39, 0.39) .59% 0.47 , 0.47) 50%
Unconstrained (0.00 , 0.46) 63% 0.95,0.38)  .63%
No UI (0.00,0.00) -03%  (0.00,000) -21%

~ o~ o~ o~

To give sense of the magnitude of welfare gains that accrue to the economy’s
workforce in steady state, the second and fourth columns of Table 2.2 report
the value of €. For both regimes a move to the optimal policy with benefits
that last for two quarters, is associated with a .40 % gain in welfare whereas
with permanent benefits the gains are .59 % and 50% with and without private
insurance respectively. These gains are not too large but they are still an order of
magnitude larger than what Wang and Williamson (2002) get out of their model
and there are two reasons for this; first in their calibration roughly 70% of all
newly unemployed workers are not eligible for benefits and second workers can
exert search effort on the job to avoid unemployment. With separations being
exogenous here, and eligibility not being an issue, it is no wonder that changes in

b have a larger impact on welfare, since workers face more risks when employed,
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and the scope of the gains from public insurance is wider to include all newly

unemployed workers.

Finally the last row of Table 2.2 presents the percentage losses from a policy
that sets benefits equal to zero in the two economies. Relative to the benchmark
these losses are minuscule with private risk sharing and they are substantially
larger without, which seems to suggest that private and public insurance are
substitutes and that when the government steps down private employers step in

to insure their workforce.

To understand these results notice that both economies present the planner
with the following tradeoff: First to minimize the cost of the scheme optimal
policy must invoke a penalty against long term unemployment (this is a standard
moral hazard interpretation). Second since search becomes much less effective
after a quarter spent in unemployment, part of the planner’s objective is to
minimize the loss of utility associated with long durations. For a policy that
lasts for two quarters this means that benefits must be high enough to allow the
agent to build a buffer against these risks, but then again such a policy cannot
be optimal since the cost of financing insurance unconditionally for everyone is
much larger than financing it conditionally for those who fail to find a job. This
is why permanent benefits can perform so much better.

To address these possibilities I turn to a more flexible policy, one that allows the
planner to treat differently the short and long term unemployed, and investigate
whether it can engineer even larger gains by virtue of optimizing along the
important timing dimension; There is an additional reason why such a comparison
is important between the two economies; since contracts can go a long way towards
insuring the worker against short term unemployment (I give a quantitative
assessment of how far later on) the main concern becomes to manage utility
losses for the long term unemployed and in this environment there could be large
differences in the optimal timing of payments stemming from the insurance role

of private markets.

Flexible Policy. I consider the following experiment: I introduce replacement
income for agents with durations that exceed two periods which I denote by b>;,
and I let the planner choose b and b>; to maximize welfare subject to budget
balance. The results are stacked in the third row of Table 2.2 . Optimal policies
in the absence of private insurance do indeed have the typical shape. They are

front-loaded since part of the planner’s concern is to minimize the costs of the
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scheme by penalizing long durations of unemployment. With private contracts
however they are zero for the first two quarters and positive (equal to .46 )
indefinitely after.

I give the following interpretation to these results; First, when workers can
save, UI benefits need not be decreasing for consumption to be decreasing and
indeed under both arrangements consumption falls through standard wealth
effects when agents run down their assets. In principle in this environment any
timing of payments could be optimal (Werning (2002), Shimer and Werning
(2004)); Second the difference between the two economies is again that with
private contracts the role of insurance against unemployment is partly assigned
to firms and thus benefits need not be large for consumption smoothing at least
in the first period of an unemployment spell. Although the cost of insurance per
worker increases with the duration of her spell (since search is more ineffective
along this dimension) the cost to a society of financing the scheme out of the
distribution of workers is not. In the calibration of both economies there are
substantially more workers unemployed up to than more than 2 quarters and by
setting b = 0 in an environment with private contracts the planner saves a lot in
the tax levi.

How robust are these predictions to changes in the institutional environment,
or to more complicated Ul schemes (say a scheme that sets a potentially different
level of benefits in every quarter) is a point that merits considerable attention
from future work. For instance I find that there is a large range of payment
schedules that perform almost as well as the policy that sets (b, b>1) = (0, 46)
but their allocations and the prediction on who gains who doesn’t amongst
the population differ substantially. It is important however to realize that the
central message of this section is that in the context of an economy where private
and public insurance margins coexist the government would like to devise more
complicated mechanisms to minimize its interference with private markets. Here
more complicated mechanisms have an obvious form; they are related to the
timing of benefits and by postponing benefits the government leaves ample scope

for private insurance and minimizes the costs of financing the UI scheme.

