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Abstract

Firing restrictions are in use throughout the developed world but their role in the
transmission of macroeconomic shocks into the real economy is mostly unstudied. We
illustrate the theoretical role of these policies as amplifiers of macroeconomic shocks
via labor-misallocation-induced output losses following an adverse shock. We use
our model to derive an aggregation result which features a labor misallocation term
and conduct a simulation exercise which demonstrates how misallocation can drive
total factor productivity (TFP) down during recessions. We then perform a quasi-
natural experiment which utilizes global credit supply shocks to study this amplifying
role using a panel of 21 OECD economies. We show that strict firing restrictions are
associated with a weaker initial response of the labor market, which is followed by a
stronger and more persistent decline in real output as well as a slower return of real
activity to pre-shock levels. The stronger output decline can be mostly explained by a
stronger fall in aggregate TFP, which supports our theoretical predictions.
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1 Introduction

How do firing restrictions affect the transmission of macroeconomic shocks? Employ-

ment protection legislation (EPL) is a widely used set of policy devices in developed

economies and it plays an important institutional role in modern labor markets. Most of

the policy debate regarding EPL is centered around two main issues: its effects on long-

term macroeconomic performance on the one hand, and its significance for microeco-

nomic outcomes in the labor market, on the other hand.1 However, the use of such a pol-

icy device in times of economic adversity may alter the impact of macroeconomic shocks,

influence their transmission mechanisms, and affect recovery. To fix ideas, throughout

this paper, the term EPL will relate only to firing restrictions on regular workers and the

two will be used interchangeably unless when relating to a particular restriction.

What This Paper Does. Our aim in this paper is to explore the potential link between

EPL and economic resilience. We use the latter term to refer to an economy’s ability to

withstand macroeconomic shocks. To accomplish this goal, this paper unfolds in three

parts.

First, we demonstrate the capacity of firing restrictions to affect misallocation during

a business cycle using a search and matching model which incorporates termination costs

and advance notice. Our model builds upon the work of Lagos (2006), but allows for an

endogenous choice of capital and includes a novel treatment of termination notice within

a search model. The model enables us to derive an aggregation result that illustrates

the capacity of firing restrictions to generate a cyclical decline in total factor productivity

(TFP) stemming from labor misallocation, in addition to the policies’ steady-state effects.

1The literature on EPL is vast and encompasses various fields, ranging from labor and political eco-
nomics to macroeconomics; our focus in this paper is on the macroeconomic aspect of EPL and therefore
we do not discuss much of the literature concerning EPL from other perspectives. For a comprehensive
overview of this literature see Skedinger (2010) or chapter 10 in Boeri and van Ours (2013).
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Our aggregation result may be useful for future empirical works aimed at providing a

more detailed decomposition of TFP and applying misallocation adjustments so as to

construct purified aggregate technology measures as well as isolate the effects of different

policies.

Second, we conduct a quantitative exercise that attempts to gauge the relative impor-

tance of the misallocation channel for cyclical dynamics. We calibrate our model to match

key moments in an economy which features significant firing restrictions, namely France.

We propose a novel (to the best of our knowledge) calibration strategy and show that

it performs well in terms of matching steady-state moments of the earnings distribution

which are not targeted moments. The quantitative exercise suggests that the cyclical mis-

allocation channel is present and of meaningful magnitude. We relate our model to the

literature on aggregate fluctuation in search models, i.e. Shimer’s puzzle and discuss its

effects in our setup.

Last, we utilize global shifts in credit conditions to conduct a quasi-natural experi-

ment capable of uncovering the effects and propagation of such shifts into output and

labor markets of economies exhibiting different levels of firing restrictions. The central

motivation for our empirical approach rests on the fact that the recent global financial cri-

sis had a considerable effect on developed economies and that most of these economies

vary substantially with respect to their labor market policies. We carry out this analysis by

estimating state-dependent impulse response functions to the shock for measures of real

activity and labor market activity. Our identification approach adapts the local projections

method developed in Jorda (2005) to a panel setting, as in Auerbach and Gorodnichenko

(2012).

