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Abstract

There is a considerable amount of heterogeneity in the individual success of workers on the
labour market. This justifies the existence of social insurance and of redistribution programs.
However, when investigating these policies, it is essential to take into account the search and

informational frictions that characterize the labour market.

The different chapters of this thesis all rely on dynamic macroeconomic representation of the
economy in order to address labour market issues from either a positive or a normative
perspective. The first chapter characterizes the optimal design of labour market institutions in
a dynamic search model of the labour market. Particular attention is paid to the interaction
between the different policy instruments due to the search-induced general equilibrium
effects. The following chapter investigates, from a positive perspective, the impact of growth
by creative destruction on the rate of unemployment when on-the-job search is allowed.
Chapter 3 solves for the optimal provision of disability insurance in a dynamic context with
imperfectly observable health. Chapter 4 characterizes the optimal redistributive policy with
an endogenous decision to retire. Finally, the last chapter investigates, theoretically and
empirically, the long-run interactions between the provision of unemployment insurance and

the cultural transmission of work ethic.



Acknowledgements

I am extremely grateful to my doctoral supervisor, Christopher Pissarides, for his invaluable
encouragements, support and advice throughout the writing of my PhD thesis. I would also
like to thank Tim Besley, Alan Manning, Barabara Petrongolo and Fabien Postel-Vinay for
numerous comments and suggestions. I am also grateful to the seminar and conference
participants where the different chapters of this thesis were presented for their encouraging
and constructive feedback. Finally, I would like to thank my two examiners, Giulio Fella and

Melvyn Coles, for their very constructive feedback.



Table of Content

page

Introduction 9

Chapter 1: Optimal Labor Market Policy with Search Frictions and Risk-Averse

Workers 12

Chapter 2: Creative Destruction with On-the-Job Search 60

Chapter 3: Optimal Social Security with Imperfect Tagging (joint with Oliver

Denk) 86

Chapter 4: Dynamic Optimal Redistributive Taxation with Endogenous

Retirement 128

Chapter 5: Unemployment Insurance and Cultural Transmission: Theory &

Application to European Unemployment 151



Figures

2.1

3.1
3.2
33
3.4
3.5
3.6
3.7
3.8
3.9
4.1
4.2
4.3
4.4
4.5
4.6
4.7
5.1

5.2

53

5.4

5.5

Impact of growth on unemployment as a function of the opportunity cost of
employment

Trade-off between gaps and leakages

Distribution of disability

Disability standard

Difference in means

Consumption of the able and untagged

Consumption of the disabled and untagged

Consumption of the able and tagged

Retirement age

Consumption of the disabled and tagged

Baseline productivity profile

Lognormal distribution of the productivity index a

Lifetime production and consumption as a function of the productivity index a
Budget surplus raised from each type of workers

Retirement age as a function of the productivity index a

Distribution of the retirement age

Intensive and extensive wedges as a function of the productivity index a
The cultural transmission process

Starting from a share of type H close to 1, the economy converges to a stable
equilibrium

Starting from a share of type H close to 1, the economy eventually reaches a no-

rational-expectation-equilibrium point

page

77

93

104

106

106

109

110

110

111

112

142

142

143

144

145

145

146

162

167

168

Starting from a share of type H close to 1, the economy either converges to a stable

equilibrium or reaches a no-rational-expectation-equilibrium point

Convergence to a stable equilibrium with high benefits

168

175



5.6
5.7
5.8
5.9

5.10

5.11

5.12

5.13

No rational expectation equilibrium in 2025 and beyond 176
Convergence to a stable equilibrium with low benefits 176
Effect of decade of birth on willingness to be honest without controlling for age 181

Effect of decade of birth on willingness to be honest allowing for a linear effect of
age 182

Effect of decade of birth on willingness to be honest allowing for a quadratic effect
of age 182

Effect of decade of birth on the probability to think that work should come first 184

Effect of decade of birth on willingness to be honest for three different groups of
countries 185

Correlation between unemployment insurance generosity and the values held in a
country 187



Tables

page
1.1  Exogenous parameter values 36
1.2 Optimal policy under surplus splitting 37
1.3 Optimal policy under surplus splitting with immediate wage renegotiation 39
1.4  Optimal policy under naive surplus splitting 40
1.5  Optimal policy under Nash bargaining with risk-aversion 42
1.6  Optimal policy under surplus splitting and moral hazard 46
1.7  Optimal policy with immediate wage renegotiation 48
1.8  Optimal policy with naive surplus splitting and moral hazard 49
2.1  Parameters 73
2.2 Simulated equilibrium values 73
2.3 Job flows 73
2.4  Impact of growth on the rate of unemployment 76
2.5  Parameters 78
2.6  Simulated equilibrium values 78
2.7  Job flows 78
3.1  Welfare gains compared to unobservable health 114
3.2  Retirement age 114
5.1  Exogenous parameter values 174
5.2 Probit regression 180



Introduction

Most workers only have one job. Labour market outcomes are therefore extremely important
for the welfare of individuals. To a great extent this justifies the existence of social insurance
and of redistribution programs. The effectiveness of these policies is heavily influenced by the
functioning of the labour market. Hence, when analysing these policies, it is crucial to rely on
realistic representations of the search and informational frictions that characterize the labour
market.

The different chapters of this thesis all rely on dynamic macroeconomic
representations of the economy in order to better understand the functioning of the labour
market and of the corresponding policies. Three chapters address these issues from a
normative perspective. They are concerned with the optimal design of labour market
institutions, the optimal provision of disability insurance and the optimal redistributive policy
with an endogenous decision to retire. Two other chapters adopt a positive perspective. One
investigates the effect of growth by creative destruction on the rate of unemployment when
on-the-job search is allowed, while the other investigates how cultural transmission and the
provision of unemployment insurance are intertwined.

The first chapter, “Optimal Labor Market Policy with Search Frictions and Risk-
Averse Workers”, focuses specifically on the consequences of search frictions for the
optimal design of labour market institutions. I jointly derive the optimal level of
unemployment benefits, employment protection, hiring subsidies and income taxes within a
Mortensen-Pissarides framework which induces a trade-off between insurance and
production. My main finding is that, in that context, firing taxes should typically exceed
hiring subsidies and the difference between the two is sufficiently large to finance a large
share of the unemployment benefits. Also, while firing taxes are justified to induce employers
to internalize the social cost of job destruction, they should not be too high as, otherwise, they
would prevent a desirable reallocation of workers from low to high productivity jobs.

In the context of growth by creative destruction, the reallocation of workers from low
to high productivity jobs is essential for the economy to take advantage of technological
progress. A common result in the literature is that growth by creative destruction increases the
equilibrium rate of unemployment. The second chapter, “Creative Destruction with On-the-
Job Search”, revisits this conclusion by arguing that creative destruction naturally induces
workers to engage into on-the-job search. Moreover, with on-the-job search, growth generates
a direct reallocation of workers from low to high productivity jobs without intervening
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unemployment. As a result, it is shown in a calibrated example that the flow of obsolete jobs
practically disappears and that the impact of growth on unemployment becomes close to zero.

While a considerable literature has investigated the optimal provision of
unemployment insurance, there has been relatively little work on the closely related, and
practically even more important, problem of the optimal provision of disability insurance.
Hence, in the third chapter, “Optimal Social Security with Imperfect Tagging”, co-
authored with Oliver Denk, we characterize the optimal provision of insurance against the risk
of permanent disability in a dynamic setup where health is imperfectly observable by the
government. We therefore allow for a more realistic informational friction where the
government has some information on the health status of individuals but nevertheless makes
errors, i.e. awards disability status to some able workers (type II error) and rejects some truly
disabled individuals (type I error).

The macro-labour literature has recently provided new insights about the dynamic
nature of workers’ labour supply problem with a participation margin (see, e.g., Mulligan
2001, Ljungqvist Sargent 2006, Prescott Rogerson Wallenius 2009). Thus, in the presence of
a fixed cost of working, workers can convexify their labour supply problem by alternating
spells of employment and leisure, while smoothing their consumption over time with a risk-
free asset. Thus, in the fourth chapter, “Dynamic Optimal Redistributive Taxation with
Endogenous Retirement”, I characterize the optimal redistributive policy in a dynamic setup
where a fixed cost of working induces agents to make a retirement decision. I show that
redistribution should be done within a Social Security system which induces higher
productivity workers to retire later than others. This contrasts with the corresponding static
analysis with a participation margin where the optimal policy is to implement a tax credit,
such as the EITC in the US (cf. Saez 2002).

The nature of optimal policies differs across countries due to different preferences. For
instance, it is commonly argued that the magnitude of the moral hazard problem induced by
unemployment insurance is larger in Mediterranean countries than in Scandinavia. However,
conversely, in the very long run preferences could also be affected by policies. To capture this
idea, the key insight, initially emphasized by Bisin and Verdier (2001), is that, rather than
being something spontaneous, the transmission of preferences from one generation to the next
results from an optimizing behaviour of parents who weigh the benefits and costs of
transmitting desirable values to their children. In the final chapter, “Unemployment
Insurance and Cultural Transmission: Theory & Application to European
Unemployment”, I rely on a Bisin Verdier framework and argue that the provision of social
insurance could be detrimental to the work ethic of a population. Supportive evidence is
provided in the European context.
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productive. Hence, a typical concern is that government interventions aimed at improv-
ing insurance, such as the provision of unemployment benefits or employment protection,
might also have adverse consequences for aggregate production.

Search frictions are a major source of the trade-off between insurance and production®
since they generate some unemployment and they prevent an immediate reallocation of
workers from low to high productivity jobs. A macroeconomic framework is required to
analyze this trade-off as search frictions induce non-trivial general equilibrium effects on
job creation and job destruction which are key to the reallocation process of workers.
Furthermore, wages could be affected by macroeconomic variables such as the expected
length of an unemployment spell. These general equilibrium effects imply that different
labor market policy instruments do interact among each other. They therefore jointly
influence the provision of insurance and the efficiency of production.

A search model a la Mortensen-Pissarides (1994) with risk-averse workers captures all
the above features and allows for a joint analysis of the different policy instruments. In
this chapter, I therefore rely on such a framework to determine the main characteristics
of an optimal labor market policy. Employment protection takes the form of layoff taxes.
The government can also give hiring subsidies to encourage job creation. The generosity
of unemployment insurance is determined by the level of unemployment benefits. Payroll
taxes could be used to raise revenue. If they happen to take negative values, payroll taxes
could also be seen as employment subsidies. Importantly, it is assumed throughout,
as in most of the literature on the topic, that the government is the sole provider of
unemployment insurance.?

I begin by deriving the optimal allocation of resources chosen by a planner who wants
to maximize the welfare of workers subject to matching frictions and to a resource con-
straint. In this ideal setup, full insurance is provided and aggregate output, net of recruit-
ment costs, is maximized. It turns out that this first-best allocation could be implemented
in a decentralized economy when workers are wage takers. To obtain an efficient rate of
job destruction, layoff taxes should induce firms to internalize the social costs and benefits
of dismissing a worker. The costs consist of the unemployment benefits that will need to
be paid and of the forgone payroll taxes; while the benefit corresponds to the value of a
desirable reallocation of the worker from a low to a high productivity job. Hiring subsidies
are needed to partially offset the negative impact of layoff taxes on job creation. Finally,

1The other major source of the trade-off is moral hazard which will be allowed towards the end of
this chapter.

2The implicit contract literature has argued that risk-neutral firms should be expected to provide
unemployment benefits to risk-averse workers; see, for instance, Baily (1974a) or Azariadis (1975). How-
ever, in reality, such contracts remain the exception rather than the rule. Thus, although somewhat
ad-hoc, the assumption that the private market does not provide insurance seems reasonable and has the
merit of making the analysis transparent. This assumption has nevertheless been relaxed in the optimal
policy analyses of Fella (2007) and Chetty Saez (2008).
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and perhaps surprisingly, payroll taxes should optimally be approximately equal to zero.
Thus, both unemployment benefits and hiring subsidies are almost entirely financed from
layoff taxes.

I then consider a number of deviations from this first-best benchmark. First, I show
that additional government expenditures, to provide public goods for instance, should be
exclusively financed through higher payroll taxes and lower unemployment benefits, even
if this induces a downward distortion to the participation decision of workers. Layoff taxes
should therefore be seen as a Pigouvian instrument which corrects for inefficiencies in the
rate of job destruction, not as a source of revenue to the government. I then turn to the
possibility of a non-insurable utility cost of unemployment. In this context, it is optimal to
reduce the rate of unemployment, which acts as a substitute to the provision of insurance
through unemployment benefits. However, the lower rate of unemployment slows down
the reallocation of workers and therefore fails to maximize output. This illustrates the
conceptual distinction between the welfare maximizing optimal rate of unemployment?
derived in this chapter and the output maximizing rate of unemployment which is central
to the search-matching literature.

I then rely on numerical simulations to explore the optimal policy when workers have
some bargaining power. As the provision of insurance tends to be insufficient, the plan-
ner wants to reduce market tightness in order to decrease wages which, by relaxing the
resource constraint, allows an increase in the level of unemployment benefits. This is
achieved by setting layoff taxes higher than hiring subsidies in order to discourage the
entry of firms with a vacant position. I then allow for moral hazard which generates the
opposite possibility that insurance may be too high, in which case the planner wants to
increase market tightness. However, the simulations reveal that under-insurance remains
the main concern whenever workers have substantial bargaining power. Thus, moral
hazard does not seem to be the most important feature of the fundamental trade-off
between the provision of insurance and the level of aggregate production. General equi-
librium effects on wages and on job creation and job destruction seem to be at least as
important.

This chapter is related to the extensive economic literature on optimal labor market
institutions. The main strand of this literature is on optimal unemployment insurance. In
their seminal work, Shavell and Weiss (1979) and Hopenhayn and Nicolini (1997) focused
on a single unemployment spell and derived the optimal time profile of unemployment
benefits when moral hazard introduces a trade-off between the provision of insurance
and incentives to search. By contrast, Baily (1974b) and Chetty (2006) focused on

the level of benefits, rather than their time profile, in a framework which allows for

3To the best of my knowledge, there is no other paper which derives such an optimal rate of unem-
ployment properly microfounded in terms of the individual risk-averse preferences of workers.
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multiple spells. Importantly, these contributions assume that unemployment benefits are
exclusively financed from payroll taxes and abstract from general equilibrium effects.

The literature on employment protection is mostly positive, rather than normative.
The crux of the academic debate is about the impact of layoff taxes on the level of em-
ployment; with the underlying presumption that layoff taxes are desirable if they decrease
the number of jobless. Bentolila and Bertola (1990) showed, in a partial equilibrium con-
text, that firing costs have a larger impact on job destruction than on job creation and
should therefore be beneficial for employment. This conclusion was challenged by the gen-
eral equilibrium analysis with employment lotteries of Hopenhayn and Rogerson (1993).
Ljungqvist (2002) showed that, in search models & la Mortensen-Pissarides, layoff costs
increase employment if initial wages are negotiated before a match is formed, while the
opposite is true if bargaining only occurs after the match is formed. Importantly, these
contributions either assume that workers are risk-neutral or that financial markets are
complete. Hence, they do not generate any trade-off between insurance and production
efficiency and cannot give sensible measures of the welfare implications of layoff taxes.
These analyses are therefore hardly informative about the optimal level of employment
protection.

While most papers ignore the interaction between different policy instruments, there
are two important exceptions which are closely related to this work. First, Mortensen
and Pissarides (2003)* analyze labor market policies in a dynamic search model with risk-
neutral workers. Since there is no motive for insurance, the best that the government
can do is to maximize output net of recruitment costs. If the Hosios (1990) condition
holds, i.e. the bargaining power of workers is equal to the elasticity of the matching
function, then it is optimal for the government not to intervene. While, if it does not hold,
policy parameters should only be used to correct for the resulting search externalities.
An important insight is that the introduction of unemployment benefits has a positive
impact on wages and, therefore, increases job destruction. This should be offset by higher
layoff taxes. Hiring subsidies should also be increased such as to leave the rate of job
creation unchanged. However, with risk-neutral workers, there is no trade-off between
insurance and production.

The second closely related paper is Blanchard Tirole (2008) which proposes a joint
derivation of optimal unemployment insurance and employment protection in a static
context with risk-averse workers. They show in a benchmark model, which is the static
counterpart to the first-best policy derived in this chapter, that unemployment benefits
should be entirely financed from layoff taxes, rather than payroll taxes, in order to induce
firms to internalize the cost of unemployment.® However, their static framework ignores

4See also Mortensen Pissarides (1999) and Pissarides (2000, chapter 9).
5This policy, often referred to as "experience rating", was originally proposed by Feldstein (1976).
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the adverse effect of layoff taxes on job creation. In fact, as I shall show, in a dynamic
context the share of unemployment benefits financed from payroll taxes is determined by
the job creation side of the economy, which is absent from their framework. Also, and
more fundamentally, a static approach entails an entirely negative view of unemployment;
whereas in a dynamic setting an unemployed worker is a useful input in the matching
process. In fact, to maximize output in an economy without governmental intervention,
the Hosios condition actually mazimizes the rate of job destruction!

Finally, this chapter is also related to a small literature on policy analyses within
dynamic search models of the labor market with risk-averse workers. Cahuc Lehmann
(2000), Fredriksson Holmlund (2001) and Lehmann van der Linden (2007) focus on the
optimal provision of unemployment insurance under moral hazard. All three contributions
pay particular attention to the general equilibrium effects of unemployment insurance and
to their consequences for the overall provision of insurance. Interactions with layoff taxes
are nevertheless ignored.