Understanding The Result.

Allocations and Consumption Losses. The range of private insurance op-

portunities lies at the heart of the differences in the scope of public policy here.
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Figure 2.2 makes this point by plotting the drop in consumption as a function
of wealth associated with the event of a job loss (these values are borne out of
the steady state calibration). When wages are flat (no risk sharing with firms)
agents have to rely on their savings to insure against unemployment and in this
case consumption drops significantly even for those who have stored sufficient
wealth. On the other hand with optimal contracts there are regions of the state
space where complete insurance obtains and the drop in consumption in the first
period of unemployment is zero. In the first case the steady state allocation is
such that consumption falls on average by roughly 17% for newly unemployed

workers, whilst in the later this statistic is in the order of 7%.

Table (2.3) summarizes this feature and indicates how changes in the level
of benefits impact on private consumption for unemployed workers at various
horizons. The first three columns refer to the percentage drop from one period
to the next for the typical worker holding her wealth constant. For instance the
column labeled 1st is the average loss for workers who are running their first
quarter in unemployment, and fail to find a job next period, but have the same

level of assets.

There are three points that merit attention; First when benefits decrease to
zero newly unemployed workers (column labeled EU) suffer substantially more

losses in one economy than in the other. W ithout private insurance opportunities
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agents in the two economies. When private contracts are present firms encourage
the accumulation of wealth by front-loading part of the compensation to newly
employed workers whereas without private risk sharing wealth accumulation can
only be financed out of current consumption for these workers. Smaller differences
in the ratios %: also reflect this timing but these don’t have any allocational
implication whatsoever; if say insurance was given through severance payments
which is an equivalent margin of insurance here, then unemployed workers would
hold more assets but all other statistics (unemployment rates, durations etc.)

would be unaffected.

I conclude the following from this analysis; Although the model of section
2.2.2 doesn’t permit to construct empirical measures of the extent of private risk
sharing in the economy (such as severance payments relative to income say),
imperfect measures can be constructed (i.e. consumption losses in unemployment)
and these indicate that the insurance role of private markets is important. Further
on equilibrium allocations are also different in a way that raises some concern of
whether the differences in optimal policy are partly attributed to differences in
the steady state distribution. This is a possibility that I scrutinize in the next
paragraph.

The Wealth Distribution. Figure 2.3 describes the distribution of assets
in the two economies. It shows fractions of agents as a function of the ratio
of current wealth to the steady state level of wealth in the economy without
private contracts (which is equal to 1.05). 1 There are large differences in the
distribution of agents over the relevant state space. For instance the standard
incomplete market model (red bars) predicts that most agents cluster in the
region where wealth is between .75 and 1.25 relative to the average. With private
insurance (blue bars) there is a lot more dispersion in outcomes; more agents near

the borrowing constraint but also a lot more holding higher levels of wealth.

To understand these differences it is important to look at some of the features of
the calibrated solution in the two economies. Figure 2.4 plots the consumption for
unemployed workers for the economy with private insurance. Under the baseline
calibration agents decrease consumption between periods one and two because
the search technology deteriorates, and a further cut back takes place after the

second quarter since government benefits drop to zero thereafter. Further on the

13This serves to make the two distributions more comparable since mean assets differ in the
two economies.
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Figure 2.3: Steady State Distribution of W ealth.

analogous functions for unemployed agents in the incomplete market economy
of section 2.2.1 turned out to be very similar (since the environments present

unemployed agents with a similar program).

W hat explains the differences in allocations is the behavior of employed agents.
In Figure 2.5 I graph these policies showing that there is a large gap in terms of
the overall level of consumption for the generic worker between the two economies.
Consumption is substantially higher at the start of the job for an agent in
the insurance economy because the optimal contract prescribes a path that is
decreasing over time and wealth can be financed through higher initial wages.
In the incomplete market of section 2.2.1 the optimal behavior is to consume
little at the start of the job, accumulate assets and then after a sufficient buffer

is build, consumption and wealth stay constant.