The main results from our empirical analysis can be summarized as follows. Firing

restrictions reduce the initial effect of the shock on the labor market, leading to a smaller

and slower rise in unemployment, a smaller drop in employment, and to more stability
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in terms of labor-force participation. However, from roughly the 1.5-year mark onwards,

economies under strict firing restrictions experience a stronger and more persistent de-

cline in real output. The drop in output is in the opposite direction to the effect on em-

ployment and too fast and sizable to be accounted for by a differential decline in capital

stock, which is consistent with a drop in TFP taking place under the more restrictive

regime. Such a drop is indeed evident in the data and is statistically significant. We

further demonstrate that this sequence of differential responses in the labor market, real

output, and TFP is statistically significant and robust to various choices of specifications

and samples. These results are in line with those of the simulation exercise and suggest a

TFP decline that is larger but falls within the same order of magnitude as our quantitative

exercise implies. Interpreted through the lens of our theory, this amplification mechanism

has its roots in EPL’s contribution to increased misallocation of labor following an adverse

shock.

Our results are of particular policy importance for the current COVID-19 crisis. Our

theory indicates that countries in which firing restrictions are pervasive may experience

a larger drop in aggregate TFP over the next few years. To ameliorate this adverse effect,

our results provide support for a relaxation of these restrictions, at least temporarily, as a

part of an economic exit strategy for the current crisis.

Related Literature. This paper is most closely related to the literature on labor market

institutions and their interaction with macroeconomic shocks. The work of Blanchard and

Wolfers (2000) describes how changes in European unemployment data can be explained

by the interactions the institutional factors in the labor market with various shocks. In ad-

dition to the long-term changes in unemployment, institutional factors had been linked

to macroeconomic volatilities (e.g., Gnocchi et al. (2015) and Rumler and Scharler (2011)).

The interaction between EPL and the business cycle has also been studied in Nunziata
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(2003) which demonstrates empirically and theoretically that strictness of EPL lowers

the output elasticity of employment. Along this line, Duval and Vogel (2008) illustrate

how strict EPL leads to more persistence in business cycle dynamics using output gap to

identify cycles. The mechanism suggested by theory to explain this link between cycli-

cal adjustment and EPL is that strict EPL should slow turnover dynamics and make the

adjustment process to a shock longer as in Bentolila and Bertola (1990) and in Garibaldi

(1998). The work of Messina and Vallanti (2007) provides support to this claim using firm-

level data which indicates that strictness of EPL dampens the response of job destruction

to the cycle, thus leading to less counter-cyclicality in job destruction.

This paper is also related to the literature which emerged after the Great Recession

aimed at understanding the fashion in which different advanced economies have re-

sponded to what was generally considered as a global shock. Just following the Great

Recession Ohanian (2010) examines the way in which Europe and the United States have

experienced this shock using business cycle accounting. Ohanian’s analysis points to the

fact that in Europe the drop in the productivity deviation was more pronounced, while the

United States had experienced little change in the productivity deviation but had experi-

enced a sizable drop in the labor deviation relative to that which was present in Europe.

Ohanian notes that this may be due to European firing restrictions which may lead to

labor hoarding and lower measured productivity. This insight, which is revisited in Oha-

nian and Raffo (2012), is another motivation for this paper as it will demonstrate in detail

how this may be the case and to what extent is this channel present. The relevance of la-

bor market rigidities to the propagation of international business cycles is also discussed

in the work of Perri and Quadrini (2018) which show that when the authors account for a

variation in the adjustment costs of the labor input between the United States and the G6

countries, their model is able to provide a better match for the response patterns from the

Great Recession.
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Contribution. The contribution of this paper are twofold. First, the paper contributes

to the empirical literature by conducting a comprehensive investigation of the link be-

tween firing restrictions and the transmission of credit supply shocks to several outcome

measures, such as real output, privet consumption, investment, capacity utilization, TFP,

unemployment, employment to population ratio, and labor-force participation. Our iden-

tification strategy in this paper differs from the aforementioned works due to the use of

an identified shock and higher data frequencies to estimate non-linear, state-dependent

impulse response functions which allow observing the restrictions’ effect on the shock’s

transmission channel rather than exploring these effects on moments or long-term trends.