Acemoglu Shimer (1999, 2000) showed, in the context of directed search with risk-
averse workers, that higher unemployment benefits could improve the quality, and pro-
ductivity, of job-worker matches. By contrast, in this chapter, match quality is unrelated
to the length of unemployment. Alavarez Veracierto (2000, 2001) rely on calibrated search
models with risk-averse workers to investigate the effects of different labor market poli-
cies. However, their approach is entirely positive and does not attempt to characterize
optimal policies.®

In a closely related chapter, Coles and Masters (2006) show that there is some comple-
mentarity between the provision of unemployment insurance and that of hiring subsidies.
The idea is that, by boosting the job creation rate, subsidies exert a downward pressure
on unemployment and, hence, on the cost of providing unemployment insurance. How-
ever, their model does not have an endogenous job destruction margin and, therefore,
cannot be used to determine the optimal level of employment protection.

This chapter begins, in section two, with a brief reminder of the key features of
the Mortensen-Pissarides (1994) framework, on which all subsequent work relies. In the
following section, I derive the first-best policy, which then serves as a benchmark. Section
four investigates how government expenditures should be financed when payroll taxes and
layoff taxes are both potential sources of revenue. I then turn to the consequences of a
non-insurable utility cost of unemployment. Section six relies on numerical simulations to
investigate optimal policies when workers have some bargaining power. Finally, the last

Other related contributions on the topic, and mostly in favor of such policy, include Topel Welch (1980),
Topel (1983), Wang Williamson (2002), Cahuc Malherbet (2004), Mongrain Roberts (2005), Cahuc
Zylberberg (2008) and L’Haridon Malherbet (2009).

6Ljungqvist Sargent (2008) also investigate the interactions between unemployment insurance and
employment protection in a positive analysis of the labor market, but with risk-neutral workers.
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section deals with the consequences of moral hazard. This chapter ends with a conclusion.

2 Search Model

Before solving for optimal policies, it is necessary to describe the main characteristics
of the dynamic search model on which all subsequent work relies. The structure of the
economy corresponds to the standard Mortensen-Pissarides (1994) framework. Produc-

tion requires that vacant jobs and unemployed workers get matched, which occur at rate:
m = m(u,v), (1)

where u stands for the number of unemployed and v for that of vacancies. For simplicity,
each firm can employ, at most, one worker and the mass of workers is normalized to
one, so that u also stands for the rate of unemployment. The matching function m is
increasing in both arguments, exhibits decreasing marginal product to each input and
satisfies constant returns to scale. It follows from this last assumption that the key
parameter of interest, which summarizes labor market conditions, is market tightness
defined as the ratio of vacancies to unemployment, § = v/u. The rate at which vacant
jobs meet unemployed workers is given by:

m(u,v) u o\ 1 _
2 —m (2,1) =m (5:1) = 400 @
where ¢ is a decreasing function of . Similarly the rate at which unemployed workers
find jobs is:

m(u,v) _

=m(1,6) = 0g(6). 3)
The elasticity of the matching function, to which I will subsequently refer, is defined as:”

_ 6 dq(0)
n(f) = ~26) 6 (4)

The other main feature of the Mortensen-Pissarides model is that the productivity of
a match is subject to idiosyncratic shocks. Production starts at maximal productivity,
normalized to 1. The idea is that recruiting firms are prosperous and initially provide
their employees with the best available technology.® At Poisson rate ), the match is
hit and a new productivity z € [¢,1] is randomly drawn from c.d.f. G(z). The match

"Note that 7 is the elasticity of the matching function with respect to the number of unemployed, i.e.
7= ﬁg—’:, and 1 — 7 the elasticity with respect to the number of vacancies, i.e. 1 —n = %%—T.

8This assumption, which is standard in the search-matching literature, is also made for convenience
and its importance should not be overstated. Indeed, firms base their recruiting decisions on the expected

net present value of a new match rather than on its initial productivity.
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dissolves if the new productivity is below a threshold R, to be determined. Additional
details will be given as the optimal policy is being derived.

3 First-Best Policy

The optimal policy is derived in two steps. First, I characterize the optimal allocation of
resources chosen by a benevolent social planner. Then, I turn to its implementation in a

decentralized economy with free entry of risk-neutral firms.

3.1 Optimal Allocation

The optimal allocation maximizes a utilitarian social welfare function subject to a resource
constraint and to the search frictions that characterize the labor market. It is therefore
the solution to the following problem:

e /Ooo e (1 — w)v(w) + wv(z + b)) dt (5)
subject to @ = AG(R)(1 — u) — 0q(6)u (6a)
§ = 0g(8)u + A(1 — u) /R sdG(s) = My (6b)
lI-vw+ub=y—clu (6¢c)

where p stands for the planner’s (or workers’) discount rate, w for the net wage that
an employee receives, z for the value of leisure, b for unemployment benefits, y for the
aggregate output of the economy and ¢ for the flow cost of posting a vacancy. The in-
stantaneous utility function of risk-averse workers is denoted by® v(.), which is increasing
and concave. '

The plaﬁner’s objective is to maximize intertemporal social welfare, which, follow-
ing a utilitarian criteria, is composed, at each instant, of the instantaneous utility of u

unemployed and 1 — u employed workers'’

. The first constraint depicts the dynamics
of unemployment, driven by the difference between the job destruction flow and the job
creation flow. A match dissolves when it is hit by an idiosyncratic shock that generates

a new productivity below the threshold R, which occurs at rate AG(R). This rate of job

9In the previous section v denoted the number of vacancies. However, this variable will not appear in
the rest of the text (except when I define the matching function under moral hazard in the last section
of the chapter). I focus instead on 6 and u and, where needed, v is just replaced by fu.

10An alternative would be to maximize the weighted average between the expected utility of an em-
ployed and of an unemployed worker. Such objective function would be more appropriate for political
economy work focusing on the conflict between insiders and outsiders. However, without time discount-
ing, this would be identical to the planner’s objective retained in this chapter.
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destruction applies to the mass 1 — u of existing matches. Job creation is simply equal to
the rate at which unemployed workers find jobs, 6¢(6), multiplied by the mass u of job
seekers. It should be emphasized that this first constraint captures the fact that even the
social planner is subject to matching frictions. The second constraint gives the dynamics
of aggregate output, y. At each instant, §g¢(6)u new matches are formed and each of
these has a productivity of 1. The 1 — u existing jobs are hit at rate A by idiosyncratic
shocks which destroy their current productivity and replaces it, in case of survival, by
a randomly drawn number greater or equal to the threshold R. Finally, any feasible
allocation must satisfy the economy’s resource constraint. The expenses, composed of
the wages paid to the employed and the benefits paid to the unemployed, cannot exceed
total output net of the resources allocated to recruitment, which amount to a flow cost ¢
paid for each of the fu vacancies. The planner’s control variables are market tightness 6,
threshold productivity R, net wage w and unemployment benefits b. The state variables
are unemployment u and aggregate output y.

The planner’s problem is straightforward to solve using standard optimal control
techniques. The first characteristic of the optimal allocation is perfect insurance for
workers:

w=2z+Db, (M

which follows directly from risk aversion, i.e. from the concavity of v(.). This could be
combined with the resource constraint, (6¢), to give the optimal value of w and b:

w = y-—chu+ zu, (8)
b = y—clu—z(1—u). 9)

Note that perfect insurance necessitates a replacement ratio smaller than one whenever
the value of leisure, z, is strictly positive. The optimal value of # and R is implicitly
determined by the following two first-order conditions:

1-R c
[1 - n(6)] 2T 20 (10)
Rery 10 A [ (s = R)dG(s), (11)

C — ——
1 —n(0) p+AJr

where 7(6) denotes the elasticity of the matching function, cf. equation (4). These two
optimality conditions are exactly identical to the one derived in Pissarides (2000, chapter
8) for net!! output maximization. This is not surprising as, when nothing prevents the
provision of full insurance, the best that the planner can do is to maximize output.

HUnder risk neutrality, the optimal policy is to maximize the net present value of the flow of net
output, where this flow is given by y — cfu + uz.
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The first equation, (10), corresponds to optimal job creation. The cost of job creation
consists of the flow cost of having a vacancy, ¢, multiplied by the expected time that
has to be spent before a worker could be found, 1/g(f). The value of a newly created
match is equal to (1 — R)/(p + A). However, optimally, recruitment costs should only
absorb a fraction 1 — 7(6) of this value, otherwise there is too much job creation and an
excessive amount of resources is allocated to recruitment. Equation (11) gives optimal
job destruction. In the static context of Blanchard Tirole (2008), the optimal threshold is
just equal to the value of leisure, i.e. R = z. Making the model dynamic yields two extra
terms. First, when a low productivity job is destroyed, the corresponding worker returns
to unemployment with the hope of finding a new job with productivity 1. To make this
explicit, the corresponding term of equation (11) could be rewritten, using (10), as:
et = baOn(O) s
TS |

- a0 ;5 (12

This says that, once a job is destroyed, an unemployed worker gets matched at rate 6¢(9)
which generates a social value of (1 — R)/(p + A) net of the expected recruitment cost
¢/q(0). In other words, the threshold R has to be sufficiently high to induce an efficient
reallocation of workers from low to high productivity jobs. The second additional term
to the expression for the optimal threshold R corresponds to the option value of a match.
Even if current productivity is very low, keeping the match alive preserves the option of
being hit by an idiosyncratic shock that restores a profitable level of productivity. The
option value decreases the optimal threshold R.

The optimal allocation of resources chosen, in steady state, by a benevolent social
planner is characterized by the first-order conditions (7), (10) and (11) together with the
constraints (6a), (6b) and (6¢) with & =y = 0.

3.2 Implementation

Having characterized the optimal allocation, I now turn to its implementation in a de-
centralized economy. Four stages of interest could be distinguished.

e Stage 1: The government chooses the level of unemployment benefits b, payroll

taxes 7, layoff taxes F' and hiring subsidies H.
e Stage 2: Entrepreneurs decide whether or not to create a firm with a vacant position.

e Stage 3: Once a match occurs, the employer and employee agree on a wage rate.
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e Stage 4: Firms choose a threshold productivity R below which a match hit by an
idiosyncratic shock dissolves.

I now proceed by backward induction and start by determining the threshold R chosen
by a risk-neutral employer. The asset value of a producing firm with productivity z, J(z),
solves the following Bellman equation:

rJ(z) = 7 — (w+7) + A /R ' 7(5)dG(s) — AG(R)F — A (z), (13)

where 7 denotes the interest rate, w the net wage that the worker receives and w + 7 the
gross wage paid by the employer. Note that, in this framework, the planner’s discount rate
p does not have to coincide with the economy’s interest rate r. This Bellman equation
states that, for a firm, the flow return from having a filled job with productivity z is
equal to the instantaneous surplus it generates to which the possibility of a change in
productivity should be added. An idiosyncratic shock destroys the value of the firm
at the current productivity and replaces it by either a corresponding expression, if the
new productivity is above the threshold, or by the cost of layoff'?, if the match is to be
destroyed. As J(z) is strictly increasing in z, employers’ chosen threshold R is determined
by:

J(R) = —F. (14)

This says that, at the threshold, employers are indifferent between closing down and
continuing the relationship. Simple algebra'® on (13) and (14) gives the expression for
the value of R chosen by firms:

A 1
R=w+'r—rF—;-+—)\/R(s——R)dG(s). (15)

The threshold productivity is smaller than the cost of labor because of the firing tax
and of the option value of continuing the match. Note that, for this to be possible,
firms must be able to borrow and lend from perfect financial markets, an assumption
that is maintained throughout this chapter. Equation (15) is our first implementability
constraint.

Let us now turn to the determination of the wage rate that occurs at Stage 3. The

formation of a match generates a surplus that needs to be shared between the two parties.

12Throughout this chapter, it is assumed that firms are able to pay the layoff tax. Blanchard and
Tirole (2008) investigate the consequences of having employers constrained by shallow pockets. See also
Tirole (2009) for a deeper analysis on the topic which allows for extended liability to third parties.

13An analytic expression for the function J(.) could be obtained by taking the difference between
equation (13) evaluated at = and the same equation evaluated at R. This expression for J(.) could then
be substituted into (13) evaluated at R. Finally, (15) is obtained by plugging (14) in.
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But, from equation (7), optimality requires that the net wage paid to a worker, w, is equal
to the wage equivalent of being unemployed, z + b. This leads to following lemma:

Lemma 1 A necessary condition to implement the first-best allocation is that workers
are wage takers and that all the surplus from matches is captured by firms. This ensures
that, as desired:

w=2z+b. (16)

The intuition for this result is straightforward. If workers have some bargaining power,
they will obtain a mark-up over and above their outside option which is the income
they get while unemployed. But this prevents the provision of full insurance which is
a characteristic of a first-best allocation.!* Clearly, with a binding resource constraint
(6¢c) and perfect insurance, the optimal values of w and b are still given by (8) and (9),
respectively.

In the context of this chapter, the requirement that workers have no bargaining power
could also be seen as part of the optimal policy to be implemented!®. For example,
the labor market could be organized in such a way that firms and workers first meet
without exchanging any information on the wage rate. Then, firms make a take-it-or-
leave-it offer to workers. Note that, here, a minimum wage would be detrimental to
insurance. Excessive monopsony power of firms should rather be dealt with traditional
policy instruments such as payroll and layoff taxes, hiring subsidies and unemployment
benefits.®

Finally, the following corollary is an immediate consequence of the above lemma:

Corollary 1 The first-best allocation cannot be implemented when the Hosios condition
holds, i.e. when the bargaining power of workers is equal the elasticity of the matching
function n(0).

The Hosios condition balances search externalities on both sides of the market such that,
without government intervention, output is maximized. It is, however, inconsistent with
the provision of perfect insurance. Since the optimal allocation of resources is character-
ized by output maximization, cf. (10) and (11), and workers have zero bargaining power,
the optimal policy will correct the rates of job creation and job destruction for the failure
of the Hosios condition to hold.

141t should be noted that, in their benchmark case, Blanchard and Tirole (2008) also assume that the
bargaining power of workers is nil. Thus, the first-best benchmark derived in this section is a dynamic
counterpart to theirs.

15In an environment with Nash bargaining, one solution proposed by Lehmann and van der Linden
(2007) consists in setting a marginal rate of income taxation equal to 100%.

16See Cahuc Laroque (2009) for a similar argument in a redistributive context.
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Stage 2 is solved by assuming free entry. Vacancies keep being created by entrepre-
neurs until the returns from doing so reduce to zero. More formally, the value of a vacant
position, V, solves:

rV=—c+q@)[JQ1)+H-V]. (17)

This states that the return from a vacancy consists of the flow cost of recruitment, ¢, and
of the possibility of filling the position at rate g(6) which yields the value of an active
firm with productivity 1. The employer also qualifies for a hiring subsidy, H, when he
hires a worker. Free entry implies:

V=0 (18)

The amount of job creation could then be determined by plugging (18) into (17) and by
using the value of J(1) deduced from (13) and (14). This gives:

1-R c

—— —F=———-H. 19

r+ A q(6) (19)
The left hand side is the value of a new match to a firm, J(1); while the right hand
side corresponds to the expected cost of recruiting a worker. Equation (19) is our second
implementability condition.

At Stage 1, the government needs to choose the optimal policy. The corresponding

implementability condition is the usual government budget constraint:

1 —u)r+ (1 —u)AG(R)F = ub+ ufq(0)H. (20)

Revenues consist of payroll taxes paid by employed workers and of layoff taxes applied to
the job destruction flow; while the expenses are the payment of benefits to the unemployed
and of hiring subsidies to the flow of newly created jobs.

It is now straightforward to find the optimal policy by matching the implementability
conditions to the equations that characterize the first-best allocation. More specifically,
(19) should be combined with (10) and (15) with (11). This gives:

1-R p—r1—-R

F-H= 21
Ot ey (21)

n(6) r—p A /1
_ _ _ 22
rF=b+7 1—17(9)69+r+/\p+)\ R(s R)dG(s), (22)

where 6 and R are jointly determined by (10) and (11). These are key equations char-
acterizing the optimal policy in the benchmark model. They ensure that the rate of job
creation and job destruction prevailing in the decentralized economy coincide with the

planner’s optimum.
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These conditions have a potentially insightful interpretation. Let us start with the
implementation of the optimal level of job creation, (21). Under free entry, firms should
only capture a fraction 1 — 7(6) of the surplus from a match; otherwise, entry is too high
and too many resources are allocated to recruitment. However, employers have all the
bargaining power and this must be offset by setting a firing tax that exceeds the hiring
subsidy in order to reduce job creation to an efficient level. The second term is just a
correction in case the planner’s discount rate p differs from the market interest rate r.
If the planner is more patient than market participants, p < r, then the social value
of a new match exceeds the private value perceived by entrepreneurs. This problem is
addressed by raising the hiring subsidy for a given firing tax. Condition, (21), could also
be seen as a correction for the failure of the Hosios condition to hold. If it did hold, then
output maximization would only require F' = H.

Let us now turn to the interpretation of the equation implementing the optimal level
of job destruction, (22). As can be seen from (15), a layoff tax only affects the threshold
R if firms discount the future, » > 0. Indeed, any match will eventually be destroyed
and, hence, by not laying off its worker now, the firm is only postponing the payment of
the tax. Thus the relevant cost imposed by the layoff tax is rF, rather than just F'.