These features explain the shape of the wealth distributions shown in Figure
2.3. In effect in the private insurance model of section 2.2.2 agents that are
’lucky’ enough to experience frequent transitions across labour market states
(employment and unemployment) will also hold higher levels of wealth. This
implication is not counterfactual and in fact it is that is not at odds even with
conventional incomplete market models, since there those agents that face higher
risks of unemployment will also have a stronger precautionary savings motive. It

is inconsistent however with an economy where all agents face the same separation
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the percentage drop given the wealth distribution is 23% when b= 0 and 17%
in the baseline economy. With private insurance these numbers are 7.9% and
7.7 % respectively. Second the drop in consumption from the first to the second
quarter comes from the change in the search technology and the deterioration
of reemployment prospects for the typical worker. Then the possibility of long
term unemployment is much more imminent (or the drop in expected permanent
income larger) and the worker needs to account for this in her optimal path.
Finally consumption between the second and third quarters drops when benefits
are positive but not when they are zero because in the latter case the worker’s

conditions in terms of income or search remain the same.

Aggregating these statistics over all periods would seem to suggest that changes
in UI payments send consumption losses to the opposite direction. However this
implication should not be misconstrued to contradict the findings of Gruber (1997),
that Ul alleviates unemployment risks by minimizing impact on consumption,
because these calculations don’t not account for the drop in wealth from one
period to the other and the differences in the reemployment probabilities of
workers who hold different levels of assets. This is performed in the last column
of Table 2.3 that looks at the percentage drop in consumption of workers who
‘report’ being employed in one year and unemployed in the next (clearly there

are many transitions consistent with this censored spell).

This is precisely the measure constructed by Gruber (1997) and he finds that a
fall in benefits to zero (relative to the current Ul scheme in the US) increases
annual consumption losses from 6.8% to 22 % in his sample (equivalently a rise in
the replacement income of 10% reduces the consumption loss by 2.68%). By this
metric both economies seem to underestimate the importance of publicly provided
insurance precisely because the ability of agents to insure privately (either by
accumulating wealth of through contracts with firms) mitigates the effects of an
unemployment spell on consumption in the steady state. Put differently Engen
and Gruber (2001) estimate that a reduction in the level of benefits by 50%
increase households financial wealth by 14% giving an indication of the extent
to which Ul payments crowd out the precautionary role of assets. Both models
fail to match this elasticity; in the no insurance economy a similar reduction in
UI engineers an increase of roughly 35% in the households net worth and 25%
in the insurance model. It is no wonder therefore that the two models tend to

underestimate the impact of the Ul scheme on risk sharing.

Table 2.4 summarizes some important features of equilibrium allocations in the
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FIGURE 2.4: CONSUMPTION PoLICY FUNCTIONS: UNEMPLOYED AGENTS.

risk since in this case more frequent transitions mean that agents don’t have

enough time to accumulate wealth.

Preferred Benefits. It is clear that these asymmetries are far too important
for the central message of this chapter to be left unexplored. To investigate their
impact I perform the following simple experiment: I let the government choose the
optimal permanent level of benefits (denoted by &) and constant taxes separately
for each worker as a function of her employment status and wealth, subject to the
scheme being self financing (that is the overall discounted cost has to equal zero).
This is a different requirement than having to rely on the distribution to finance
the Ul scheme, and closer to the standard program considered in the literature
whereby an insurance agency sets the level of benefits and taxes to minimize the
costs of insurance, subject to delivering to the worker a prescribed level of utility.
14. Off course since the qualitative features of optimal policies and transitions are
still present it is only an imperfect measure of controlling for the different steady

allocations in the two economies.

More specifically consider a planner that solves the agent’s program in the no
insurance economy (equations (2.2.2) and (2.2.4) in section 2.2.1) subject to the

following laws of motions of costs and taxes:

14See Shimer and Werning (2004) for a similar experiment
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TABLE 2.3: PERCENTAGE DROP IN CONSUMPTION DUE TO UNEMPLOYMENT

Model b Period
EU (1st) (2nd) Total

0.0 .23 17 .00 .30
No Insurance 0.5 .17 .28 .22 .28

0.0 .079 .18 .00 21
Insurance 0.5 .077 .28 31 .20

two environments across alternative policy regimes. Benefits are assumed to last
for two quarters and hence b = .5 corresponds to the benchmark steady state
calibration of the two economies. Columns 1 through 3 give the economy’s rate
of unemployment, the fraction of unemployed workers with duration greater than

2 quarters and the level of taxes needed to finance the scheme respectively.