Second, this paper contributes to the theoretical literature by creating a very rich

model of firing restrictions. The conceptual contribution of the model is the aggrega-

tion result provided in Section 2, which is a generalization of the result of Lagos (2006)

with a richer institutional setup. Using a quantitative version of our model we illustrate

the amplification channel by which firing restrictions lead to an increased level of mis-

allocation following an adverse shock, thus lowering TFP and consequently leading to a

more stark drop in output. Although we cannot directly observe the theoretical channel

in the data, the model provides predictions that are broadly consistent with our empirical

findings and allows for a better understanding thereof. As such, we view the empirical

contribution of this paper as the most significant one, and will continue to explore the

theoretical misallocation channel in our future work.

Outline. The rest of the paper proceeds as follows. We begin in Section 2 by modeling

the way by which firing restrictions affect aggregate productivity and affect the transmis-

sion of aggregate shocks. We proceed in Section 3 by conducting a quantitative calibration

and simulation exercise by which we illustrate the potential amplification effect that re-

sults from increased labor misallocation following an adverse shock. We then move on
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to our empirical analysis. We describe the data used with an emphasis on the measure

for EPL in Section 4. In Section 5 we present our econometric method. In Section 6 we

present and discuss our results. The final section concludes. We relegate some of the more

technical elements of the model to Appendix A, the robustness of our empirical results is

discussed at length in Online Appendix B, and a detailed description of the datasets used

is given in Online Appendix C.

2 Theory - Firing Restrictions and Cyclical Behavior

In this section, we illustrate how firing restrictions can affect the transmission of an ag-

gregate shock, using a simple, one-sector model. Firing restrictions in our model will

consist of a firing cost and a period of termination notice.2 During the notice period, the

worker awaits termination and thus has no incentive to exert effort in production. The

firm is bound by legal constraints to continue employing said worker under the same

wage. Total separation costs from an employee are thus the sum of the cost of firing and

wage paid for the duration of the notice period. In terms of aggregate production, this

separation cost can be conceived as an adjustment cost associated with the aggregate la-

bor input. The more costly the adjustment is, the less likely it is to occur, which means

that the firm will be less inclined to separate from less productive workers. This incentive

lowers aggregate productivity which is the average productivity of all matches.

This link between separation costs and productivity is presented in Lagos (2006) which

shows that firing cost reduce aggregate steady-state productivity. His analysis builds on

the framework of the textbook endogenous separation search and matching model found

2This is not a normative paper so we do not model why does this regulation exist for a comprehensive
treatment of this issue see Saint-Paul (2000). The key intuition is that in a frictional economy there are rents
associated with employment and the median voter is likely to be an employed person trying to maintain or
seek rents.
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in Pissarides (2000) and links the reservation productivity level, the lowest productivity

realization of a match that does not result in termination, and aggregate productivity.

The lower the reservation level, the lower is aggregate TFP. Our model follows the two

previous models closely but with the following noteworthy alterations.

First, we add to the model termination notice instead of just a firing cost. This exten-

sion, in itself, is not novel and had been implemented by Garibaldi (1998) and Bentolila

et al. (2012). We use the same mechanics to allow for a delayed firing mechanism but,

importantly, we endogenize the wage paid during the notice period.3 Upon the choice of

a matched pair to separate, the worker produces the minimum possible amount and is

paid the last wage earned by her until a firing-permission arrives and induces payment

of the firing cost by the firm and final separation of the pair. Second, since we are inter-

ested in business cycle dynamics, we add aggregate risk into the model. Third, since our

empirical analysis will consist of an impulse response to a risk premium shock, we add a

capital choice at the individual job level into the model and a reduced-form risk premium

shock.