A firm that dismisses its worker imposes a double externality on the financing of
unemployment insurance. First, the worker will qualify for benefits and, second, he
will no longer contribute to its funding by paying payroll taxes. The layoff tax should
therefore be sufficiently high to ensure that employers internalize these effects. This is
the main message of Blanchard Tirole (2008)'7. The additional insight that is obtained
by extending the analysis to a dynamic context is that there is also a social benefit from
laying off a worker: it allows a desirable reallocation of this worker from a low to a high
productivity job. This is captured by the third term of equation (22) which was given
an intuitive interpretation when the optimal allocation was derived, cf. equation (12).
This effect reduces the net social cost of dismissal and, hence, the level of the optimal
layoff tax. Again, from an output maximization perspective, the condition for optimal
_job destruction implicitly corrects for the failure of the Hosios condition to hold. If it did
hold, then wages would be sufficiently high for this third term to drop out of the equation.
Finally, if p = r, then the option value of keeping the match alive is properly taken into
account by firms and therefore does not affect the size of the optimal layoff tax. However,
a correction is needed if the planner’s discount factor differs from the interest rate. For
example, if the planner is more patient than entrepreneurs, p < r, then the option value
is larger for the social planner than for firms and, hence, the layoff tax needs to be raised.

17In fact, in Blanchard Tirole (2008) payroll taxes do not appear as they should optimally be set
equal to zero. However, Cahuc and Zylberberg (2008), who propose a generalization to the case where
the government needs to raise taxes on income in order to redistribute wealth across heterogeneous
individuals, did explicitly have them affecting the level of layoff taxes.
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The level of payroll taxes is simply pinned down by the remaining implementability
constraint, i.e. by the government budget constraint, (20). Using the fact that, in steady
state, the job creation flow is equal to the job destruction flow, (1 — u)AG(R) = ufq(0),

we obtain:
U

T =

(o= 6q(6)(F ~ F)]. (23)

An important insight from this analysis is that the job destruction side of the economy
determines the level of layoff taxes, F'; while the job creation side determines the difference
between layoff taxes and hiring subsidies, F' — H. Note that this result is fundamentally
due to the implementability conditions, (15) and (19), and will therefore remain true in
all extensions of the benchmark model. An important implication, which follows from
(23), is that the share of unemployment benefits financed from payroll taxes is essentially
determined from the job creation side of the economy, a margin that is absent from
Blanchard Tirole (2008).

Further insights on the optimal level of payroll taxes could be gained by replacing
F — H in (23) by its value from (21), which, after some straightforward rearrangement
using (10), yields:

U 1-R

[b—f)q((’) [m - fg)] +9q<9)r+>\p+>\

The flow of unemployment benefits, b, constitutes the social cost of having an unemployed

T =

’"_pl_R]. (24)

1—u

worker. The second term represents the corresponding social benefit. Indeed, at rate
6q(6), an unemployed finds a job which generates a social value equal to the expected
profits from production net of the recruitment costs. If r > p, the value of a match to an
entrepreneur is smaller than its social value. This should be offset by having sufficiently
large hiring subsidies. But this is costly to the government and, hence, payroll taxes need
to be raised accordingly.

Since the optimal rate of unemployment should ensure that the social benefits from
joblessness is not too distant from its social cost, we expect the first two terms in (24)
to be close to each other. In fact, with time discounting, we expect the first term to be
slightly larger than the second one since the benefit will only be realized in the future.
This intuition is formally confirmed by rewriting the expression for the payroll tax, (24),
as:

r=—2 u[ Y —R]+r“pAGual—R (25)

Tp+N [1-u T+ A P+ A
This expression is derived in Appendix A. Hence, without time discounting, i.e. p = r = 0,
payroll taxes are not part of the first-best policy. In this case, both unemployment

insurance and hiring subsidies should be financed, exclusively, from layoff taxes.
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The intuition is that the optimal rate of unemployment is such that the social cost is
equal to the social benefit of having an unemployed worker. The key element is that, with
free entry and zero bargaining power to workers, the social benefit is entirely captured
by the government as fiscal revenue. Similarly, the social cost, i.e. the unemployment
benefits, is a government expense. Hence, the two cancel out of the budget constraint
and payroll taxes could be set equal to zero.

The optimal policy could now be fully characterized.

Proposition 1 When workers are wage takers, the first-best allocation could be imple-
mented by choosing the policy instruments b, H, F' and 7 that satisfy equations (9), (21),
(22) and (25).

Knowing that the first-best allocation is implementable, we could derive the equilibrium
rate of unemployment by setting & = 0 in the equation determining the dynamics of
unemployment, (6a). This yields the well known expression:

AG(R)

" X6 + a0y )

This equation nevertheless has an interesting new interpretation in this framework. Whereas,
for optimal values of § and R, this is the output mazimizing rate of unemployment'® with
risk-neutral workers; here, given the microfoundations laid in terms of risk-averse work-
ers, this is the optimal rate of unemployment. Not only could unemployment be too low
from an output maximization perspective, it could also be too low from a welfare point

of view, which is conceptually very different.

4 Financing of Public Expenditures

A characteristic of employment protection in the proposed framework is that it generates
some revenue to the government. Thus, a natural question to ask is whether layoff taxes
should be higher when governmental expenditures are higher. This question is particu-
larly interesting in a second-best environment where the financing of public expenditures
distorts the labor supply decision of workers. I therefore add a participation margin to
the previous model.

People who choose to remain out of the labor force enjoy a dollar value of leisure
equal to [. The distribution of [ across agents in the economy is given by the c.d.f. K(I).
Thus, there exists a threshold ! such that agents choose to work if and only if their value

18This is often referred to as the "efficient rate of unemployment" in the search-matching literature
with risk-neutral workers.
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of leisure ! is smaller or equal to [. In a decentralized economy, the value of the threshold
[ is privately chosen by workers.

4.1 Optimal Allocation

As in the previous section, I begin by determining the optimal allocation of resources.
The population is normalized to 1. Let I denote the number of people out of the labor
force, N the number of employed workers and U that of unemployed. We clearly have
1=I+N+UandI=1-K(l). Thus, N+ U = K(I). The optimal allocation is the
solution to:

o Ooo e Pt [Nv(w) + [K(I) = N] v(z +b) + ‘Aw v(l)dK(l)] dt (27)

subject to N = 6q(6) [ (1) - ] AG(R)N (28a)
= 0g(6) [K( ] +AN / sdG(s) — Y (28b)
Nw+ [K(l) - ] b=Y —c[K()-N] - E (28c)

where Y stands for aggregate production and E for the resources allocated to the public
expenditures. It is assumed that non-participating workers are not eligible for unem-
ployment benefits.!®* Note that the dynamic evolution of employment N is used as a
constraint, (28a), instead of that of unemployment U. In fact, here, the number of un-
employed, U = K(I) — N, is not a state variable as non-working agents who decide to
enter the labor force have to transit through unemployment. Conversely, with less than
full insurance, marginal workers who decide to leave the labor force must be unemployed.
The above formulation implicitly assumes that this is still the case with perfect insurance.
In other words, U is not a state variable as it jumps when the control variable / jumps.
The optimality conditions are identical to those of the previous section. Perfect in-

surance is still desirable, which combined with the resource constraint (28c), gives:

Kl)w = Y-cf[K(1)-N]+[K()-N]z-E, (29)
K(}p = Y—-c[K()—N]-Nz-E. (30)

The optimal values of § and R are still determined by equations (10) and (11). The only
novelty is the condition for the optimal participation threshold I, which in steady state,

19This assumption, which is standard in the search-matching literature with endogenous participation
and unemployment compensation (see, for instance, Sattinger 1995 and Garibaldi Wasmer 2005), is
consistent with job search being observable and the associated absence of moral hazard.

27



is:

1 N E
[(1 R)G(R) + /R (s — R)dG(s)} ok
Without public expenditures, £ = 0, and with perfect insurance, we would expect to
obtain [ = w = z + b. But, as can be seen from the first term on the RHS of (31), such
is not the case when the planner discounts the future, i.e. when p > 0. The intuition

vw)— o) __p
v (w) p+A

for w = z + b > [ is that, initially, when a person enters the labor force, he becomes
unemployed and qualifies for unemployment benefits, which is costly to the government,
while he will only become productive in a more distant future. Conversely, if we had
assumed that the transition was directly from outside the labor force to employment,
without intervening unemployment, we would have obtained w = z + b < [ since, in this
case, the marginal worker is producing and therefore relaxes the resource constraint, (28c).
Anyway, the first term of the RHS of (31) is not very interesting for our purpose and would
vanish by assuming either p = 0 or that workers enter the labor force with a probability
u of being unemployed and 1 —u of being employed, where u = (K (I) — N)/K(l) denotes
the rate of unemployment.

When E > 0, the interesting term in (31) is the last one. When some public expendi-
tures need to be financed, it is desirable to have a larger share of the population working,
I > w = z+ b. This increases the number of households who contribute to the financing
of the government expenditures. In other words, the social value of participation, I, is
larger than the private value that a worker derives, w = z + b. The failure of workers to
internalize the entire social value of their participation decision explains why, as we shall
see, it is not possible to implement a first-best allocation of resources in a decentralized
economy.

4.2 Optimal Policy

I now turn to the determination of the optimal policy in an economy where workers
have no bargaining power, i.e. where w = 2z + b. The implementability constraints for
job destruction and job creation are the same as before, i.e. (15) and (19), respectively.
Public expenditures, E, should be added to the government budget constraint which then
becomes: '
N7+ NAG(R)F = [K(l)— N] b+ [K(I) — N] 0q(0)H + E. (32)
The novelty is that workers privately choose whether to participate or not and the govern-
ment cannot influence this decision by taxing the leisure of non-participating individuals.
Thus, workers will only participate if their value of leisure, [, is lower than the income

they get while participating. This yields a new implementability constraint for I which,
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under perfect insurance, is?:
l=z+b. (33)

But, this cannot be reconciled with the first-best choice of I given by equation (31).
Hence, the first-best allocation is not implementable here.

The optimal policy is instead derived by adding the implementability constraints to
the planner’s problem. Now, (27) should be maximized under the previous constraints
(28a), (28b), (28c), the equilibrium wage when workers have no bargaining power, i.e.
w = z + b, and the binding implementability constraint (33). This yields the optimal
second-best policy. Strictly speaking, the other implementability constraints, (15), (19)
and (32), should also be included. However, they can be safely omitted as they form a
system of three equations in three unknowns, 7, F' and H, which do not appear elsewhere
in the problem.

I have just described how the optimal policy should be derived when workers have no
bargaining power. But note that, in a second-best environment, it is not clear that perfect
insurance is still desirable. Hence, the corresponding policy might not be second-best
but third-best.?! To check this, the above problem should be solved without imposing
any restriction on the net wage w, which could then be treated as a control variable.
Importantly, the implementability constraint for I needs to be changed; (33) should now
be replaced by:

o(l) = (p+ AG(R)) v(z + b) + 0q(0)v(w) ’ (34)
p+ AG(R) + 6¢(0)

which says that the marginal worker’s utility from not participating must be equal to

the expected utility from unemployment. It turns out that, with no discounting, p =
0, perfect insurance is still desirable. With discounting, p > 0, insurance should be
less than perfect in order to deter the entry of new workers who would initially all be
unemployed and would all qualify for unemployment benefits. This is related to the first
term on the RHS of equation (31), which, as previously argued, is not really interesting.
What is important is that, as far as the government expenditures E are concerned, the
impossibility of implementing the first-best level of participation does not justify any
departure from perfect insurance. This is intuitive since the suboptimally low level of
participation is due to the existence of a wedge between the social and the private return
from work which can only be worsen by under-providing insurance to workers.

Let us now turn to the characteristics of the optimal policy when workers are wage
takers. Under perfect insurance, the level of benefits b is still given by equation (30)

20Tt is implicitly assumed that the leisure value of unemployment, z, is sufficiently low so that the
solution to the problem is well-behaved and non-trivial.

21This assumes that the government can increase the bargaining power of workers if it is optimal to
do so.
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which in steady state, N = Y = 0, simplifies to:

b=y—clu—(1—u)z— (35)

E
m,
where u denotes the rate of unemployment and y the level of output per participant, i.e.
Y/K(l). It turns out that the optimal value of the threshold R and market tightness
@ are still determined by the first-best conditions (10) and (11). The implementability
constraints for job creation and job destruction being the same as before, i.e. (15) and
(19), the optimal level of hiring subsidies H and layoff taxes F are still given by (21)
and (22). Finally, the level of payroll taxes is determined by (32) which, in steady state,
could be written as:

T o= I_’f—u[b—eq(e)(F—H)H%

= 1fu[y—ceu—(1—u)z—aq(e)(F—H)]+%, (36)

where the second line was derived by substituting expression (35) for the optimal level of
unemployment benefits.

Clearly, from (35) and (36), b + 7 is unaffected by the level of public expenditures.
Hence, from (22), layoff taxes remain unchanged; furthermore, from (21), hiring subsidies
also remain unchanged. This leads to the following proposition:

Proposition 2 The amount of public expenditures, E, has no effect on the optimal level
of layoff tazes and hiring subsidies.

The public expenditures are entirely financed through higher payroll taxes and lower un-
employment benefits. This result might seem surprising as, in a second-best environment,
intuition suggests that two small distortions are preferable to a single large one. This
should have led us to expect that the public expenditures should be partly financed from
layoff taxes. Such is not the case. In fact, this is a consequence of the Diamond-Mirrlees
(1971) production efficiency result according to which optimal taxes never lead to any de-
viation from production efficiency as this would add some distortions without correcting
the existing ones. This result applies since the rate of job creation and job destruction
could be seen as being part of the aggregate production function of the economy. Hence,
layoff taxes and hiring subsidies should be viewed as Pigouvian instruments used to cor-
rect for externalities induced by the decisions of entrepreneurs, not as a general source of

revenue for the government.?2

22The proposition might seem to contradict the findings of Cahuc and Jolivet (2003) who show that
public expenditures increase the optimal size of layoff taxes. However, their model does not allow for
government-provided unemployment insurance and the increase in layoff taxes is fully compensated by an
increase in hiring subsidies. Hence, the public expenditures are entirely financed from taxes on income.
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5 Limits to Insurance

It has so far been assumed that workers could be perfectly insured against the risk of
becoming unemployed. Following Blanchard Tirole (2008), I now consider the possibility
that there is a non-insurable utility cost B > 0 of unemployment. This specification
is consistent with findings from the happiness literature which has provided extensive
evidence that unemployment has a long-lasting negative effect on life satisfaction; see,

for example, Clark Diener Georgellis Lucas (2008). The social planner’s problem now

becomes:
nax A e (1 — u)v(w) + ulv(z+b) — B]]dt (37)
subject to  u = AG(R)(1 —u) — 0q(0)u (38a)
i = 0(0)u + A(1 - u) /R sdG(s) — My (38b)
1-vww+ub=y—clu (38¢c)

where the constraints remain unchanged. Equations (8), (9) and (10) still characterize
the optimal allocation. Importantly, it remains desirable to equalize the marginal utility
of consumption across different states and, hence, to have w = z + b. Thus, B is said
to be non-insurable as it does not affect marginal utilities and should therefore not be
compensated by higher consumption during unemployment. The only difference to the
optimal allocation is that the condition for optimal job destruction, (11), is replaced by:

n(0) 9 B A

R=2z+ cd — -
1—7(6) v(w) p+

; /R (s — R)dG(s). (39)

Now that workers cannot be perfectly insured against unemployment, it is desirable to
decrease the threshold productivity below which a job is destroyed.

Implementing the optimal wage is not as straightforward as before. Indeed, if workers
have zero bargaining power, their wage rate is determined by v(w) = v(z + b) — B,
which is not desirable as the marginal utility of consumption would then be higher when
employed than when unemployed. The optimal policy could nevertheless be implemented
when workers have sufficiently low bargaining power by setting a binding minimum wage
equal to z +b.2® Or, alternatively, if the wage rate is exogenously fixed such as to satisfy
the resource constraint (38c), by enforcing the optimal level of unemployment benefits
given by (9).

Since the implementability constraints for job destruction (15), job creation (19) and

23Hungerbuhler and Lehmann (2009) argue, in a redistributive context, that the minimum wage could
be a useful policy instrument when workers have insufficient bargaining power.
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the government budget constraint (20) are not affected by the utility cost of being unem-
ployed, it is straightforward to derive the optimal policy. F' — H remains given by (21)
and 7 by (23). The only modification is that F' now solves:

n(6) B r—p X [l

cl +

F=b - —
r rT 1-n(0) v'(w)+r+/\p+)\ R

(s — R)dG(s). (40)

Layoff taxes need to be raised? in order to implement the new optimal threshold which
is lower than before. Although a similar result has already been derived by Blanchard
and Tirole (2008), the interpretation is slightly richer in a dynamic context. The opti-
mal policy implements a lower productivity threshold R and, hence?, a higher market
tightness 6. This induces a decline in the rate of job destruction, AG(R), and a rise in
the rate of job creation, 6g(8), which unambiguously leads to a lower equilibrium rate of
unemployment. It is interesting to note that the optimal job creation condition (10) is
only indirectly affected, through R, by the non-insurable utility cost of being unemployed
B. This suggests that the planner primarily tries to reduce job destruction while leaving
job creation unchanged. This is implemented by an increase in layoff taxes together with
a corresponding adjustment in hiring subsidies such as to restore an optimal rate of job
creation.

The key new feature of the optimal policy is summarized in the following proposition.

Proposition 3 A higher non-insurable utility cost of being unemployed, B, is associated
with a lower optimal rate of unemployment.

When insurance cannot be perfect, reducing the number of jobless is a substitute to
the provision of unemployment benefits.?® This policy nevertheless comes at a cost as
the lower threshold R hinders the reallocation of workers from low to high productivity
jobs and, hence, net output is no longer maximized. It follows that purchasing power
is now lower for both the employed and the unemployed. This case clearly highlights
the conceptual distinction between the output maximizing rate of unemployment and the
welfare maximizing optimal rate of unemployment.