In both cases (with and without private contracts) associated with increases
in benefits is a fall in search effort and a rise in the number of unemployed
workers and in the incident of long term unemployment. For instance in the
economy without private insurance a value of b equal to unity means that 16.1%
of unemployed workers have spent at least six months looking for work and a
similar value ( 16.6%) obtains when private risk sharing is present. The reason
is that a large upfront provision of insurance encourages savings for unemployed
workers that affect their search behavior even when benefits stop. Further on
notice that insofar as the aggregate labour market is concerned the two economies

share more or less the same response to changes in the policy regime.

TABLE 2.4: ALLOCATIONS

Model b u T uyy; Wealth =
H @ B @ 6
0.0 .0731 0.0 .142 1.97 1.14

No Insurance 0.5 .0750 .033 .150 1.05 1.10
1.0 .0771 .065 .161 0.26 0.82
0.0 .0735 0.0 .145 2.24 1.17

Insurance 0.5 .0750 .033 .150 1.34 1.11
1.0 .0773 .065 .166 0.69 .95

Columns 4 and 5 give the average level of assets in the economy and the ratio of
wealth ( %";) held by employed to unemployed workers respectively. The standard
result that government insurance crowds out the precautionary role of assets

holds in both cases but there are large differences in average wealth held by
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Figure 2.5: Consumption Policy Functions: Employed Agents

CO(a,fe,r) = b- 10N 6TV (as(a),6,r) H A Ci(a,b,T)  (2.3.1)
Ci(a,6.,r) = b- 71~ T(a'(a),b, r)H 6,1)  (2.3.2)
T(a,b,r) =t + i-~T (a'(a),6,r) - -~CO(a'(a), 6, 1) (2.3.3)

Equations (2.3.1) to (2.3.3) represent the laws of motion of the present value
costs (benefits) and taxes (notice that since benefits are permanent only the first
two quarters of an unemployment spell are different). To conserve notation I
let a'(a) and s(a,6,r) be the optimal choice of assets and search intensity for
the generic agent that has a current level of wealth a Further on these objects
generalize in the insurance model of section 2.2.2 the only difference being that
the present discounted value of profits J must be added to the list of state

variables along with assets for the employed agent.

To ensure convergence | assume that the interest rate R equals 1.005 so that the
compound return is 2.02% at an annual horizon. W ith the same discount factor an
increase in the interest rate implies that the employed agent’s consumption in the

optimal contract economy is not as front-loaded and thus if anything the optimal
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agents in the two economies. When private contracts are present firms encourage
the accumulation of wealth by front-loading part of the compensation to newly
employed workers whereas without private risk sharing wealth accumulation can
only be financed out of current consumption for these workers. Smaller differences
in the ratios %: also reflect this timing but these don’t have any allocational
implication whatsoever; if say insurance was given through severance payments
which is an equivalent margin of insurance here, then unemployed workers would
hold more assets but all other statistics (unemployment rates, durations etc.)

would be unaffected.

I conclude the following from this analysis; Although the model of section
2.2.2 doesn’t permit to construct empirical measures of the extent of private risk
sharing in the economy (such as severance payments relative to income say),
imperfect measures can be constructed (i.e. consumption losses in unemployment)
and these indicate that the insurance role of private markets is important. Further
on equilibrium allocations are also different in a way that raises some concern of
whether the differences in optimal policy are partly attributed to differences in
the steady state distribution. This is a possibility that I scrutinize in the next
paragraph.

The Wealth Distribution. Figure 2.3 describes the distribution of assets
in the two economies. It shows fractions of agents as a function of the ratio
of current wealth to the steady state level of wealth in the economy without
private contracts (which is equal to 1.05). 1 There are large differences in the
distribution of agents over the relevant state space. For instance the standard
incomplete market model (red bars) predicts that most agents cluster in the
region where wealth is between .75 and 1.25 relative to the average. With private
insurance (blue bars) there is a lot more dispersion in outcomes; more agents near

the borrowing constraint but also a lot more holding higher levels of wealth.

To understand these differences it is important to look at some of the features of
the calibrated solution in the two economies. Figure 2.4 plots the consumption for
unemployed workers for the economy with private insurance. Under the baseline
calibration agents decrease consumption between periods one and two because
the search technology deteriorates, and a further cut back takes place after the

second quarter since government benefits drop to zero thereafter. Further on the

13This serves to make the two distributions more comparable since mean assets differ in the
two economies.