Our theoretical device abstracts from many potential channels of influence for firing

restrictions. We abstract from the policies’ potential impact on research and development

expenditure as in Saint-Paul (2002), from the potential for distributional effects as in Kahn

(2007), from nominal rigidities as in Zanetti (2011), and from their effect on long-term

human capital accumulation as in Gaetani and Doepke (2016). The reason for this simpli-

fication is twofold. The first is analytical tractability and the second is that most of these

elements have a bearing on long-term growth and market structure while our key inter-

est is cyclical dynamics for shorter horizons. Hence, the merits of using a tractable search

3Garibaldi (1998) assumes that the firm is able to extract the full rent from the employee, so there is no
bargaining, and Bentolila et al. (2012) assume that the wage paid during notice is the same as the average
wage in the economy. We allow the firm-worker pair to bargain during the regular employment period us-
ing standard Nash bargaining but, given the knowledge that regulation imposes upon the firm to continue
paying the bargained wage to the worker until the end of the notice period.
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and matching model as a theoretical device outweigh, in our eyes at least, its inherent

limitations.

2.1 The Model

A firm in the model is an employer-employee pair which produces a single homogeneous

good using capital, k, a common productivity factor, p, and an idiosyncratic component,

x, which quantifies efficiency units of labor. Efficiency units of labor at the individual job

level are drawn from a common primitive distribution with CDF G (x) and a compact

support [xmin, xmax]. Each job may experience an idiosyncratic shock that arrives at rate λ

which re-draws x from G (x) . The arrival of such a shock may trigger a separation choice.

We assume that the match cannot separate immediately due to firing restrictions but that

the separation decision results in the pair entering into a period of termination notice. The

worker under notice receives her last wage until separation occurs. This worker produces

with the minimum amount possible of efficiency units xmin, and its eventual separation

from the firm arrives with the rate φ which corresponds to notice duration.

The Firm. Each efficiency unit of labor allows the firm to produce output using a pro-

duction function f (k) which is assumed to be homogeneous of degree α < 1. This implies

locally decreasing returns to scale which we interpret as a limitation on the span of con-

trol. We assume that there is a perfectly competitive market for capital which is rented by

the firm from households at a rental rate ρ, and that capital supply is perfectly elastic so

that aggregate capital is demand-driven. The price of capital is given by ρ = r + δ + ξ,

where r is the natural rate of discount in the economy, δ is the depreciation rate, and

ξ is the risk premium. The firm chooses capital by equating its marginal product to its

marginal cost at the efficiency unit level. Unlike den Haan et al. (2000), we do not ex-

plicitly model a household that saves and consumes. But, a possible way in which the
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risk premium can be micro-founded in an even richer model is a stochastic shock to the

households’ preferences with regard to holding safe liquid assets as in the work of Fisher

(2015) (i.e., a flight-to-quality shock).

The value function J (x, s) of the producing firm is given by

rJ (x, s) = xp[ f (k (s)) − ρk (s)]− w (x, s) + λ
∫ xmax

xmin

max { J (y, s) , Jn (w(x, s), s) }dG (y)

− λ J (x, s) + τE
[
max

{
J
(
x, s′

)
, Jn (w(x, s), s′

) }
− J (x, s) | s

]
, (1)

where s denotes the aggregate state of the economy, w(x, s) denotes the bargained wage

of a worker with x efficiency units at state s, and Jn (w(x, s), s) denotes the value of being

in a state of notice. The firm discounts its production profits by r and takes into account

the possibility of two shocks, a match-specific idiosyncratic shock with arrival rate λ after

which the firm will choose whether or not to stay matched with the worker or to give

notice of separation, and an aggregate shock that arrives with hazard-rate τ which em-

bodies the same choice.4 If notice was given, the wage level is fixed at w(x, s) and cannot

be updated. Thus, the value of a firm during the state of notice is given by:

r Jn (w(x, s), s) = −w (x, s) + xminp[ f (k (s)) − ρk (s)] (2)