Finally, it is possible to compute the optimal level of payroll taxes by replacing b and
F — H by their optimal values in the steady state government budget constraint, (23).

241t could be shown that, under the optimal policy, F = 15 [[1 — R|G(R) + |, I;(s - R)dG(s)]. Hence,
strictly speaking, F is decreasing in R if and only if g(R)[1 — R] < 1. For example, this condition is
always satisfied for a uniform distribution of idiosyncratic shocks.

231f the elasticity of the matching function is not constant, a sufficient condition for 8 to be increasing
in B is dn(6)/d8 > —n(8)[1 —n(F)] /8. This could be seen by totally differentiating the optimal job
creation condition (10) with respect to B and by using the fact that dR/dB < 0.

26This is reminiscent of the over-employment result of the implicit contract literature; see Baily (1974a)
and Azariadis (1975).
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This yields:

r—p 1-R
r+A)\G(R)—p+/\' (41)

T =

B

_uv’(w) + pi/\u [1 fu - R] +
With no discounting. ie. p = r = 0, payroll taxes are negative. The intuition is
that the social cost of unemployment now exceeds the corresponding budgetary cost to
the government as, without perfect insurance, the social cost of having an unemployed
worker is larger than the level of benefits to which he qualifies. However, the social
planner still equates the social cost to the social benefit of unemployment and, hence,
the budgetary benefit, §¢(0)(F — H), now exceeds the budgetary cost, b. This generates
a surplus that allows the implementation of negative payroll taxes or, equivalently, of
positive employment subsidies.

6 Workers with Bargaining Power

Under risk aversion, it is desirable to suppress any fluctuations in income between em-
ployment and unemployment. Thus, the implementation of a first-best allocation requires
workers to have zero bargaining power, as stated in Lemma 1. However, it could be ob-
jected that workers fundamentally do have some bargaining power and that this cannot be
influenced by the planner. Thus, when solving for the optimal policy, the expression for
the wage rate resulting from the bargaining process should be added to the implementabil-
ity constraints. The resulting planner’s problem yields first-order conditions which are
hardly interpretable. Hence, I perform a reasonable calibration of the model and report
numerical evaluations of the optimal policy for different values of the bargaining power
of workers.

An obvious limitation of the analysis of this section is that it does not allow for private
savings. When workers have some bargaining power, their income fluctuates over time
which should induce them to borrow and save through a risk-free asset in order to smooth
their consumption over time. It should nevertheless be acknowledged that, in practice,
workers are often liquidity constrained, as shown by Card Chetty Weber (2007) and
Chetty (2008), and that assuming unrestricted risk-free borrowing and lending might
be even more remote from reality than assuming that workers have to consume their
cash-on-hand at each instant.

6.1 No Commitment: Surplus Splitting

With bargaining, wages typically depend on worker’s outside opportunities which are
affected by a number of endogenous parameters. In order to address these effects, I first
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propose to implement the optimal policy in a decentralized economy where wages are
determined by surplus splitting as in Mortensen-Pissarides (1994, 2003). Thus, workers
get a proportion § of the dollar amount of the surplus from the match. It could, fairly, be
objected that worker’s risk aversion should be explicitly taken into account in the wage
bargaining process. However, in the absence of commitment, the resulting bargaining
problem would be intractable. Thus, surplus splitting could seen as a proxy for the out-
come of the wage bargaining process without commitment. Also, splitting the surplus in
fixed proportions does not seem completely implausible?” and has the important advan-
tage of yielding closed form solutions for the wage rates. This transparently shows how
wages are affected by the endogenous variables of the model.

Wages are bargained over each time a productivity shock occurs. The initial net wage,
denoted wy(1), is different from others since, in case no agreement is reached, the firm
does not receive the hiring subsidy but does not have to pay the firing tax?®. By contrast,
subsequent bargaining is not affected by the subsidy, which is sunk, but does respond to
the cost of laying off a worker. The resulting net wage is denoted by w(z) for a match of

productivity x. The corresponding expressions are:

wo(l) = Bl+cf—T—AF+(r+NH +(1-8)[z+1], (42)
w(z) = Blr+dd—7+7F|+ 1 -=0)[z+1], (43)

where it is assumed that workers and firm both discount future income at rate r. Details
on the surplus splitting rules and on the value functions of workers and firms used to derive
these expressions are given in Appendix B.2° An attractive feature of these wage rates
is that they capture the fact that, initially, .the hiring subsidy increases the bargaining
power of workers while the firing tax decreases it; while, subsequently, the hiring subsidy
is sunk and the firing tax put workers in a stronger position. Also, importantly, a higher
market tightness reduces the length of unemployment which improves the outside option
of workers and, hence, their wages.

Proceeding as in the first section, it is easy to show that the job destruction condition,
determined by J(R) = —F, is now given by:

A 1
lfﬂcﬂ —rF — Y /R (s — R)dG(s); (44)

#"This is indeed the form of wage bargaining that was considered by Blanchard and Tirole (2008) in
an extension to their benchmark model.

28The layoff tax nevertheless enters the expression for the initial wage rate as it affects the firm's
expected profits from a newly created match.

29 Also, note that similar expressions are carefully derived in Mortensen Pissarides (2003) and in Pis-
sarides (2000, chapter 9).

R=z+b+7+
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while the job creation condition, resulting from free entry V' = 0, is:

1-R c
(l_ﬁ)[r—i-/\_*_H_F]:q_(OT)' (45)

Note that these two expressions generalize the previous implementability conditions. In-
deed, for 8 =0, (44) and (45) reduce to (15) and (19), respectively.
With fluctuating wages, it is clearly impossible to implement the first-best alloca-

tion. The optimal policy should therefore be solved directly under the implementability
constraints, i.e. under the decentralized job destruction, (44), and job creation, (45),
conditions and under the government budget constraint, (20). The corresponding opti-
mization problem is:

{G,RI'EI,%’H}/ e Pt [nv(’wo(l)) 1l—u-— n)/ G(R) dG(z) +uv(z + b)] dt (46)

subject to 4 = AG(R)(1 — u) — 0q(8)u (47a)
n = 0q(0)u — An (47b)
y=0g(6)u+ A1 - u)/ sdG(s) — Ay (47¢c)

nwe(l) + (1 —u— n)/ w(g()R) dG(z) +ub=y—cu (47d)

R=z+b+T+lfﬂce—rF—H_—l\/Rl(s—R)dG(s) (47¢)
(1-B) [—R+H F] (ce) (47f)
(1-u)r+ (1 —-u)AG(R)F = ub+ ubq(0)H (47g)

where n denotes the number of matches which have not been hit by an idiosyncratic shock
yet and with prevailing wage wy(1). The second constraint, (47b), depicts the dynamics
of n. Clearly, the expressions for the wage rate, (42) and (43), should be substituted
into the maximization problem where needed. As the resulting first-order conditions are
extremely heavy and hardly interpretable, I now rely on a numerical calibration of the
model.

I use the same functional forms and parameter values as in Mortensen Pissarides
(2003), except for risk aversion which does not appear in their model. Thus, I take a
Cobb-Douglas matching function, which reduces to:

q(0) = qb™". (48)
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It clearly implies that the matching function has a constant elasticity, . The distribution

of idiosyncratic shocks is assumed to be uniform on [, 1]; hence its c.d.f. is:

=7
G&) = 1= (49)

Finally, I use a standard constant relative risk aversion (CRRA) instantaneous utility
function with CRRA coeflicient ¢:

-1

The chosen exogenous parameter values are displayed in Table 1, where the unit of time

v(z) : (50)

is a quarter.%0

Table 1: Exogenous parameter values

T p n c z X Y q ¢
002 002 05 03 035 01 065 1 3

The calibration results are reported for four different values of the bargaining power
of workers, 8. The initial case, 8 = 0, corresponds to the first-best benchmark. The

30When 8 = 7 and with no government intervention other than the provision of some unemployment
benefits, b = 0.2, entirely financed from payroll taxes, the chosen calibration implies that the equilibrium
rate of unemployment, u, is 6.56%, the expected length of unemployment, 1/6¢(0), is 0.91 quarter and
the expected duration of a match, 1/A\G(R), is 12.93 quarters. These values are within the empirically
plausible range reported by Shimer (2007).
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results are displayed in Table 2.

Table 2: Optimal policy under surplus splitting
0 0.25 0.5 0.75

1.88 1.39 0.66 0.24
0.901  0.897 0.878 0.833
(%) 4.98 5.64 7.42 9.72
0.682  0.665 0.602 0.473
0.937  0.929 0.906 0.867
Average Wage 0.926  0.934 0.934 0.918

3 2 5 olw

b 0.576 0.434 0.365 0.323
T 0.0007 -0.0016 -—0.0054 —0.0074
F 0.706 0.620 0.594 0.581
H 0.295 0.229 0.0612  —0.225
F-H 0.411 0.390 0.533 0.806
Welfare Loss (%) 0 0.36 1.78 4.91
Gross Job Flow | 0.0682 0.0665 0.0602 0.0473
(1—w)r/ub (%) | 233 —604 —1855 —21.41

Welfare loss is computed as the proportional decline in consumption in the first-best case
necessary to reach the new level of welfare. For example, when 8 = 0.5, welfare is equal to
what it would be in the first-best allocation, 8 = 0, with consumption decreased by 1.78%.
In steady state, the gross job flow is given by ufq(f) or, equivalently, by (1 — u)AG(R).
Finally, the last row reports the share of unemployment insurance expenses financed by
payroll taxes.

When the Hosios condition holds, i.e. when 8 = 0.5, the output maximizing policy
should not distort job creation or job destruction and, therefore, requires ' = H. As
shown in Table 2, such policy is not welfare maximizing with risk-averse agents. Thus,
when workers have some bargaining power, there is a trade-off between output maxi-
mization and insurance provision. More precisely, the planner wants to reduce market
tightness in order to decrease wages which, by relaxing the resource constraint, allows
an increase in the level of unemployment benefits. He therefore set layoff taxes higher
than hiring subsidies in order to reduce entry. An additional reason to decrease hiring
subsidies is to further reduce the initial wage rate, wo(1), to which 60% of the workers
qualify.

Due to the resource constraint, the level of unemployment benefits decreases with the
bargaining power of workers. Also, F' is so much higher than H that it generates sufficient

surpluses to finance entirely the unemployment benefits as well as some employment
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subsidies, reported as negative payroll taxes. However, for all values of 3, the magnitude
of F only corresponds to about two months of the average wage of the economy. This is
more than sufficient to pay for the unemployment benefits given that, either, 5 is low and
the expected length of unemployment is short, or, § is high and the replacement ratio is
low.

The reservation threshold R declines with bargaining power in order to compensate
for the imperfect provision of insurance and for the high length of unemployment induced
by the low market tightness. But, this comes at the cost of a more sclerotic labor market
characterized by a lower reallocation of workers from low to high productivity jobs, as
shown by the lower gross job flow. The reduction in the rate of job creation being larger
than that of job destruction, unemployment increases with 3. Output, which in steady
state can be writtenasy = (1—u) [G (R)+ [ ; sdG(s)] , declines because a smaller number
of people work, i.e. unemployment is higher, and the average productivity of employed
workers is also reduced due to a lower reservation threshold.

In other words, the downward adjustment in 6 and R, which enhances the provision of
insurance, hinders the reallocation of workers from low to high productivity jobs, which
reduces aggregate output. This is the essence of the trade-off between insurance and
production. Also, it should be emphasized that a moderate amount of private savings
is likely to reduce, but certainly not to eliminate, the demand for insurance. Thus, a
trade-off would remain, albeit of a smaller magnitude, and the key qualitative insights
about the optimal policy would presumably remain unaltered.

How would the optimal policy change if wages were re-bargained immediately after
recruitment? In this case, newly employed workers would get wage w(1) as given by (43).
In order to solve for the optimal policy with immediate wage renegotiation, it is important
to note that the implementability condition for job destruction, (44), and the government
budget constraint, (20), remain unchanged while the implementability condition for job
creation now becomes: 1—R .

(1—ﬂ)m+H—F=5@.

Thus, the planner’s problem is still as above, (46), with wo(1) from (42) replaced by

(51)

w(1) from (43) and the job creation condition (47f) replaced by (51). The corresponding
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simulation results are shown in Table 3.

Table 3: Optimal policy under surplus splitting with immediate wage renegotiation

B 0 0.25 0.5 0.75
6 1.88 1.39 0.65 0.23
R 0901 0.899 0.889 0.851
u (%) 4.98 5.70 7.80  10.76
n 0.682 0.672 0.629 0.512
Y 0937 0929 0.906 0.864

Average Wage 0926 0935 0.936 0.924

b 0.576  0.427 0.352 0.302
T 0.0007 0.0061 0.0146 0.0267
F 0.706 0.539 0.390 0.244
H 0.295 0.263 0.168 0.077
F—-H 0411 0.276 0.223 0.168

Welfare Loss (%) 0 0.39 1.93 547
Gross Job Flow | 0.0682 0.0672 0.0629 0.0512
(1—u)r/ub (%) | 233 2379 49.06 73.54

The allocation of resources is pretty similar to that of the previous case. The main
difference lies in the level of the policy instruments F';, H and 7. There are two reasons
for that. First, from the implementability condition (51), the difference between hiring
subsidies and layoff taxes has a larger impact on job creation than before. Indeed, with
immediate renegotiation, these policy instruments have a smaller effect on wages and,
hence, a larger effect on firms. This e){plains why F' — H does not need to be as large as
before to reduce 6 to its desired level. The second reason is that hiring subsidies cease to
increase initial wages and layoff taxes cease decrease them. Hence, when workers have a
strong bargaining power, it is no longer necessary to maintain high layoff taxes and low
hiring subsidies to prevent wages from being too high and unemployment benefits too
low. Note that F — H being smaller than before, a significant share of the unemployment
benefits now needs to be financed from payroll taxes.

To gain additional insights about the key trade-offs underpinning the optimal policy,
let us consider the following naive surplus splitting rule:

w(z) = Blz — 7]+ (1 — B)[z + b). (52)

Before going further, it should be emphasized that the intermediary case where w(z) =
Blz—T1+cl]+(1—)[2+Db] is quantitatively almost identical to the immediate renegotiation
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case as the term 7F, in (43), is small. Also note that, for a given allocation, the wage rate
is lower under naive surplus splitting, (52), than under immediate renegotiation, (43),
as market tightness and layoff taxes cease to have a positive impact. This generates a
mechanical improvement in the level of insurance.

When solving for the optimal policy under naive surplus splitting, the implementabil-
ity conditions remain given by (51) for job creation and by (20) for the government budget
constraint while, for job destruction, it becomes:

A 1
R=z+b+7‘—lfﬂ—r_l_)\/R(s—R)dG(s). (53)

The simulation results are presented in Table 4.

Table 4: Optimal policy under naive surplus splitting

B 0 025 05 075
0 188 188 1.8 188
R 0.901 0.902 0.905  0.909
u (%) 498 500 504  5.11
n 0.682 0685 0.691  0.701
y 0937 0937 0937 0.938

Average Wage 0926 0.927 0.928 0.929

b 0.576 0.562 0.549  0.537
T 0.0007 0.0152 0.0302 0.0453
F 0.706 0.526 0.343  0.169
H 0.295 0.326 0.357  0.387
F-H 0.411 0.200 -0.015 -0.221

Welfare Loss (%) 0 0.01 0.02 0.05
Gross Job Flow | 0.0682 0.0685 0.0691 0.0701
(1—u)r/ub (%) | 233 5130 103.66 156.63

Strikingly, market tightness # and the productivity threshold R are almost indepen-
dent of the bargaining power of workers. This suggests that, without the general equi-
librium effect of market tightness on wages, there is hardly any trade-off between output
maximization and insurance provision. Consequently, the main role of layoff taxes and
hiring subsidies is to compensate for the failure of the Hosios condition to hold, i.e. to
offset the distortions generated by the gap between the bargaining power of workers and
the elasticity of the matching function. This explains why, when the Hosios condition
does hold, i.e. when 8 = 0.5, layoff taxes and hiring subsidies are virtually equal to each
other. The slight discrepancy that remains, and which result in payroll taxes covering
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103.66% of the cost of providing unemployment insurance, rather than 100%, is due to
the positive impact of payroll taxes on wages. Hence, the government tries to increase
those taxes a little in order to decrease wages which, through a relaxation of the resource
constraint, allows an improvement in the level of unemployment benefits.

6.2 Commitment: Fixed Wage

The previous subsection assumes that the dollar amount of the surplus from the match
is split in fixed proportions between the worker and the firm. However, this leads to
substantial wage fluctuations which, if firms can commit, seems inconsistent with the
risk sharing that would be expected to occur between a risk-averse worker and a risk-
neutral employer. In particular, if a firm and a worker discount the future at the same
rate, i.e. r = p, then the firm will commit to paying a fixed wage, w, throughout the
duration of the match and to a job destruction threshold, R.

The Bellman equations corresponding to the expected utility of an unemployed, U,
and of an employed worker, W, are:

rU v(z+b) +0q(0) (W - U], (54)
W = v(w)+ AG(R)[U - W], (55)

where, as before, v(.) stands for the instantaneous utility of consumption. The two
parameters of the contract are determined ez-ante by Nash bargaining:

{w, R} = arg max [W; —U)"[1,(1) + H — Ve, (56)

where the subscript ¢ is used to stress that the wage and threshold bargained in match 7
do not affect the value of outside options, i.e. the values of U or V. Ez-ante bargaining
implies that, if an agreement is not reached, the employer does not receive the hiring
subsidy but does not have to pay the layoff tax.