93



2 Optimal Unemployment Insurance In The Presence of Private Insurance

0.7
0.6
0.5
0.4
0.3
0.2

0.1

<m25 ,5-.75 1-125 1.5-1.75 >2
Fraction of Agents

Figure 2.3: Steady State Distribution of W ealth.

analogous functions for unemployed agents in the incomplete market economy
of section 2.2.1 turned out to be very similar (since the environments present

unemployed agents with a similar program).

W hat explains the differences in allocations is the behavior of employed agents.
In Figure 2.5 I graph these policies showing that there is a large gap in terms of
the overall level of consumption for the generic worker between the two economies.
Consumption is substantially higher at the start of the job for an agent in
the insurance economy because the optimal contract prescribes a path that is
decreasing over time and wealth can be financed through higher initial wages.
In the incomplete market of section 2.2.1 the optimal behavior is to consume
little at the start of the job, accumulate assets and then after a sufficient buffer

is build, consumption and wealth stay constant.

These features explain the shape of the wealth distributions shown in Figure
2.3. In effect in the private insurance model of section 2.2.2 agents that are
’lucky’ enough to experience frequent transitions across labour market states
(employment and unemployment) will also hold higher levels of wealth. This
implication is not counterfactual and in fact it is that is not at odds even with
conventional incomplete market models, since there those agents that face higher
risks of unemployment will also have a stronger precautionary savings motive. It

is inconsistent however with an economy where all agents face the same separation
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risk since in this case more frequent transitions mean that agents don’t have

enough time to accumulate wealth.

Preferred Benefits. It is clear that these asymmetries are far too important
for the central message of this chapter to be left unexplored. To investigate their
impact I perform the following simple experiment: I let the government choose the
optimal permanent level of benefits (denoted by &) and constant taxes separately
for each worker as a function of her employment status and wealth, subject to the
scheme being self financing (that is the overall discounted cost has to equal zero).
This is a different requirement than having to rely on the distribution to finance
the Ul scheme, and closer to the standard program considered in the literature
whereby an insurance agency sets the level of benefits and taxes to minimize the
costs of insurance, subject to delivering to the worker a prescribed level of utility.
14. Off course since the qualitative features of optimal policies and transitions are
still present it is only an imperfect measure of controlling for the different steady

allocations in the two economies.

More specifically consider a planner that solves the agent’s program in the no
insurance economy (equations (2.2.2) and (2.2.4) in section 2.2.1) subject to the

following laws of motions of costs and taxes:

14See Shimer and Werning (2004) for a similar experiment
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2.3.3 Other Models

How robust are the results of the previous sections to changes in the economic
environment? In the first chapter of this thesis I take stock of the vast literature
of search and matching models of the labour market to develop a similar policy
experiment and I reach similar conclusions. I rely on a two alternative equilibrium
concepts; the first one is the undirected search model of Krusell et al (2007) and
Bils et al (2009(a), (2009(b)) (there the no insurance case is represented with
a contract that is rebargained each period) and the second is a variant of the
directed search equilibrium with assets of Acemoglu and Shimer (1999) (there
no insurance corresponds to a flat wage contract). Both models have the same
implication that depending on the range of private risk sharing in the economy

the insurance role of public policy is different.

It is not important to summarize this work here; rather what I seek to address
in this section is whether some important additions to the model that limit
the insurance role of private markets, can throw off the main predictions of the
previous analysis. For this I turn to a model where separations are endogenous
as in the work of Wang and Williamson (2002) and as I explain this feature alone
implies that the optimal contract of section 2.2.2 is fraught with moral hazard
which, as is well known, trades off risk sharing for incentives to maximize the

duration of the job.

The technical treatment of these issues attempted in this chapter is rather
primitive. It appears that there is a growing literature that investigates the effects
of self insurance in partnerships that are fraught with moral hazard or that feature
incomplete information (see Karaivanov and Martin (2009) and the references
therein). For one thing the assumptions about who controls investments in this
context are much less innocuous than before. The previous chapter argued that
fundamental violations of the Euler equation were tiny and in this sense adding
marginal utility as an additional state variable (as in Abraham and Pavoni (2005)
or Werning (2002)) would have no impact on optimal policies. This need not be
the case here however. Further on neither the equivalence between assets and
severance compensation holds, since the latter is a margin of insurance that is

contingent on the observable outcome (separation) whilst the former is not.