+ φ(V (s) − Jn (w(x, s), s) − Fpf (k (s))) + τE
[

Jn (w(x, s), s′
)
− Jn (w(x, s), s) | s

]
,

where φ is the hazard-rate associated with the arrival of a firing-permission and end-

ing the notice period, V (s) is the value of a vacancy, and the firing cost is Fpf (k). When

viewed from the point of view of the individual firm, it is more convenient to think of

4We consider a change in the aggregate state as a re-draw of certain model parameters from a discrete
known state-space. To economize on notations, we do not denote the state-dependence of each parameter,
thus facilitating generality and avoiding cumbersome notations such as ρ(s).
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Fpf (k) as a tax on separation rather than an output loss cost. However, from the point of

view of the aggregate firm, which will be constructed later, we will interpret Fpf (k) as an

output loss cost and not as a tax. The main reason for this is that we think of Fpf (k) as a

non-pecuniary adjustment cost at the aggregate level and not as a tax with re-distributive

effects. The firing cost is a cost in lost output, by way of using existing and paid for la-

bor and capital in the effort of firing a worker. This, in reality, would consist of paying

a lawyer, meetings with unions, conducting a hearing before the notice is given, and so

on. This makes F into the number of efficiency units of labor that must be spent in such

a process and Fpf (k) into a quantity in terms of output of another job that is choosing

capital optimally as in Eq. 1.

The Worker. Analogously, the value function for the worker W is given by

r W (x, s) = w (x, s) + λ
∫ xmax

xmin

max {W (y, s) , Wn (w (x, s) , s) }dG (y)

− λ W (x, s) + τE
[
max

{
W
(
x, s′

)
, Wn (w (x, s) , s′

) }
− W (x, s) | s

]
, (3)

and the value function during notice Wn is

r Wn (w (x, s) , s) = w (x, s) + φ(U (s) − Wn (w (x, s) , s) )

+ τE
[

Wn (w (x, s) , s′
)
− Wn (w (x, s) , s)

]
, (4)

where U (s) is the value from being in a state of unemployment.
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Bargaining and The Separation Choice. As is standard in the search and matching lit-

erature, the wage is given by a continuous-time Nash bargaining problem. In our model,

the wage bargaining is slightly more conceptually challenging because of the presence

of termination notice. The introduction of termination notice imposes that the bargained

wage will be the wage during the advance notice period and in essence, makes the out-

side option of each side dependent upon the wage. We will show that this dependence

is not problematic in our setup and that we do not need to keep track of the wage itself

to obtain all of the model dynamics for job-creation and destruction. The key intuition

behind this result is that as long as the bargaining problem is still a transferable utility

game, any mandated transfer can be offset by the bargaining mechanism via changing

the wage.

The only reason for a pair to change their working arrangement by changing the wage

or separating is a re-draw of the aggregate or the idiosyncratic state. Without changing

these, each existing match will keep on going forever and no separations and termina-

tion notices will occur. Thus, we present two bargaining problems. The problem of a

continuing pair, which is given by:

w (x, s) = arg max (W (x, s) − Wn (w (x, s) , s) )β( J (x, s) − Jn (w (x, s) , s) )1−β, (B1)

and that of the updating pair

w? (x?, s?) = (B2)

arg max (W (x?, s?) − Wn (w (x, s) , s?) )β( J (x?, s?) − Jn (w (x, s) , s?) )1−β,

where the wage is updated from its previous level w (x, s), which was the result of (B1)

under the state (x, s), given a new state (x?, s?). The key difference between (B1) and
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(B2) is that in (B1) the wage affects the outside option, while in (B2), the outside option is

fixed.