The worker’s net salary is determined by:

v(w)—v(z+b) B c
v’(w) - [T + AG(R) + eq(e)] 1— ﬁ q(e) ’ (57)
while the job destruction threshold solves:
_ A r+AG(R) v(w)—v(z+b)
R=w+r—rF— m/ﬂ (s = RMG(S) ~ 5008 2 e ot (9

These two expressions are derived in Appendix C. The last term of the decentralized
job destruction condition (58) would not appear without commitment, cf. (15). This
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shows that firms use both margins to provide insurance to risk-averse workers: they
pay a constant wage and they lower the job destruction threshold. Using the free-entry

condition, it could easily be shown that the decentralized job creation condition is:
= —. (59)

The optimal policy could then be derived by adding the wage equation (57) as a
constraint to the original problem. Thus, the planner should maximize (5) with respect
to 8, R, b and w subject to (6a), (6b), (6c) and (57). The three remaining implementability
constraints, (58), (59) and (20), could be left out since they jointly determine F', H and 7
which do not appear elsewhere in the planner’s problem. Table 5 displays the simulation
results for the same calibrating of the model as before.

Table 5: Optimal policy under Nash bargaining with risk aversion

B 0 0.25 0.5 0.75
0 1.88 1.59 1.06 0.52
R 0901 0.898 0.886 0.854
u (%) 498 532 614  7.52
Y 0937 0933 0.921 0.897
w 0926 0933 0937 0.933
b 0.576 0.448 0.361 0.294
T 0.0007 0.0007 0.0014 0.0034
F 0.706 0.600 0.485 0.315
H 0295 0.255 0.155 —0.037
F-H 0.411 0.345 0.330 0.352
Welfare Loss (%) 0 024 107 3.19
Gross Job Flow | 0.0682 0.0671 0.0633 0.0540
(1—w)r/ub (%) | 233 292 576 14.04

Again, the case 8 = 0 corresponds to the implementation of the first-best policy.

As [ increases, § and R both decline in order to partially offset the increase in the
gap between w and b + z. Indeed, a higher market tightness puts workers in a stronger
bargaining position which is detrimental to insurance. Also, a lower reservation threshold
improves the welfare of employed workers and can be compensated by a smaller wage
rate. The decline in the rate of job creation being stronger than that of job destruction,
unemployment increases with 8. Output falls. Due to the resource constraint, the level
of unemployment benefits decreases with 3.

When S is low, F is higher than H in order to compensate for the failure of the
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Hosios condition to hold. As 3 increases, this becomes a smaller concern, but insufficient
insurance becomes a bigger one. The planner therefore wants to decrease market tightness
which becomes the main reason why F' exceeds H.

Also, layoff taxes are rapidly declining in 3 and are lower than in the surplus splitting
counterpart to this problem, cf. Table 2. The reason is that, as could be seen from (58),
firms spontaneously decrease the destruction threshold R whenever insurance is less than
perfect. Thus, layoff taxes have a smaller job to do to reduce the rate of job destruction
to its optimal level. The surpluses generated by F' — H nevertheless remain sufficiently
large to finance almost all the unemployment benefits but leave no room for employment
subsidies.

The wage and threshold could be determined by directed search, rather than by Nash
bargaining. In such an environment, competitive market makers jointly choose the wage
rate, the threshold and the length of queues, equal to 1/6¢(6), such as to maximize the
expected utility of an unemployed worker subject to a free entry condition for firms; or
more formally:

{(r)r}ua%}pU subject to V = 0. (60)

This yields exactly the same equations as (57) and (58) with 3 replaced by 7. Thus,
in Table 5, directed search corresponds to the case where 8 = n = 0.5. As implied by
Corollary 1, directed search and the associated Hosios condition fail to implement a first-
best allocation of resources in an economy with risk-averse workers as they fail to ensure
a sufficient provision of insurance.

7 Moral Hazard

When workers have some bargaining power, there is typically a trade-off between output
maximization and insurance provision. But, reducing the level of insurance might be
a virtue if it increases the search intensity of unemployed workers. Indeed, concerns
about the moral hazard effects of unemployment insurance have been at the heart of the
literature on the topic. Hence, this section characterizes the optimal policy when job
search monitoring is not available and, hence, when the unemployed freely choose their
search intensity.
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7.1 Determination of Search Intensity

Let s denote the search intensity of the unemployed. Vacant jobs and unemployed workers
now get matched at rate®!:
m = m(su,v), (61)

where the matching function satisfies the same properties as before. Vacancies become

filled at rate: ( )
m(su,v) s _
—_v—_-m(ﬁ’l) —Q(eas)a (62)

where market tightness remains defined as the ratio of vacancies to unemployment, i.e.
0 =v/u.’?
Unemployed worker ¢ who searches with intensity s; finds a job at rate:
si m(su,v)

Q(Oa S, si) = s T (63)

s.
= =0 .
S 0400, 5)
The Bellman equation associated with the expected utility of an unemployed worker is:
pU = ’U(Z + b) - O'(Si) + q(gv S, Si) [W(l) - U] ’ (64)

where o denotes an increasing and convex cost of search, with ¢(0) = ¢’(0) = 0, and
W (1) is the value of a new job to a worker. The first-order condition for search intensity

18:

86(97 S, 'Si)
65,’

Hence, using the symmetry which prevails in equilibrium, i.e. s; = s, the search intensity

—a'(si) + W(1)-U}=0. (65)

of unemployed workers is implicitly determined by:

so'(s) = 0q(6,s) [W(1) - U]. (66)

7.2 Surplus Splitting

The optimal policy with moral hazard could now be solved numerically. For this, I focus
on the case where wages are determined by surplus splitting as this is the most transparent
situation about the influence of the different parameters on wages.

As before, I consider the wage rate that would prevail under surplus splitting if workers

31The intensity of job advertising made by firms with a vacancy is exogenously set to 1 as, even if
endogenously determined, it would not be affected by any policy parameters; cf. Pissarides (2000, chapter
5.3).

32Note that, by definition of the elasticity of the matching function 7, %l = —ﬁ%‘ﬂn(o, s) and,
hence, from (62), % = ﬂes—”)n(e,s).
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and firms were both risk-neutral. This gives:

wy(l) = Bll4+c—T=AF+(r+NH+Q=-8)[z+b-0(s)], (67)
w(z) = Blz+d—7+7F]+(1-8)[z+b—-0o(s)], (68)

where the initial wage, wp(1), applies until a shock occurs. The existence of the search
cost o(s) lowers the value of unemployment, which is the outside option, and hence
adversely affects wages.

Under these wage rates, the search intensity of a risk-averse worker is determined by:

E [v(w)] — v(z + b) + o(s)

/ —
s0'(8) = 94(6,8)— 3G + 0a(6.5) (69)
where the average utility of employed workers is given by:
Bo(w)] = [1 - ——[1 - 6| o(un()) + — [ vw@)dG@).  (10)
B p+A 0 p+AJr '

These expressions are derived in Appendix D. The planner’s problem is as before, (46),
with s as a new control variable and (69) as an additional constraint.3?

For reference, I also solve for the optimal policy when the planner is able to freely
set the wage of workers. Absent any constraints on the expression for the wage rate, this
gives the best possible allocation that could be attained with endogenous search intensity.
In that context, the first-order condition for search intensity is (69) with E[v(w)] simply
replaced by v(w) where w is the wage chosen by the planner. Also, with a fixed wage,
the decentralized job destruction and job creation conditions are given by (15) and (19),
respectively.

Before solving for the optimal policy, it is necessary to recalibrate the version of the
model which allows for moral hazard. The calibration is done in a context where 8 = 7
and where the government does not intervene except to provide some unemployment
benefits, b = 0.2, financed from payroll taxes; which is arguably a good sketch of the
current U.S. situation. The scale parameter of the matching function, gy, and the lower
bound of the distribution of idiosyncratic shocks, 1, are set such that the quarterly rates
of job creation and job destruction remain equal to 0.91 and 12.93, respectively. This

33The other changes are that search intensity should be included in the matching function, i.e. g(6)
should be replaced by ¢(8, s), and the search cost o(s) should be subtracted for a mass u of unemployed
workers from the objective function, i.e. the last term of the objective should be u[v(z + b) — o(s)]
instead of wv(z + b). Finally, z should be replaced by 2z — o(s) in the decentralized job destruction
condition, (47e).
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gives ¢o = 0.83 and 1 = 0.49. The cost of search is assumed to be convex:

The constant % is calibrated such that s is normalized to 1 and v such that the elasticity
of unemployment duration with respect to the benefit level is equal to 0.5, a reasonable
estimate according to Krueger and Meyer (2002)’s survey of the literature on the topic.
This yields £ = 1.16 and v = 5.02. All the other parameters of the model are left
unchanged.

The simulation results are presented in Table 6.

Table 6: Optimal policy under surplus splitting and moral hazard

B Best Wage | 0.125 02171  0.25 0.5 0.75
6 2.01 232 2.02 1.89 0.94 0.91
R 0861 | 0.859 0.862  0.862  0.846  0.835
u (%) 6.50 6.33  6.50 6.64 8.47 478
n 0678 | 0.675 0679 0678 0635  0.504
y 0917 | 0918 0917 0916 0894 0915

Average Wage 0.910 0.902 0.910 0.912 0.919 0.933

b 0418 | 0468 0420 0406 0336  0.288
s 0781 | 0707 0779  0.797  0.867 1.22

T —0.0128 | 0.0008 —0.0006 —0.0013 —0.0062 —0.0036
F 0997 | 0923 0843 0822 0732  0.398
H 0420 | 0495 0433 0407 0194  0.056
F-H 0577 | 0.428 0411 0415 0538  0.342
Welfare Loss (%) 0 0.198  0.002  0.022 1279  2.351
Gross Job Flow 0.0678 | 0.0675 0.0679 0.0678  0.0635  0.0504
(1—w)r/ub (%) | —43.82 | 244 —217 —435 —19.92 —24.78

The first column reports the calibration for the optimal fixed wage, i.e. the "best wage",
chosen by the planner. The welfare loss is now computed relative to this benchmark.
Thus, for instance, the welfare generated by the optimal policy with surplus splitting
when 3 = 0.5 is identical to the welfare of the optimal allocation with a fixed wage but
with consumption of the employed and unemployed decreased by 1.279%.

When the worker has a low bargaining power, § = 0.125, market tightness is higher
than with the best wage. In fact, the planner wants to increase wages, and reduce
insurance, in order to boost the returns to search. Hiring subsidies, which have a positive

impact on initial wages, are also set at a very high level. This is exactly the opposite
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to what would be recommended without moral hazard where market tightness would be
reduced in order to improve the provision of insurance.

Welfare is maximized for § = 0.2171, where the optimal allocation is very similar
to that implied by the best wage. Market tightness is nevertheless a little higher which
increases the recruitment costs but reduces the provision of insurance which is slightly
too high compared to the best wage benchmark. The optimal setting of the policy
instruments 7, F' and H differs substantially from that of the benchmark. This is due to
the differences in the implementability constraints, which are themselves caused by the
different specifications of the wage rate.

When 8 = 0.2171, the low magnitude of the welfare loss, which is below 0.002%,
suggests that, at the optimum, the surplus splitting rule hardly worsens the trade-off
between insurance and production, compared to the optimal fixed wage case. Indeed,
the forces pushing for more insurance, i.e. risk aversion, and less insurance, i.e. moral
hazard, nearly offset each other. Hence, given the prevailing level of insurance, the policy
parameters could be set such as to maximize the reallocation of workers from low to high
productivity jobs. Indeed, at the optimal 3, the reservation threshold R is close to being
maximized.

For a higher bargaining power, market tightness does not need to be pushed upward
as wages are already sufficiently high to reward search efforts. The previous intuitions,
without moral hazard, dominate again and market tightness should be decreased in order
to improve the provision of insurance. Thus, for high values of 3, the introduction of
moral hazard does not really modify the qualitative conclusions reached in the previous
section about the key characteristics of an optimal policy.

With immediate wage renegotiation, newly employed worker are paid w(l) as given
by (68). The planner’s problem is obtained by adding the constraint for search intensity,
given by (69) with w(1) replacing wg(1) in (70), to the corresponding problem of the
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previous section.?* The simulated optimal policy is shown in Table 7.

Table 7: Optimal policy with immediate renegotiation and moral hazard

0.678 0.673 0.681 0.681 0.663 0.596
0.917 0918 0917 0916 0.895 0.850
Average Wage 0.910 0.902 0910 0913 0922 0.918

B Best Wage | 0.125 0.2127 0.25 0.5 0.75
0 2.01 2.27 2.01 1.86 0.93 0.35
R 0.861 0.858 0.863 0.864 0.862 0.840
u (%) 6.50 6.36 6.53 6.70 882 12.76
n
Y

b 0418 | 0466 0.419 0402 0328 0.280
s 0781 | 0.710 0.781 0.802 0.876 0.909
T —0.0128 | 0.0035 0.0058 0.0068 0.0170 0.0334
F 0.997 | 0.891 0.778 0.736 0.496 0.281
H 0420 | 0.498 0.455 0434 0294 0.170
F—-H 0.577 | 0.393 0.323 0.302 0202 0.111
Welfare Loss (%) 0 0.185 0.003 0.030 1.383 5.311
Gross Job Flow 0.0678 | 0.0673 0.0681 0.0681 0.0663 0.0596
(1—u)r/ub (%) | —43.82 | 11.00 19.68 23.60 53.72 81.46

The optimal allocation is similar to that without immediate renegotiation, but the optimal
setting of the policy instruments is now different. These differences are similar to those
between the corresponding tables without moral hazard; see Table 2 and 3. Welfare is
maximized for 8 = 0.2127. Again, when workers have substantial bargaining power,
the introduction of moral hazard does not modify the main conclusions of the previous
section as the primary concern of the planner remains the under-provision of insurance
to workers.

Finally, to get some further insights, I consider the naive surplus splitting rule:

w(z) = Ble — 7]+ (1 - B)lz + b= o(s)] (71)

34 Appropriate adjustments for search intensity should be made as described in the previous footnote.
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The corresponding optimal policy with moral hazard is reported in Table 8.

Table 8: Optimal policy with naive surplus splitting and moral hazard

B Best Wage | 0.125  0.25 0.5 0.75
0 2.01 1.73 1.76 1.79 1.81
R 0.861 0.827 0.835 0.848 0.860
u (%) 6.50 7.91 7.65 7.46 7.45
n 0.678 0.605 0.623 0.647 0.669
Y 0.917 0.894 0.899 0.904 0.908
Average Wage 0.910 0.881 0.887 0.893 0.897
b 0.418 0.522 0.518 0.508  0.497
s 0.781 0488 0.544 0.606 0.643
T —0.0128 | 0.0064 0.0172 0.0399 0.0627
F 0.997 1.047 0.861 0.539 0.251
H 0.420 0463 0.480 0.523 0.564
F—-H 0.577 0.584 0.381 0.015 —0.313
Welfare Loss (%) 0 1.824 1291 0.820 0.601
Gross Job Flow 0.0678 0.0605 0.0623 0.0647 0.0669
(1 —w)r/ub (%) —43.82 14.33 40.13 97.38 156.56

The key problem of the planner is that naive surplus splitting generates too much insur-
ance and there is hardly any way to undo this as the wage rate is largely independent of
the parameters under the planner’s control. There is a complementarity between market
tightness and search intensity as they both increase the matching rate 8q(6, s). However,
given the over-provision of insurance, search intensity is low and it is therefore not worth
pushing market tightness upward. Also, since the unemployed are very inefficient at
searching for jobs, the reallocation of workers from low to high productivity jobs is long
and costly and, hence, the threshold productivity R is reduced as it is now preferable to
keep workers in low productivity occupations. However, as [ increases, the problem of
over-insurance becomes less severe and welfare improves.

As the level of insurance cannot really be influenced, the main effect of layoff taxes
and hiring subsidies is to correct for the failure of the Hosios condition to hold. Hence,
when 8 = 0.5, both are approximately equal to each other.

8 Conclusion

In this chapter, I have investigated optimal policies in a dynamic search model with risk-
averse workers. More precisely, I have focused on the joint derivation of the optimal level
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of unemployment benefits, layoff taxes, hiring subsidies and payroll taxes.

I began by abstracting from moral hazard in order to focus on the general equilibrium
effects of the different policy instruments. I showed that the first-best allocation of
resources can be implemented in a decentralized economy when workers are wage takers.
In this situation, full insurance is provided and output is maximized. Layoff taxes are
higher than hiring subsidies in order to offset the excessive entry of vacancies caused
by the absence of bargaining power of workers. Moreover, the corresponding surplus is
sufficiently large to finance nearly all the unemployment benefits and payroll taxes are
therefore hardly needed.

However, layoff taxes and hiring subsidies should only be viewed as Pigouvian instru-
ments used to correct externalities, not as a general source of revenue to the government.
Indeed, additional public expenditures should be entirely financed through higher payroll,
or income, taxes and lower unemployment benefits, even in a second-best environment
with endogenous participation.

The analysis being properly microfounded in terms of risk-averse workers, it allows the
determination of an optimal, welfare maximizing, rate of unemployment, which goes be-
yond the well-known output maximizing rate of unemployment. The distinction between
the two becomes particularly relevant when there is a trade-off between the provision
of insurance and the maximization of production. For instance, the optimal rate of un-
employment is lower when workers are confronted with a non-insurable utility cost of
unemployment. Intuitively, a reduction in the probability of unemployment is a substi-
tute to the provision of unemployment benefits.