These considerations may be important for a more thorough look at optimal
policies by firms and their response to the government’s scheme but this possibility

is left for future work. Further on there appears to be only one paper in the

98



2 Optimal Unemployment Insurance In The Presence of Private Insurance

Insurance

No
Insurance

0.9

0.8

Figure 2.5: Consumption Policy Functions: Employed Agents

CO(a,fe,r) = b- 10N 6TV (as(a),6,r) H A Ci(a,b,T)  (2.3.1)
Ci(a,6.,r) = b- 71~ T(a'(a),b, r)H 6,1)  (2.3.2)
T(a,b,r) =t + i-~T (a'(a),6,r) - -~CO(a'(a), 6, 1) (2.3.3)

Equations (2.3.1) to (2.3.3) represent the laws of motion of the present value
costs (benefits) and taxes (notice that since benefits are permanent only the first
two quarters of an unemployment spell are different). To conserve notation I
let a'(a) and s(a,6,r) be the optimal choice of assets and search intensity for
the generic agent that has a current level of wealth a Further on these objects
generalize in the insurance model of section 2.2.2 the only difference being that
the present discounted value of profits J must be added to the list of state

variables along with assets for the employed agent.

To ensure convergence | assume that the interest rate R equals 1.005 so that the
compound return is 2.02% at an annual horizon. W ith the same discount factor an
increase in the interest rate implies that the employed agent’s consumption in the

optimal contract economy is not as front-loaded and thus if anything the optimal
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literature that attempts to provide an answer to a similar question (Pissarides
(2004)) but again in that analysis the principal (firm) can control all investment
decisions and on top of this contracts are complete. I do think however that the
model of presented in this section can be a good starting point for this research

agenda.

There are two types of arrangements to consider. One derives from an environ-
ment where commitment is abundant and utility promises summarize the history
of the contract and allocations are determined at date zero and specify a path
for the all possible future states. This is similar to the insurance model studied
in section 2.2.2. The other is an environment where commitment is scarce and
allocations have to be re-bargained each period to make the optimal plan time
consistent. This latter case corresponds to a Markov perfect contract whereby
no variable other than the endowment of wealth of the agent can summarize
the histories (see Karaivanov and Martin (2009)). I establish that under some
conditions the optimal policy under this contract is a flat wage similar to the
model of section 2.2.1.

The optimal public policy in these two worlds differs in the same way that
it differed so far. The scope of public policy gains is reduced when private risk
sharing permits agents to mitigate consumption losses in the first period of a
unemployment spell. Further on with less risks (agents choose the separation
rate) the importance of public insurance is dwarfed by the concern to minimize
the outflow rate from employment and indeed in this case I find that in both
regimes the optimal policy features near zero benefits, even when the Ul scheme
is constrained to last for two quarters. Finally the conclusion that the optimal

timing of payments is different is preserved here.

Commitment.

Consider the program with commitment as in section 2.2.2 with the addition that
employed workers can determine the separation rate ~.(s) as a function of the
choice variable s (search intensity). Further on let v(s) be the per period level
of disutility suffered by the worker associated with this choice. The rest of the

setup (interest rates, discounting, taxes etc) is the same as before.

Each period an employed worker’s contract with her firm is summarized in the

promised value J (expected value of cash flows that accrue to the firm) which is
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FIGURE 2.6: PREFERRED BENEFITS: FIRST PERIOD UNEMPLOYED AGENTS.

policies in the two economies are closer than in the baseline model. Further on I
use the same search technology parameters in both economies setting 70 = 1.81
and 7>1 = .62. To calculate the preferred level of benefits, I solve the worker’s
value functions using standard methods (value function iteration) and then I use
the optimal policies to iterate convergence on equations (2.3.1) to (2.3.3). For
a worker with assets a running her first quarter in unemployment it must be
Co(a, 6,r) = 0 for the scheme to be self financing and similarly Ci(a, 6,1r) = o for
an agent that has accumulated more than one quarter in unemployment. For any
given level of b1 use a simple bisection algorithm to bracket the required the tax
levi and then I use a simple grid search method for the optimum over all levels of

benefits.