Lemma 2.1. The choice of separation has the Markov property. The bargaining problems (B1) and

(B2) are governed by the same surplus level M (x, s), and separation depends only on the current

realization of (x, s) and not on wage history.

Proof. The two problems have the following standard first order conditions:5

β( J (x, s) − Jn (w (x, s) , s) ) = (1− β)(W (x, s) − Wn (w (x, s) , s) ), (FOC1)

β( J (x?, s?) − Jn (w (x, s) , s?) ) = (1− β)(W (x?, s?) − Wn (w (x, s) , s?) ). (FOC2)

As a result, one can define the match surplus levels for problems (B1) and (B2) corre-

spondingly as:

M (x, s) = J (x, s) − Jn (w (x, s) , s) + W (x, s) − Wn (w (x, s) , s) , (M1)

M′ (x?, s?) = J (x?, s?) − Jn (w (x, s) , s?) + W (x?, s?) − Wn (w (x, s) , s?) . (M2)

Let us define now the sum of the values during the notice as Mn (s) = Jn (w (x, s) , s) +

Wn (w (x, s) , s) . Importantly, Mn (s) is only a function of the aggregate state s and not

of the wage level during the notice period. One can show this by summing together

5The reason that these first order conditions maintain the standard form is that, as in the simple search
and matching model, the bargaining with or without termination notice is a transferable utility game for
two agents with the same planning horizon. As such, the following statements hold: ∂ J(x,s)

∂w = − ∂ W(x,s)
∂w ,

and ∂( J(x,s)− Jn(w(x,s) ,s) )
∂w = − ∂(W(x,s)−Wn(w(x,s) ,s) )

∂w . These derivatives are rather complicated and cancel
out immediately, so in the interest of clarity we omit these cumbersome derivations from the text.
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Equations (2) and (4) to obtain

r Mn (s) = xminp [ f (k (s)) − ρk (s)] + φ (U (s) − Mn (s) − Fpf (k (s))) (5)

+ τE
[

Mn
(
s′
)
− Mn (s) | s

]
.

Thus, given the aggregate state s, the surplus level that corresponds to both problems

is:

M (x, s) = M′ (x, s) = J (x, s) + W (x, s) − Mn (s) . (6)

Eq. (6) means that regardless of the wage, or any other transfer structure that would

be mandated during the notice period from one side to the other, the separation choice

only depends on the current state (x, s) as long as the sum of the outside options remains

unaffected.6 Separation in the model would result when M (x, s) < 0. Thus, for each

pair, separation maintains a Markov property by virtue of being independent on past

realizations.

Moreover, at the aggregate level separations in the model do not depend on the wage

distribution but only on the distribution of x and the aggregate state. Since time is con-

tinuous in our setup, the aggregate wage distribution is composed only of the solutions

to (B1), as the wage that solves (B2) would prevail for only an infinitesimal length of time

before renegotiation according to (B1) would occur.

Match Surplus and The Reservation Level. The bargaining problems above illustrate

that the key determinant of separations in the model is the match surplus M (x, s). We

will show that for each aggregate state, there exists a minimal realization of x to which

we call the reservation level, denoted by R (s) such that M (R (s) , s) = 0. This means

6Examples under which such is not the case, are cases where the wage affects the size of the surplus
itself, e.g., in the presence of distortionary taxes.
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that a re-draw will result in separation in state s if and only if x < R (s) .

After some tedious but straightforward algebra one can derive the following expres-

sion for the surplus level:7

(r + λ + τ)(M (x, s) + Mn (s) ) = xp( f (k (s)) − ρk (s))+ (7)

λ

[
Mn (s) +

∫ xmax

xmin

max (M (y, s) , 0)dG (y)
]
+ τ

[
E
[
max

{
M
(
x, s′

)
, 0
}
+ Mn

(
s′
)
| s
]]

.

Lemma 2.2. If there is a level of x in state s such that, M (x, s) is positive, i.e., there is some

production in state s, then there exists a unique minimum level of x in state s for which the match

continues to produce together. This level is defined here as the reservation level of efficiency units

of labor R (s) . The reservation level is the unique zero of M ( x , s) at state s. Any realization of

x below the reservation will result in separation.