When workers have some bargaining power, the planner wants to reduce wages in or-
der to relax the resource constraint and improve the level of unemployment benefits. In
particular, this is achieved by reducing market tightness which lowers wages, as desired,
but also hinders the reallocation of workers from low to high productivity jobs. Intro-
ducing moral hazard adds a counteracting force to the model. When workers have a very
low bargaining power, it is typically desirable to increase market tightness and to boost
wages in order to enhance the reward to the search effort of the unemployed. However,
when workers have a more substantial bargaining power, under-provision of insurance,
rather than moral hazard, remains the primary concern of the planner. Chetty (2008)
has already argued that the issue of moral hazard might have been over-emphasized in
the literature. The present chapter adds to this by showing that general equilibrium
effects on job creation, job destruction and wages might be at least as important for the
determination of optimal policies.

There are essentially two reasons which could justify setting layoff taxes higher than
hiring subsidies; in which case the difference between the two could cover at least some
of the costs of providing unemployment benefits. First, to compensate for the failure of
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the Hosios condition to hold; or, in other words, to reduce entry in order to save on the
recruitment costs when the bargaining power of workers is lower than the elasticity of
the matching function. Second, in order to reduce wages, by reducing market tightness
and hiring subsidies, when the provision of insurance is insufficient. Importantly, as the
bargaining power of workers increases, the first reason becomes less relevant while the
second becomes more important. This is why layoff taxes exceed hiring subsidies in all
realistic calibrations of the model and for any bargaining power of workers.

This shows that, without governmental intervention, labor markets with search fric-
tions generically implement an inefficient allocation of resources. With risk-neutral work-
ers, inefliciencies are only due to unbalanced search externalities associated with devia-
tions from the Hosios condition. Here, the inefficiency is much deeper and involves a lack
of insurance against the risk of becoming unemployed.

Some important issues are left for further research. First, an accurate empirical
knowledge of the main determinants of wages, at the macroeconomic level, is key for
the optimal design of labor market policies.?®> Knowing, quantitatively, how wages are
affected by market tightness or by the different policy instruments is obviously essential
if the planner wants to increase the provision of insurance at the smallest cost in terms
of output. The precise specification of wages also crucially affects the implementability
constraints. For instance, if layoff taxes and hiring subsidies are passed on to workers
through adjustment in wages, then they have a much smaller effect on the job creation
and job destruction decisions of firms.

Throughout this chapter, I have only considered time invariant policy instruments.
In fact, in a dynamic context, it would be interesting to allow the level of unemployment
benefits to be affected by the length of unemployment and that of layoff taxes and hiring
subsidies to depend on the age of the match, among other things. Also, in the proposed
model, the length of unemployment does not directly matter, only its rate does.3® This
could be relaxed by assuming that the level of human capital depreciates during an
unemployment spell?” or, more simply, by assuming that workers have a preference for
shorter spells even if this is associated with a higher probability of being unemployed.
The length of unemployment being decreasing in market tightness, the resulting optimal
policy would presumably advocate for a smaller reduction in the rate of job creation.

35Blanchflower and Oswald (1994) provide extensive evidence of the negative impact of unemployment
on wages. However, their work does not control for the number of vacancies and, hence, cannot identify
the impact of market tightness on wages.

36The length of unemployment nevertheless has an impact on the speed of the reallocation of workers
from low to high productivity jobs.

37See the related analyses of Pavoni (2008) and Shimer Werning (2006) who determine the optimal
unemployment insurance policy with human capital depreciation.
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A Payroll Tax in First-Best Policy

Before deriving (25), it is necessary to rewrite the expression for the optimal value of b
given by equation (9).

b = y—clu—2(1—u)

— Y- [R—1f(f129)c9+piA/R(s—R)dG(s)] (1—u)

_ p y n(6) 1-R

= (1—u)m[1_u—R]+1_n(e)cﬁ(l—u)+)\G(R)(1—u)p+)\ clu
p Y 1-R c

- (-0t |-/ e |25 -

The second line was derived by using the optimal job destruction condition (11) to get rid
of z. The obtain the third line, and to get rid of the integral, I have used the expression
for the steady state level of output y = (1 — u) [G(R) + 1; sdG (s)] and then rearranged
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the terms. Finally, to get the last line, I have used equation (12) to rewrite the second
term of the third line and used the fact that, in steady state, \G(R)(1 — u) = 0q(0)u to
rewrite the third term of the third line.

Substituting this expression for b in (24) and using again the expression for the steady
state level of unemployment, AG(R)(1 — u) = 0¢(0)u, yields equation (25).

B Wage Determination under Surplus Splitting

An entrepreneur expects a net present value V from the stream of income generated by a
vacancy which will eventually become filled; while an unemployed expects U. The initial
value of a match to a firm and to a worker are denoted by Jy(1) and Wo(1), respectively.
The corresponding subsequent values, after an idiosyncratic shock has reduced the pro-
ductivity of the match to z, are J(z) and W (z). Importantly, as it is assumed that the
dollar amount of the match surplus is split in fixed proportions between the worker and
the firm, the value functions of a worker, i.e. U, Wy(1) and W(z), give his expected
future earnings and abstract from risk aversion.
The Bellman equation for the value of a vacancy is:

rV = —c+q(0) [Jo(1)+ H-V],

which is the same as before, cf. equation (17). The corresponding equation for the value
of unemployment is:
rU =z + b+ 0q(6) [Woa) - 0] :

The initial wage being denoted by wg(1), the initial value of match to a firm and to a
worker are, respectively, given by:

v

rJo(1) 1—(wo()+71)+ )\/Rl J(8)dG(s) — AG(R)F — AJo(1),

rWo(1) wo(1) + A /R : W (s)dG(s) + AG(R)U — \Wy(1).

Finally, the corresponding values for a subsequent match of productivity x, with wage
w(z), are:
1

rJ(z) = z— (w(z)+7)+ )\/R J(8)dG(s) — AG(R)F — AJ(z),

rWi(z) = w(z)+ A /R W (s)dG(s) + A\G(R)U — AW (z).
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The surplus splitting rule from which the initial wage, wo(1), is derived is:
(1= B8) [Wo(1) - O] = BLI(1) + H - V],

where the firm receives the hiring subsidy in case an agreement is reached. The cor-
responding rule for an existing match that has just been hit by an idiosyncratic shock

resulting in productivity z, and from which w(z) is derived, is:
(1-B) [W(2) - 0] = BlI(=) + F - V],

which takes into account the fact that, if the match dissolves, the firm needs to pay the
layoff tax.

C Nash Bargaining with Commitment

Before solving the bargaining problem, it is useful to determine the value of the firm in
match i at the job destruction threshold, J;(R;). It could be deduced from the equation
for J(z), (13), that:

z—R;
N + Ji(Ry).

Plugging this expression back into (13) evaluated at productivity R; yields:

Ji(z) =

Ji(R;) = H)‘IGWS |:RL —(wi +7) + H—L/\ A(s — Ri)dG(s) — A\G(R)F| .
Thus: o5(1) )
dwi  r+AG(R)’
and:
94i(1) _ Ag(R:)

A 1
- i — (w; + +rF+————/ s—R,-dGs],
OR; |r+ \G(R)? [R‘ (wi 1) T J, 8T RAGE)
where g(R) = dG(R)/dR.
Similarly, it could be deduced from the value function of the employed worker, rW; =
v(w;) + AG(R;) [U — Wi, that:

ow; v (w;)
8wi - T+ )\G(Rq),

and:
oW  Ag(R)

OR;  [r+ \G(Ry)]

5 [rU — v(w;)].
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Using the symmetry that prevails in equilibrium, i.e. w = w; and R = R, together with
the value of unemployment, (54), this last expression simplifies to:

oW XMg(R) v(w) — v(z + b)
OR; [r+AG(R)]T + AG(R) +6q(6)

Finally, the first-order conditions for the wage w; and the threshold R; are obtained
by differentiating the logarithm of the Nash product in (56). This yields:

B oW,  1-8 _9Ji(1)
W, -Uow; J(1)+H-V ow; )’

and:

B W 1-8 <_6J,-(1))
W:—UOR, J(1)+H-V OR; )’

Using symmetry, i.e. dropping the subscript ¢, and substituting V = 0, J(1)+H = ¢/q(6),
W —U = [v(w) —v(2+b)]/[p+ AG(R) + 0¢(0)] and the above derivatives into these first-
order conditions yields (57) and (58).

D Search Intensity under Surplus Splitting

When wages are given by (67) and (68), the value of employment to workers satisfies:
1 A
PWo(l) = v(uwo(1))+ A / W(s)dG(s) + AG(R)U — AWa(1),
R
1
W(z) = vw(z)+ 2 / W (3)dG(s) + AG(R)U — AW (z),
R

where the former expression corresponds to newly employed workers and the latter to
those who have already been hit by an idiosyncratic shock. Subtracting the former from
the latter, I obtain:

Inserting this back into the expression for Wy(1), yields:

Wo(1) = |1— [% 1 - G(R)] v(wo<1))+p%A /R w(w(2))dG(z)+AG(R) [U - Wo(1)].

The value of unemployment for an average search intensity solves:

pU = v(z +b) — o(s) + (8, s) [Wo(1) — U].
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Taking the difference between these last two value equations gives:

= 23 [1 = G(R)]] v(wo(1)) + 25 [ v(w(2))dG(z) — v(z + b) + o (s)

Wo(1) - U = p+ AG(R) + 0q(8, s)

Finally, this should be substituted into the first-order condition for search intensity:
s0'(s) = 0g(0, 5) [Wo(1) - U].

This yields (69) together with (70).

99






lucrative position'. This is the creative destruction effect (Aghion and Howitt, 1994), on
which we shall specifically focus in this chapter.

In an economy with creative destruction, newly formed matches benefit from the best
technology available and, as a consequence, the highest revenues of the economy accrue to
newly employed workers. As time passes, and as outside opportunities improve, the
attractiveness of a job declines. We would therefore expect workers to engage into on-the-job
search before their position becomes obsolete. However, to the best of my knowledge, this
possibility has not seriously been considered yet. This is what I propose to do in this chapter.

We proceed by adding on-the-job search to the framework of Mortensen and
Pissarides (1998) that has adapted the standard matching model of the labor market to allow
for growth through creative destruction.” Hence, as in their chapter, the productivity of a firm
is assumed to be determined by its date of creation and technological progress characterized
by the ever-increasing productivity of newly established firms. Jobs eventually become
obsolete when the wage that an employer needs to offer in order to retain its workers reaches
its productivity.

On-the-job search reduces the expected value of a match to the firm as its activity is
destroyed when its employee resigns. As surplus sharing is assumed, this decreases the wage
paid to the worker who therefore partially bears the expected cost of job destruction following
a quit. Hence, workers only start looking for other jobs once outside opportunities have
sufficiently improved.

It is important to emphasize that on-the-job search is allowed rather than imposed and,
as a consequence, its occurrence shows that creative destruction provides a justification for
the very existence on-the-job search. It is therefore natural and legitimate to consider on-the-
job search in a model of growth by creative destruction.

In order to quantitatively assess the consequences of on-the-job search on the labor
market equilibrium, we perform a calibration of the model. We obtain that the positive impact
of growth on unemployment is considerably reduced, although not reversed, by allowing on-
the-job search. A 1% rise in the rate of growth increases unemployment by 1.69 percentage
point without on-the-job search and by only 0.10 with. What is even more surprising is that
the main transmission channel at work in the traditional creative destruction model practically
disappears when workers are allowed to seek jobs while employed. Indeed, the flow of
obsolete jobs, which represents nearly half of job destructions without on-the-job search,
becomes negligible with. In fact, it is replaced by a flow of job-to-job transitions. The
intuition for this result is that unemployment ceases to be a necessary step before moving to a
better paid position. Moreover, on-the-job search leads to an increase in the maximum life
span of a match as workers have no incentive to quit their employer to seek for a better one as

! Carre and Drouot (2004) show that in the context of growth by creative destruction, allowing for an “on-the-job
learning effect” could lead to a positive impact of technological progress on employment.

2 The Mortensen Pissardies (1994) framework has already been extended to allow for on-the-job search; see, for
e.g., Pissarides (1994) and Barlevy (2002). However, this has not been done in the context of growth by creative
destruction.
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long as their income, net of search costs, is above the level of unemployment benefits. These
consequences of on-the-job search considerably reduce the likelihood that a match survives
until obsolescence.

It is interesting to note that these very strong effects are obtained even though
employed job seekers represent less than 15% of the workforce and, in the benchmark
calibration, they are significantly less efficient at searching for jobs than the unemployed.

The fact that, in the presence of on-the-job search, growth only has a small impact on
the rate of unemployment is robust to a wide range of values of the elasticity of the matching
function and of the bargaining power of workers. It is nevertheless not robust to high levels of
unemployment insurance since on-the-job search rapidly disappears as growth increases.
However, our main result remains very robust if the generosity of unemployment benefits is
determined as a replacement ratio.

Creative destruction models of the labor market have often been criticized on the basis
of the lack of empirical evidence of a positive impact of growth on unemployment. A first
answer to those criticisms was provided by Postel-Vinay (2002) who argued that the short-
term dynamics of an economy with creative destruction are markedly different from those of
the steady state. He showed that, following a sudden increase in the rate of growth,
unemployment initially responds by a substantial decline. Thus, the positive impact of growth
on unemployment is only a long-run phenomenon and it should be tested on that basis. By
allowing for on-the-job search, we provide another defense of the creative destruction
hypothesis. Indeed, the prediction that, even in the long run, there is almost no correlation
between growth and unemployment is certainly easier to reconcile with the data than the
strong positive correlation that typically arises without on-the-job search.

Hence, our findings could potentially qualify the results of Pissarides and Vallanti
(2006) who estimate that nearly all technological progress is of the disembodied form. They
argue that even a moderate amount of embodied progress is not compatible with the negative
impact of growth on unemployment which they find in their data. Also, Hornstein et al.
(2007) propose an explanation for the rise in European Unemployment since the 1970’s based
on an acceleration of embodied technological progress. It would be interesting to allow for
on-the-job search in the context of their chapter, which might reduce their simulated rise in
European unemployment.

This chapter proceeds as follows. The theoretical model is derived in Section 2. Then,
a calibration is undertaken in Section 3; before a sensitivity analysis is performed in the
following section. Finally, in Section 5, we briefly consider the consequences of having the
level of unemployment benefits determined by a replacement ratio. This chapter ends with a
conclusion.
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2 The theoretical model

2.1 Setup

Following Mortensen and Pissarides (1998), we shall assume that, in order to produce,
a firm needs to employ one worker. When a firm fills its vacant position it adopts the most
recent technology available. This choice is assumed irreversible and, hence, the same
technology will have to be used throughout the existence of the match. Technological
progress is therefore characterized by the ever-increasing productivity of newly established
firms.

Irreversibility of investment implies that wages paid by firms erode over time in
comparison with outside opportunities available on the labor market. This eventually leads to
job obsolescence as the wage that an employer would need to pay in order to retain its worker
exceeds the productivity of the match. The obsolescence age is denoted by 7"

It should be emphasized that in this chapter, as in Mortensen and Pissarides (1998),
Postel-Vinay (2002), Michelacci and Lopez-Salido (2007) or Pissarides and Vallanti (2007),
the technology is embodied in matches. Thus, existing technologies disappear as matches
dissolve. An alterative, followed by Hornstein, Kursell and Violante (2005, 2007), is to
consider that technology is embodied in capital, implying that old capital can still be used
after an employee has quitted. In other words, we assume that, once a position is vacant,
adopting the latest technology is not costly. Importantly, under both formulations,
technological improvement requires the formation of new matches. So, the economy cannot
grow if workers do not move to more productive firms, as expected in the context of creative
destruction’.

On-the-job search is allowed and some workers choose to engage into it. The
unemployed are typically more efficient at searching for jobs than the employed. We
therefore denote by s the efficiency of employed job seekers, relative to the unemployed, in
the search process; and we could reasonably consider that s €[0,1]. Hence, market tightness

is given by the following ratio:

v
0= ~,
u+s-e

)

where v denotes the number of vacancies, # the number of unemployed and é the number of
employed job seekers. For simplicity, the working population is normalized to one. The
number of matches per unit of time is given by the following matching function:

mu+s-é,v), (2)

* If, on the contrary, capital can be upgraded within an existing match, then, from the perspective of this chapter,
technological progress should be considered as disembodied.
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which is increasing and concave in both of its arguments, it is equal to zero if any of its
argument is nil and it satisfies the standard Inada conditions. We further assume that it is
homogenous of degree one, implying that the rate at which vacant positions become filled is:

m(u +sé,v)

=m(1/6,]
=q(6)
Note that the function g is decreasing. The rate at which unemployed meet employers is:
mtse) ) @
u+se .
=&y(6)

Clearly, the corresponding rate faced by employed job seekers is s&(8).
Productivity at time ¢ on the technological frontier is denoted by p(z). The

productivity of a firm created at 7 is determined by the best technology available at its
creation; it therefore remains equal to p(7) throughout the duration of the match. Assuming a
constant rate of technological progress, g, productivity at the frontier evolves according to:
t)=e*
p@®) st 5)
where we normalize p(0)=1.

We assume that the wage rate is determined by surplus splitting at each instant®. Let
W(z,t) and J(z,t) denote the asset value (i.e. the present value of expected income) at ¢ of a

job match created at 7 to a worker and to a firm, respectively; similarly U(¢) and V(¢) stand

for the asset value at ¢ of unemployment and of a vacancy, respectively. As we shall soon see,
W (z,t) and J(z,t) are both functions of the wage rate, w(r,#), which is itself indexed by the

date of job creation, 7, and current time, ¢. Surplus splitting implies that, at each instant, this
wage rate is determined by:

W(z,0)-U(@) = B (z,0) +J (z,8) - U@®) -V (D)), (6)
where S is the worker’s share.
For a job created at 7, we denote the wage rate by w™(z,7) if the worker does not

search on the job at time ¢ and by w’(z,¢) if the worker does search on the job at time . We

now characterize these two possible wage rates.