Figure 2.6 displays the optimal levels of benefits as a function of wealth for
workers in their first quarter in unemployment. The analogous object for agents
with higher durations is almost the same. It is clear that the two economies deliver
largely different levels of preferred government insurance for their workforce with
standard incomplete markets economy having systematically higher levels of
benefits for all unemployed workers. Over the state space the preferred taxes
are lower by 20% to 25% in the economy with private insurance. From this I
conclude that the impact of the wealth distribution is of second order insofar as

the main results are concerned.
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an argument in her value function, and optimal policies consist of a level of wealth
for next period, a continuation value J’ and a level of effort s that determines
the probability of unemployment. Let W(a, J) be the expected lifetime utility
of the worker that solves the following functional equation:

W(a,J) = max log(c) —v(s)+ B((1 —1(s))U(d’,0) +1.(s)W(a', J')) (2.3.4)

a'>a,J's

Subject to the constraint set:

This type of arrangement has wealth and search effort chosen on the same
side as wages and hence it corresponds to an environment where these choices
are both observable (no moral hazard) and contractible. The optimal allocation
would feature (can be characterized by) a set of first order conditions for wealth
and continuation payoffs to the firm (similar to those of the model of section
2.2.2) with an additional object the optimality condition for the level of s. The
latter solves the following equation:

Vv'(s) =+ (s)B(W(d',J') - U(d,0) + u—l'%(gll]') (2.3.5)
where u'(c) denotes the marginal utility of current consumption. Thus the
optimal allocation (with complete information) sets search effort such that the
marginal cost to the worker equals the weighted benefit to her and the firm. On
the other hand when the worker’s action is not observed by the firm, the optimal
choice of search intensity that is incentive compatible sets this last term equal to
zero and incentive compatible allocations rather satisfy the following first order
condition:

v'(s) =v(s)8(W(d', J') - U(d,0)) (2.3.6)

This distinction is crucial for the ordering of optimal policies in the two environ-
ments. For instance a planner that seeks to maximize the duration of existing
jobs will always set a lower level of benefits in the economy where the agent’s
program includes equation (2.3.6) in the constraint set, since the worker doesn’t
internalize the payoff to the firm in her optimal choice. On the other hand since

usually such an addition trades off insurance for incentives in private policies it is
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2.3.3 Other Models

How robust are the results of the previous sections to changes in the economic
environment? In the first chapter of this thesis I take stock of the vast literature
of search and matching models of the labour market to develop a similar policy
experiment and I reach similar conclusions. I rely on a two alternative equilibrium
concepts; the first one is the undirected search model of Krusell et al (2007) and
Bils et al (2009(a), (2009(b)) (there the no insurance case is represented with
a contract that is rebargained each period) and the second is a variant of the
directed search equilibrium with assets of Acemoglu and Shimer (1999) (there
no insurance corresponds to a flat wage contract). Both models have the same
implication that depending on the range of private risk sharing in the economy

the insurance role of public policy is different.

It is not important to summarize this work here; rather what I seek to address
in this section is whether some important additions to the model that limit
the insurance role of private markets, can throw off the main predictions of the
previous analysis. For this I turn to a model where separations are endogenous
as in the work of Wang and Williamson (2002) and as I explain this feature alone
implies that the optimal contract of section 2.2.2 is fraught with moral hazard
which, as is well known, trades off risk sharing for incentives to maximize the

duration of the job.

The technical treatment of these issues attempted in this chapter is rather
primitive. It appears that there is a growing literature that investigates the effects
of self insurance in partnerships that are fraught with moral hazard or that feature
incomplete information (see Karaivanov and Martin (2009) and the references
therein). For one thing the assumptions about who controls investments in this
context are much less innocuous than before. The previous chapter argued that
fundamental violations of the Euler equation were tiny and in this sense adding
marginal utility as an additional state variable (as in Abraham and Pavoni (2005)
or Werning (2002)) would have no impact on optimal policies. This need not be
the case here however. Further on neither the equivalence between assets and
severance compensation holds, since the latter is a margin of insurance that is

contingent on the observable outcome (separation) whilst the former is not.

These considerations may be important for a more thorough look at optimal
policies by firms and their response to the government’s scheme but this possibility

is left for future work. Further on there appears to be only one paper in the

98



2.3 Numerical Analysis

literature that attempts to provide an answer to a similar question (Pissarides
(2004)) but again in that analysis the principal (firm) can control all investment
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