For a formal proof, see Appendix A.2. The important part of the proof is that the func-

tion M (x, s) is monotonically increasing in x for each aggregate state. In the deterministic

case, τ = 0 and the result is trivial with ∂ M(x,s)
∂x = p f(k)−ρk

r+λ , the stochastic case is slightly

more technically complex and is thus placed in the Appendix. A key picture to have in

mind here is that the value function M (x, s) which is linear in the deterministic case, is

in the stochastic case piece-wise linear for each state s. Suppose for the sake of example

that there are two possible states denoted by 1 and 2 and that without loss of generality,

R(1) ≥ R(2). We can divide the support into three parts, as follows, the simplest is the

interval[R (1) , xmax] in which an aggregate shock results in continuing the production of

the pair. Thus, the option value encapsulates the probability of continuing production

under an alternative state. On the interval [R (2) , R (1) ), a producing pair that is tran-

sitioning from state 2 into state 1 will separate immediately. Thus, the option value now

7See Appendix A.1 for explicit step-by-step derivation of this equation.

14



takes into account the probability that an aggregate shock will result in separation, chang-

ing the slope of the value function compared with that in the previous interval. The last

interval [xmin, R (2) ) has no producing realizations in it and the value function is nega-

tive in each state. Thus, if there are a possible states, the function M (x, s) is piece-wise

linear with a break points and a + 1 intervals. In every one of these intervals the value

function is linear with an exact slope described in Appendix A.2.

Job-Creation. Firing restrictions will affect the hiring decision by changing the expected

value of the resulting match. However, by design the restrictions will only be applied to

existing matches and not to newly forming ones. At the point of meeting, the employee

and the employer, have as their outside options unemployment and a vacant job corre-

spondingly, instead of the notice period that the continuing pair will face. As such, we

will turn our attention now to the newly forming pair’s problem or the outsiders’ prob-

lem:

wh (x, s) = arg max (W (x, s) − U (s) )β( J (x, s) − V (s) )1−β, (B3)

where the wage of the newly hired worker will be wh (x, s) with U (s) denoting the

value from unemployed and V (s) is the value of a vacancy.

Unlike the bargaining problems discussed earlier, the problem (B3), is quite standard

as the outside option for each side does not depend on the wage. In the literature, one

sometimes encounters this type of outsider problem with a different firm value than

J (x, s), called for example Jh (x, s). This is done because the hiring wage is wh (x, s)

and not w (x, s). Importantly, at the moment after hiring is done, the wage will be re-

negotiated and the bargaining would result in the wage level w (x, s). Thus, J (x, s) and

Jh (x, s) are the expected values of two financial assets yielding identical expected div-
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idend streams other than the divided at the first period. In a discrete-time model, this

difference is important and must be taken into account. However, in a continuous-time

model, the difference in wages takes place only for an infinitesimal amount of time and

J (x, s) and Jh (x, s) are equal to one another as a single point-wise discontinuity does not

alter the value of an integral. The same case can be made for the household.

As in the previous problems, we can understand the problem by examining the match

surplus associated with (B3) which is:

Mh (x, s) = J (x, s) + W (x, s) − U (s) − V (s) . (8)

As is standard in search and matching models, we assume free entry which means that

V (s) = 0 for every state s. Using this assumption and Eq. (6) one can arrive at the

following relationship:

Mh (x, s) = M (x, s) + Mn (s) − U (s) . (9)

Thus, the relationship between the surplus at hiring and the surplus in continuation is lin-

ear and depends upon the values of the gained notice period and forgone unemployment

Mn (s) − U (s) which can be larger or smaller than zero given model parameters.8

Importantly, since Mh (x, s) depends on x only via M (x, s), their derivatives with re-

spect to x are equal. Thus, at each state s, there is a unique zero for Mh (x, s), but given

that Mn (s) − U (s) is not necessarily equal to zero, the solution to Mh (x, s) = 0 is prob-

ably different than Rs.