* It is shown in the appendix that the equilibrium with surplus splitting at each instant is identical to the
equilibrium with a fee-contract where the fee is determined by Nash bargaining at job creation. This is important
since the fee-contract is by construction privately efficient. It follows that Shimer’s (2006) concern about the
inefficiency of the surplus splitting rule with on-the-job search does not apply in the proposed framework.

To see this note that, in the context that Shimer considers, on-the-job search is imposed rather than allowed and,
as a result, under Nash bargaining, a profitable deviation for the employer is to marginally raise the wage in
order to increase retention. On the contrary, in this chapter, on-the-job search only occurs once the productivity
of the match is sufficiently far from the technological frontier. Hence, the deviation suggested by Shimer is not
profitable.
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2.2 Wage rate without on-the-job search

Without on-the-job search, the asset value at ¢ of a job created at 7 to a worker
satisfies the following Bellman equation’:

rW(z,0) = w" (1,6) + S[U@®) - W (z,0)]+ W(z,1), @)
where r is the discount rate and 6 the rate of the Poisson process that determines the

occurrence of exogenous shocks that lead to job destruction®. This equation states that the
interest perceived from employment over a unit of time, »W(z,t), are composed of the salary,

w™(7,t), the (negative) expected gains associated to a change of status from employed to
unemployed, 5(U ®- W(r,t)), and the capital gains, W (z,f). This capital gain term is part of
the Bellman equation as, even in steady state, the asset value of employment changes over
time. Indeed, as a firm gets older, obsolescence gets closer and the value of employment

evolves toward that of unemployment. Similarly, the asset value at ¢ of a match made at 7 to
a firm satisfies:

rJ(z,t) = p(7) - w" (7,0) + SV (£) = J(z,1) |+ J (. 1), (8)
where, from the assumption of irreversible investment, the productivity of a firm, p(z), is

determined by the technology available at its creation.
The asset value of unemployment solves:

rU() = pOb + GO ¢, -U®]+ U, ©)
where p(#)b denotes the opportunity cost of employment, which could be thought of as
unemployment benefits, and W(z,t) —U(¢) is the capital gain obtained if a job is found which
occurs at the Poisson rate given by (4). The worker’s opportunity cost of employment, p(#)b,
is increasing with time as, otherwise, we would not have a steady state with a constant rate of
unemployment which would be counterfactual. Also, unemployment benefits could
reasonably be assumed to be equal to a fixed proportion of the average wage in the economy,

justifying the indexation on the current level of productivity.
Finally, the asset value of a vacant position satisfies:

rV(t) =—p(t)e+ @O .0 -V O]+ V1), (10)
where p(¢)c is the flow cost of advertising the vacancy and J(z,£) -V (¢) is the capital gain

obtained when the vacancy is filled which occurs at the Poisson rate given by (3). Again,
stationarity requires the flow cost of advertisement to be indexed on productivity which is a
reasonable assumption to make. Imposing free entry, we must have V(£)=0 at all time;

implying:

W (z,1)
o

¢ It should be emphasized that the possibility of exogenous shocks is allowed for realism since many matches
dissolve before obsolescence and without the worker quitting for another job. This could reflect, for instance,
taste shocks or adverse match specific productivity shocks.

S The dot denotes a time derivative; thus: W (z,7) =
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J p(t)c 11
0= 20 09))

This equation states that the value of a new match to the firm must exactly compensate the
expected cost of advertisement that needs to be incurred in order to fill the position.
The surplus sharing rule assumed for wage determination, (6), could be rewritten as:

W(r,0)-U(t) = %J(r, 7). (12)

Combining this sharing rule at time 7 =¢ with the asset value of a newly matched firm, (11),
we obtain:

B
W, -U() = plt)————. (13)
1- 5 q(0)
This could be substituted into the equation for the asset value of unemployment, (9), to give:
rU(t) = p(t)[b + /3/3 ca] +U(f). (14)

The first term of the right hand side of the equation corresponds to the worker’s reservation
wage. It is larger than the level of unemployment benefits since an unemployed worker can
expect to obtain a lucrative job. Thus, the second term of the reservation wage is just the
value of a new position to the worker, given by (13), multiplied by the rate at which such
position is found, &;(6).

The wage rate is obtained by substituting the asset equations (7), (8) and then (14) into
the sharing rule (12) and by noting that the sharing rule also applies to the capital gains. This
gives:

W (z,1) =,3p(r)+(1—ﬂ)p(t)[b+ 7 ﬂca] s)

The wage is a weighted average of the firm’s productivity and of the worker’s reservation
wage. It typically increases at a rate that is lower than the rate of technological progress as the
employer imperfectly compensates its employee for the improvement in outside labor market
opportunities.

2.3 Wage rate with on-the-job search

The value at ¢ of a job created at 7 to a worker who is seeking for outside
opportunities is given by:

rW(z,t) = W (7,£) = p(t)so + S[U) =W (z,0) |+ s&qO)W (1,) - W (7, )|+ W (z,1), (16)

where p(f)so denotes opportunity cost of on-the-job search to the worker which, for

stationarity, is indexed to productivity. It is also reasonable to assume that search is more
costly when employed job seekers are more efficient which justifies the cost being
proportional to s. In comparison with the corresponding equation without on-the-job search,
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(7), two new terms are added. One is the cost of on-the-job search, p(f)sc, which could be
assumed to be small relative to other variables’; and the other is the capital gain obtained
when moving to another job, W(t,f)—W(z,t), multiplied by the Poisson rate at which such
new jobs are found by employed job seekers, s&(6). Similarly, for a firm, the asset value at
t of a match made at 7 satisfies:
rJ(z,t) = p(r) = W' (1,8) — U (7,) — s69(0)J (z,1) + J (¢, 1), (17)
where free entry is assumed. The value of unemployment is still given by (14) and the sharing
rule, (12), still holds.
Substituting (16) and (17) and then (13) and (14) into the sharing rule (12) and noting
that this rule also applies to capital gains, the wage rate that prevails with on-the-job search is:

w'(7,1) = fp(r) + (1 —,B)p(t)[b +so+(1—5) n _’Bﬂ c0:| . (18)

If employed job seekers are as efficient as the unemployed at searching for jobs, s =1, then
the wage is independent of outside labor market conditions, i.e. it is independent of &. This is
explained by the fact that returning to unemployment yields unemployment benefits, but,
unlike in the case without on-the-job search, it does not open the possibility of finding a more
lucrative job, which has a value increasing in @, as this possibility already exists while
employed. Thus, when s =1, the worker’s reservation wage is equal to p(#)(b+ o) where o
is the cost of searching that does not need to be paid while unemployed which explains why it
is part of the gain associated with returning to unemployment. When employed job seekers
are not as efficient as the unemployed at searching for jobs, s <1, then the worker’s
reservation wage is a weighted average of the two extreme cases where s =1, i.e. the two
types of job seekers are perfect substitutes in the search process, and where s =0, i.e. on-the-
job search is not possible. Finally, by comparing (15) to (18) it is apparent that searching
while working reduces the wage paid to the employee provided that:

0'<1’B cl. 19)

As we shall see in the resolution of the model this turns out to be a necessary and sufficient
condition for on-the-job search to take place before obsolescence.

2.4 Solving for the equilibrium

Importantly, as in Pissarides (1994, 2000 chapter 4), we are assuming throughout that
the firm can observe and verify whether its worker is currently searching for another job or

7 If searching for a job is not more costly while employed than while unemployed, then the opportunity cost of
on-the-job search is equal to zero,i.e. 0 =0.
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not.® Thus, when a worker privately decides to start searching on the job at time ¢, his wage
rate switches from w" (z,¢) to w’(z,f).
Comparing (7) and (16), it appears clearly that a worker chooses to search on the job
at time ¢ if and only if the corresponding benefits are greater than the costs:
W (z,8) — p(t)so + s (t,1) - W(z,H)]= w” (z,1). (20)
Using the expressions for the wage rate, (15) and (18), this condition simplifies to:
W(t,rt) _B c0+o S W(z,t)
)40 &)  p@)
In steady state, the left hand side is constant while the right hand side is decreasing in .
Indeed, the value of an existing match, W(z,f), approaches that of unemployment, U(¢), as

1)

the job gets older. Thus, the growth rate of the numerator on the RHS is lower than g, the
growth rate of the denominator. Note also that condition (21) is not satisfied at the job
creation time, i.e. at ¢ =7 . It follows that, if on-the-job search ever occurs, it only takes place
after a given amount of time spent in a match, denoted by 7' where 7' €[0,T"]. Thus, for a
job created at 7, there are two periods of interest:

e te[r,z+T"), when the worker is not searching;

e te[r+T',t+T"), when the worker is searching on the job.
This is intuitive as a newly employed worker who has recently found a job with productivity
still close to the technological frontier is unlikely to search for outside opportunities.
Conversely, a worker might choose to engage into on-the-job search as obsolescence
approaches in the hope of obtaining a high productivity job without intervening
unemployment.

In this economy, an equilibrium is characterized by values of (7',7",8) such that:

e T' and T" maximize the value of employment to a worker for a given market
tightness 6.

e @ is determined by a free entry condition, which implies that the value of a firm with
a vacant position, given workers’ choice of 7’ and 7", is equal to zero.

Assuming that a firm can observe and verify the search activity of its employee
implies that both the worker and the firm know the total value of the match surplus under any
contingencies. Since surplus splitting applies for any possible choice of 7', the worker will
choose the value of 7' that maximizes the match surplus. His decision will therefore be
efficient.’

® As shown in Michau (2007), assuming that firms cannot observe the search activity of their employees
dramatically increases the amount of on-the-job search which strengthens the main conclusions of this paper.

® The efficiency of the present contracting arrangement is confirmed by the equivalence between the allocation
of resources derived in this section and the allocation resulting from a fee-contract derived in the appendix.
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We now need to work with value functions in order to determine when the worker
chooses to start searching, 7+ 7', and to resign, 7+7", such that the value of his job is
maximized. Since the surplus is shared in fixed proportions between the employer and the
worker, the problem could also be analyzed from the firm’s perspective. It turns out to be
analytically much simpler to maximize the employer’s surplus rather than the worker’s

surplus.
The value of a match of vintage 7 to a firm shortly after creation, # <7+ 7", is given

by:
+I" +T"
J(T, t) - J'e—(rﬂf)(u—t) [p(T) —w™ (T, u)},’u + J‘e—(r+6)(u—t)—say(OXu—(HT')) [p(T) —w (2', u)}{u (22)
t +T"

Now, the first order condition for the optimal time to start searching on the job, 7+7", is
given by:

wo(,7+T)=w (7, 7+ T)+sHO)J(r,7+T"). (23)
This equation states that on-the-job search begins when, from the firm’s perspective, the cost
of having an employee who is not searching, i.e. the left hand side, equals the cost of
employing a job seeker, i.e. the right hand side, where this latter cost comprises the
instantaneous probability of losing the positive asset value of the job.

For the purpose of solving for the equilibrium of the model, the first order condition
(23) could be simplified to:

egr'|:1 fg 7 cl- 0'] = @(B)It[r g o HONu—(rsT) |:1 — e8P (b +s50+(l-5) 1 LB 7 ceﬂdu ,(24)

where the integral could be solved explicitly. It appears clearly from this equation that on-the-

+T'

job search occurs if and only if condition (19), stating that the cost of on-the-job search is not
too high, is satisfied'®. As this condition is reasonable, it is natural and legitimate to allow on-
the-job search in an economy with creative destruction.

Interestingly, even if the opportunity cost of on-the-job search is equal to zero, i.e.
o =0, the worker does not start searching as soon as he is recruited. The intuition for this is
that, by searching on-the-job, the worker imposes a cost on his current employer whose match
might soon dissolve. But, under surplus splitting, this reduces the wage rate of the worker. As
a result, the worker does not find it desirable to incur such wage cut when the productivity of
the match is still close to the technological frontier.

Using the value function of the firm, (22), the first order condition for the optimal date
of resignation, 7+7", is:

p(@)=w'(r,7+T"). (25)

Note that there is no problem of dynamic inconsistency. The firm wants to destroy the job
when the wage rate reaches its productivity level, reducing the surplus to zero. Condition (25)
simplifies to:

1% If (19) does not hold we can consider that 7’ =T". In the rest of this chapter, we assume that (19) is
satisfied.
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p(r) = p(r+T")[b+so-+(1—s)1_ﬂﬂ cﬁ] (26)

The condition of optimality states that the match ends when the worker’s reservation wage

reaches the productivity of the match. Solving explicitly for 7", using the formula for
productivity growth, (5), we obtain:

r=1m L . @7

g b+s0'+(1—s)l'8 cl

An interesting result is that when both types of job seekers, i.e. the unemployed and the
employed, are equally efficient in the search process, i.e. s =1, the maximum life span of a
job is independent of market tightness'’, @. Indeed, as returning to unemployment does not
increase the likelihood of finding a more lucrative job, a worker remains in employment until
unemployment benefits reach the productivity of the firm net of search costs. On the contrary,
when on-the-job search is not allowed or when employed job seekers are not as efficient as
the unemployed at finding jobs, i.e. s <1, then the maximum life span of a job is decreasing
in market tightness. This is explained by the fact that market tightness, which improves
employment prospects, has more value to an unemployed, who is searching very efficiently,
than to an employed job seeker. Finally, note that, for a given market tightness, the maximum
life span of a job is increased by permitting on-the-job search'.

Finally, the equilibrium market tightness, @, is determined by equation (11) which
could be written as:

_I_L:]-’e-<r+a>u[1_egu(b+_/”_ceﬂdu
1-84q0) 1-8

-
+ J.e'(”’s)""a’(gx"'m 1-e®| b+so+(1-5) B cB | |du
T 1-4

, (28)

where, again, the integrals could be solved explicitly.

"' This result generalizes under variable search intensity. If, rather than being fixed at §, search intensity is
allowed to increase smoothly over time, then, assuming that searching while employed is not more costly than
while unemployed, it can be shown that search intensity tends to 1 as the match reaches the obsolescence age
(see Michau 2007).

"2 In the standard creative destruction model without on-the-job search, the maximum age of a match at

destruction, 7", is determined by p(7) = w™ (7,7 +T"), giving:

which is lower than the value implied by (27) whenever (19) holds.
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The equilibrium is characterized by (7',7",0), which is the solution to the system

composed of equations (24), (27) and (28). The wage rate is then given by (15) for
te[r,t+T') andby (18) for r [z +T",7+T").

2.5 Job flows and equilibrium rate of unemployment

The rate of unemployment”, u , and the number of employed job seekers, ¢, could be
deduced from the job flows induced by the model. Job creation could either be due to the
hiring of an unemployed, which occurs at rate &4(@)u(t), or to the hiring of an employed job

seeker, at rate s@7(6)é(?). Thus, the number of new jobs created at time ¢, C(¢), is given by:

C(0) = GO)u(®) +sen)]. (29)
The flow of obsolete jobs at ¢ is equal to the number of job created at #-T",
C(t—T"), multiplied by their survival probability from #—7" to ¢ which we shall now

compute. For a job created at time 7, the probability to survive until 7+7" is equal to e ™
since the arrival of job destruction shocks is given by an exponential distribution with
parameter ¢ . Opportunities to move to another job are distributed according to an
exponential distribution starting at time 7+7' and with parameter s&;(6#). Thus, in order to

survive until time 7+ 7", the job should not be destroyed, which is satisfied with probability

e, and the worker should not find another job, which is satisfied with probability

e *@E@XTT) The two events being independent of each other, the probability to survive until
t+T" is given by e *#€XT-T)  Thus, the obsolescence flow is equal to
Ct-T" =T ~s8(OXT"-T")

Job destruction could either be due to an exogenous adverse shock, to job
obsolescence or to the resignation of an employed job seeker, with corresponding flows equal
to S(1—u(?)), Ct —T"e ™ *%EXT"T) and s@g(0)é(t), respectively.

The flow into unemployment is either due to obsolescence or to the occurrence of
exogenous shocks, whereas the outflow is due to the hiring of unemployed workers. Hence,
the evolution of unemployment is determined by:

u(t) = e HOT O ~ T+ 51— u(?)) - G(O)u(t) . (30)
The flow into the set of employed job seekers is equal to the number of jobs created at ¢ —T"'
that survive until ¢, e C(z—T"), whereas the corresponding outflow is either due to
exogenous shocks that lead to job destruction, to the resignation of employed job seekers who
receive outside offers, or to obsolescence. Thus, the evolution of the number of employed job
seekers is given by:

&)= Ct—T") - &(t) - s89(B)e(t) — e T ¥ T C(t - T"). (1)

" The working population being normalized to one, the rate of unemployment is also the number of
unemployed.
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The rate of unemployment and the number of employed job seekers in steady state
equilibrium, i.e. with C(¥)=C, u(t)=u and é(r)=e for all values of ¢, are obtained by
simultaneously solving (29), (30) and (31).

3 Calibration

In order to quantitatively assess the effects of on-the-job search on the labor market
equilibrium, we now calibrate the model and run numerical simulations. Empirical studies
have provided some support for a constant elasticity of matching (Petrongolo Pissarides

2001). This implies that g is of the form ¢(&) = k6™ where k is a constant to be determined

and « is the constant elasticity of the matching rate with respect to the unemployment rate.
This elasticity, a, is set equal to 0.5, close to the mid-range of estimated values in several
countries (Petronogolo Pissarides 2001). The matching surplus is assumed to be split equally
between the employer and the worker, i.e. §=0.5. This implies that the Hosios condition
holds and that, without on-the-job search, the search equilibrium is efficient. The annual rate
of interest, r, is taken to be equal to 4%. Following Shimer (2005), the opportunity cost of
unemployment b is set equal to 0.4, which is reasonable if it mainly consists of
unemployment benefits.

As in Shimer (2005), the flow cost of posting a vacancy, c, is calibrated such that, for
the benchmark parameterization, market tightness 6 is normalized to 1.'* This gives ¢ =
0.456. The exogenous rate of job destruction 8, the scale parameter of the matching function
k and the efficiency with which employed job seekers look for jobs s are jointly calibrated
such that the transition rates from employment to unemployment, from unemployment to
employment and from job to job are, respectively, equal to 0.104, 1.800 and 0.116. These
values are taken from Menzio Shi (2008) and correspond to the US economy from 1951 to
2006 for the first two transition rates and from 1994 to 2006 for the last one.'® This yields
6 = 0.104, k = 1.800 and s = 0.609. Finally, the cost of on-the-job search ¢ is calibrated
such that the number of employed job seekers represents 10% of the workforce, a
conservative estimate. This implies ¢ = 0.027. This benchmark calibration is derived for a
rate of technological progress g equal to 2%, as in Pissarides Vallenti (2007). Note that this

calibration implies an average job duration of 4.5 years. The values of the parameters of the
model are reported in Table 1.

' In the discussion, we associate each parameter to one moment; but clearly different parameters interact among
each other and the calibration is performed such that all the calibrated parameters c, &, k, s and ¢ jointly match
the desired moments.

1> Menzio and Shi (2008) report quarterly transition rates which were multiplied by 4, to obtain annual rates, for
the present calibration. The first two rates imply an unemployment rate of 5.5%, which approximately
corresponds to the US average from 1951 to 2006.
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Table 1: Parameters

r o b c o s p a k
0.04 0.104 04 0.456 0.027 0.609 0.5 0.5 1.800

We now focus on the impact of the rate of growth g on the equilibrium of the model
and especially on the rate of unemployment. We therefore compare the equilibrium for
growth rates of 2 and 3%. In order to analyze the consequences of on-the-job search,
corresponding results are also reported when s = 0, i.e. without on-the-job search. The results

are reported in Table 2.
Table 2: Simulated equilibrium values
u é v 4 T T"

s =0.609

g=0.02 0.0546 0.100 0.116 1.00 53 26.0

g=0.03 0.0556 0.137 0.134 0.96 4.0 17.7
s=0

g=0.02 0.0894 0 0.086 0.96 - 8.8

g=0.03 0.1063 0 0.097 0.91 - 6.8

It is also interesting to compute the job flows induced by the model. These are displayed in
Table 3.

Table 3: Job flows

Total job Job creation Job destruction
creation | Hiringof  Hiring of Resignation of
(destruc- | unem- employed Exogenous Obsolescence employed job
tion) flow | ployed  job seekers shocks seekers
c &(O)u sty()é 6(1-u) g aOXTC sey(0)é
s =0.609
g=0.02 0.2080 0.0983 0.1097 0.0983 1.9-10712 0.1097
g=0.03 0.2458 0.0982 0.1476 0.0982 1.6-1078 0.1476
s=0
g=0.02 0.1580 0.1580 0 0.0947 0.0633
g=0.03 0.1825 0.1825 0 0.0929 0.0896

We observe that allowing on-the-job search considerably reduces the positive impact
of growth on unemployment; indeed a one percentage point increase in the rate of economic
growth increases the rate of unemployment by only 0.10 percentage point with on-the-job
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search instead of 1.69 without. What is even more interesting is the modification of the labor
market dynamics that occurs when workers are allowed to seek jobs while employed. When
on-the-job search is not permitted, s =0, the main explanation for the positive correlation
between growth and unemployment is the flow of obsolescence which, as can be seen from
Table 3, is responsible for nearly half of the job destructions. Allowing on-the-job search does
not only reduce the obsolescence flow, it almost suppresses it. This is due to the combination
of the large increase in the maximum life span of a match, 7", and of the possibility to move
to a better paid job without intervening unemployment.'® Thus, in this context, a new match
has a very low probability to survive until obsolescence.

We observe that the obsolescence flow is replaced by the flow of job-to-job
transitions. This latter flow, contrary to the former, does not feed unemployment. In fact, the
small positive impact of growth on unemployment that remains is not due to job
obsolescence. Instead, faster growth increases the value of unemployment, which decreases
the total surplus of a match to the worker and, from surplus splitting, to the firm. This
decreases market tightness and, therefore, the hiring of unemployed workers. This
modification of the transmission channels at work shows that on-the-job search profoundly
changes the dynamics of the matching model with creative destruction.

It is also interesting to note that the possibility of on-the-job search has important labor
market consequences although only a minority of employees choose to engage into it, i.e. €
remains below 15%, and their job seeking efficiency is smaller than that of the unemployed,
re.s<1.

As can be seen from Table 2, allowing on-the-job search decreases the equilibrium
rate of unemployment. This is essentially due to the decrease in the obsolescence flow.
Indeed, on the job creation side, the rate at which unemployed are hired hardly changes as
market tightness hardly changes. The evolution is therefore due to the large modifications that
occur on the job destruction side.

Note that an alternative strategy would have been to recalibrate the model without on-
the-job search such as to match the transition rates between employment and unemployment.
This would have guaranteed an identical rate of unemployment in both versions of the model,
i.e. with and without on-the-job search. However, it turns out that, absent on-the-job search,
the obsolescence flow is so high that a negative rate § of exogenous job destruction would be
needed to match the rather low empirical rate of job destruction (while simultaneously
matching the other moments of the calibration).

It 1s nevertheless possible to have an idea of what this strategy would have yielded if
available by setting the exogenous destruction rate § equal to 0. In this case, the rate of
unemployment increases from 6.74 to 8.50% as growth increases from 2 to 3%. The impact of
growth on unemployment is therefore slightly larger than without recalibration, i.e. it is equal
to 1.76 percentage point instead of 1.69. This is not surprising as, with zero exogenous job

1 The average duration of a job being less than 5 years, the latter effect is quantitatively more important than the
former in explaining the disappearance of the obsolescence flow.
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destruction, the obsolescence flow is even larger than before as it is the unique source of job
destruction.

As the outcome of a creative destruction model with on-the-job search contrasts
sharply with that of a model without, our results cast a new light on some applied work
realized on the topic. Pissarides and Vallanti (2006) argue that nearly all technological
progress is of the disembodied form. They estimate from a panel of OECD countries that the
effect of a one percentage point increase in the rate of growth on the rate of unemployment is
equal to -1.49 percentage point in the United-States and to -1.31 in the European Union.
Using a matching model of the labor market that allows for both embodied and disembodied
technological progress, they argue that even a moderate amount of creative destruction could
not be compatible with the observed negative correlation between growth and unemployment.
The positive impact of growth on unemployment induced by the creative destruction effect is
so strong that it could hardly be compensated by the negative impact induced by the
capitalization effect. They conclude that creative destruction plays no role in the steady state
dynamics of unemployment. Clearly, allowing for on-the-job search should alter those results
in favor of the creative destruction hypothesis. Although some disembodied technological
progress would still be needed to explain the negative correlation found in the data, a fair
amount of growth by creative destruction could presumably coexist without absorbing the
capitalization effect.

Also, Hornstein et al. (2007) argue that half the rise in European Unemployment since
the 1970’s could be explained by the combination of labor market rigidities and an
acceleration of embodied technological progress. Although we do not consider any interaction
with policies, our findings suggest that allowing for on-the-job search might reduce their
simulated rise in European unemployment'’. Further research on this issue would certainly be
very interesting.

4 Sensitivity analysis

In the previous section, when performing the calibration, the elasticity of the matching
function a and the bargaining power of workers f were both exogenously set to 0.5 and the

opportunity cost of unemployment » was set to 0.4. Although plausible, these values remain
subject to controversies in the literature. In this section, we therefore investigate whether the
impact of growth on unemployment remains small for other plausible values of these
parameters.

' 1t should nevertheless be noted that their model differs from ours in that technological progress is embodied in
capital rather than in matches.
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4.1 Sensitivity to a and 8

We begin by exploring the sensitivity of the impact of growth on unemployment with
respect to @ and . The results are reported in Table 4, where the on-the-job search model
was recalibrated as described in the previous section for each new pair of @ and B.'® The
effect of growth on unemployment was estimated as growth increases from 2% to 3%. The
corresponding numbers without on-the-job search, i.e. s = 0, are reported in bracket (the
calibration is the same, for each a and B, as for the corresponding number with on-the-job
search).

Table 4: Impact of growth on the rate of unemployment (in percentage points)

a
5 0.1 0.3 0.5 0.7 0.9
0.5 0.203 0.150 0.103 0.059 0.019
' (1.884) (1.781) (1.689) (1.606) (1.532)
0.6 0.214 0.159 0.109 0.063 0.020
' (1.958) (1.865) (1.782) (1.706) (1.637)
0.7 0.234 0.177 0.124 0.076 0.031
' (2.026) (1.942) (1.865) (1.794) (1.729)
0.8 0.399 0.332 0.271 0.215 0.163
‘ (2.090) (2.013) (1.941) (1.875) (1.813)
0.9 1.248 1.147 1.056 0.971 0.893
‘ (2.154) (2.082) (2.015) (1.953) (1.894)

Note: For each a and S, the table reports the impact of an increase in the rate of growth from 2 to 3% on the rate
of unemployment (in percentage points) when on-the-job search is allowed and, in bracket, when it is not.

This sensitivity analysis suggests that the impact of growth on unemployment remains very
low, except for high values of the bargaining power of workers. But, even in this last case,
allowing on-the-job search nearly halves the impact of growth on unemployment.

'8 For each pair of a and B, the parameters &, c, g, s and k have jointly been recalibrated such as to match the
aforementioned empirical moments and the normalization 8 = 1; while r and b remained fixed at 0.04 and 0.4,
respectively, throughout this exercise. Note that the model cannot be recalibrated for 8 below 0.49 as the
bargaining power of workers would be so low that even a zero cost of on-the-job search would not be enough to
induce 10% of the workforce to seek jobs while employed (while simultaneously matching the other empirical
moments). However, corresponding results without recalibration show that a lower bargaining power of workers
reduces the impact of growth on unemployment and, hence, strengthens our main result.
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4.2 Sensitivity to b

Let us now turn to the opportunity cost of employment, b . The chosen calibration for
this parameter could potentially have a large impact on the resulting equilibrium. Indeed, in
order to keep the obsolescence flow to a very low level, it is necessary that workers prefer to
search for jobs while remaining in employment rather than choose to become unemployed. If
the opportunity cost of employment b is high, workers on low productivity jobs will quickly
choose to resign, generating a substantial obsolescence flow.

Figure 1shows the relationship between b and the impact of growth on unemployment
where, again, the on-the-job search model was fully recalibrated for each value of b (with a
and /? both equal to 0.5).19 The solid line reports the relationship with on-the-job search and
the dashed line without.

Figure 1: Impact of growth on unemployment as a function of the opportunity cost of employment
11
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The model could not be calibrated for b smaller than 0.37. Indeed, when b is very low,
workers remain so long in a match before starting to seek for outside opportunities that, even
when on-the-job search is costless, i.e. even when a = 0, the fraction of employed job seekers
is below 10%. Similarly, the model could not be calibrated for b larger than 0.74. When
unemployment benefits are very generous, workers prefer to search while unemployed in
order to save the cost of on-the-job search a. This implies that 77" is close to 7" and, hence,
the obsolescence flow is large. Indeed, for b higher than 0.74, the obsolescence flow is larger

0 The effect of growth on unemployment was computed as growth increases from 2 to 2.1%. The resulting
number was then multiplied by 10 in order to be interpreted as the impact of a 1% increase in the growth rate.
For high values of b, the estimation of the marginal effect of growth on unemployment turns out to be more
precise close to the rate of growth at which the model was calibrated, i.e. close to 2%.
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than the empirical rate of job destruction, which would require a negative rate § of exogenous

shocks

The result that on-the-job search considerably reduces the impact of growth on

unemployment is very robust for values of b up to 0.6. However, such is not the case for

larger values. Perhaps surprisingly, for b higher than 0.66, the impact of growth on

unemployment is larger with on-the-job search than without. To understand this result very

clearly, we report the full labor market equilibrium for b = 0.74. Table 5 gives the calibrated

parameters, Table 6 the labor market equilibrium and Table 7 the corresponding job flows.

Table 5: Parameters

r o b c c s B a k
0.04 0.003 0.74 0.173 0.166 0.609 0.5 0.5 1.800
Table 6: Simulated equilibrium values
u é 0 T T"
s =0.609
g=0.02 0.0546 0.100 0.116 1.00 4.09 4.79
g=0.021 0.0650 0.087 0.117 0.99 4.04 4.60
g=0.03 0.1386 0 0.126 0.91 - 3.65
s=0
g£=0.02 0.1087 0.109 1.00 - 4.59
g =0.021 0.1119 0 0.111 0.99 - 4.47
g2=0.03 0.1386 0 0.126 0.91 - 3.65
Table 7: Job flows
Total job Job creation Job destruction
creation | Hiringof  Hiring of Resignation of
(destruc- | unem- employed Exogenous Obsolescence employed job
tion) flow | ployed  job seekers shocks seekers
C &(O)u s (0)e o(1-u) e Tsaexr-me s&q(6)e
s =0.609
g=0.02 0.2080 0.0983 0.1097 0.0029 0.0954 0.1097
g=0.021 0.2112 0.1163 0.0949 0.0029 0.1134 0.0949
g£=0.03 0.2376 0.2376 0 0.0026 0.2350 0
s=0
g2=0.02 0.1955 0.1955 0.0027 0.1928
g£=0.021 0.2002 0.2002 0 0.0027 0.1975 0
g=0.03 0.2376 0.2376 0 0.0026 0.2350 0
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When the opportunity cost of employment b is high, workers fairly rapidly decide to
return to unemployment in order to find another job without incurring the extra cost of on-the-
job search ¢. This translates into a low value of 7" which generates a substantial
obsolescence flow, as could be seen from the upper part of Table 7. When g is equal to 2%,

the calibration of the model nevertheless ensures that 10% of the workforce is composed of
employed job seekers, i.e. €=0.10, and that the job-to-job transition flow remains
substantial. As a result, more than half the reallocation of workers from low to high
productivity jobs occurs without intervening unemployment and, hence, for g = 0.02, the rate
of unemployment is much smaller when on-the-job search is allowed than when it is not, as
seen in Table 6.

When growth increases to 2.1%, a match becomes obsolete even more rapidly than
before, while on-the-job search only becomes slightly more attractive. Thus, 7" decreases by
more than T’ and, hence, the total number of employed job seekers declines. A higher rate of
growth g leads to a larger aggregate flow of reallocation of workers from low to high

productivity jobs and, furthermore, a larger share of this reallocation process occurs through
obsolescence. This leads to a very large increase in the rate of unemployment.

For a growth rate of 3%, even when on-the-job search is allowed, it does not occur.
The rate of unemployment is therefore independent of the possibility of on-the-job search.
Since, for g =0.02, unemployment was much smaller with on-the-job search than without, it
trivially follows that the impact of an increase in growth on the rate unemployment is much
larger when on-the-job search is allowed.

In a nutshell, the main result of the chapter, that on-the-job search considerably
reduces the impact of growth on unemployment, ceases to hold for high values of b because
on-the-job search disappears as growth increases. To the extent that we do not expect higher
growth to be associated with a lower number of employed job seekers, a high value of b does
not seem very sensible in the present context.

S5 Replacement ratio

Throughout our analysis, we have assumed that the opportunity cost of employment is
just a fraction, b, of the productivity of the economy at the technological frontier, p(¢). In
this section, we relax this assumption by considering the possibility that the level of
unemployment benefits at the time of job destruction is determined as a replacement ratio, ¥ .
It should be noted that, here, the opportunity cost of employment is assumed to consist
exclusively of the forgone unemployment benefits and does not include any value of leisure.

The focus of this section is on the maximum life span, 7", that a job can reach in this
context. We derive the analytic result that, under plausible assumptions, a match could
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survive forever and, hence, there is no job obsolescence flow. This suggests that our previous
numerical results are, fundamentally, very robust.

Solving the model in this case is complicated by the fact that the level of
unemployment benefits is a function of the last wage and, hence, of the last date of job
creation, 7, and of job destruction. Nevertheless, proceeding as earlier to determine the wage
rate and assuming? that the employed and the unemployed are equally efficient at searching
for jobs, i.e. s=1, and that they face the same corresponding costs, i.e. o=0, it is
straightforward to show that the wage rate with on-the-job search is determined by:

w'(z,0) = fp() + (1 - B)b(z,1,1), (32)
where b(z,D,f) denote the level of unemployment benefit at ¢ when the worker’s previous

job was created at 7 and destroyed at D. At destruction time, the level of benefits is
determined by the replacement ratio®!, ¥ <1, so:
br,7+T", e+ Ty =7, 7+T"). (33)
Combining (32) and (33), we have:
Wz, 7 +T") = T—(l—/jp—)} (D). (34)
But, this implies that, for all values of 7" :
p(@) > WMz, t+T"). (35)
Hence, the first order condition for T”, (25), is never satisfied and the match could survive
forever.?

This result is quite intuitive. Indeed, when search is not more costly while employed
than while unemployed, the opportunity cost of having a job is the forgone flow of
unemployment benefits. But, if these are lower than the income fro