At this point, one’s assumptions regarding information play a key role. If one assumes

8For example, in the deterministic case τ = 0 with xmin = 0 we have that (r + φ)Mn (s) =
φ(U (s) − Fpf (k)) which makes Mn (s) < U (s) as Fpf (k) is positive and φ is positive. One can choose a
higher value of xmin that would alter this result for some or all states.
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that x is known exactly at the time of the meeting, the model has two reservation levels,

one above which hiring occurs and one below which termination occurs. There are three

problems with this assumption: First, it is very unrealistic and unlikely that a pair will

know following an instant’s interaction the exact quality of their respective match as we

are dealing with a single search pool; Second, a quantitative implication of having two

reservation levels, which will be illustrated in detail when we discuss the calibration, is

that the distribution of x among existing matches, and the wage distribution, as a result,

will have a very distinct kink at the higher of the two reservation levels. This is an unre-

alistic feature for an earning distribution; Third, on a technical level, the model becomes

more difficult to handle and it is harder to draw analytical conclusions. If one assumes

no knowledge of x at the point of hiring, hiring is solely based upon expectations of x

which will be identical for every pair. This assumption is very analytically appealing but

it has a very problematic feature. A large amount of newly hired workers will be fired

on their first day as in the absence of information, hiring will occur at x < R (s) . We

choose a middle-way between these two that is based on the following rationale. The no-

information case is unlikely at the extreme since, in reality, firms do conduct interviews

and have some sort of screening mechanism in place. Workers do some sort of screen-

ing for job openings themselves be it looking for information on-line or simply asking

around about their potential employer. This screening is naturally imperfect but allows

passable matches to form. We assume that the bilateral screening technology reveals to

both sides whether or not their matching will be passable at the current state of the world.

Technically put, the information set at the time of the meeting is symmetric and binary.

Both sides receive the same information from their screening technology, which is either

x < R (s) in which case, they continue to search, or x ≥ R (s) in which case they choose

to form a match.9

9We abstract from strategic considerations of cut-off choice which may result in some immediate sepa-
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We assume the standard Cobb-Douglas matching function m (u, v) = σuηv1−η with

θ = v
u denoting labor market tightness. Given the screening technology, a vacant job en-

counters a job-seeker with rate q (θ) = m
v , and a job-seeker encounters a vacant job with

rate θq (θ). The vacancy-filling rate is q ( θ (s) ) (1− G (R (s) ) ), and the job-finding rate

is θ (s) q ( θ (s) ) (1− G (R (s) ) ). By choosing θ (s) and R (s) the firms control aggre-

gate job-creation and destruction at each state.

Value Functions During Search. Given the matching mechanism we described, we can

now discuss the final two value functions, those of the searching firm and worker. We

assume that the searching firm must have some amount of capital in place, thus search

cost will be proportional to the cost of capital that would be used in production. As such,

the value from a job vacancy is given by

r V (s) = −pcρ k (s) + q ( θ (s) )
∫ xmax

R(s)
J (y, s) dG (y) + τE

[
V
(
s′
)
− V (s) | s

]
,

where the searching firm pays the flow cost of search by renting a proportion cp, where

p is the aggregate productivity parameter, of the capital rental cost that a single efficiency

unit would require ρk (s) which it takes as a given. The reason that we choose this cost

structure is to capture the notion that a vacancy results in some amount of idle capital

with opportunity cost. With rate q ( θ (s) ) (1− G (R (s) ) ), the vacant job is filled with a

passable worker and the pair begins to produce.

The value function can be simplified by two ways. First, we have already discussed

the free-entry condition which means that V (s) = 0 in every state. Second, the value

function J (x, s) is related to the hiring surplus. In particular, the first order condition of

rations in the economy as modeling formally the screening choice is beyond the scope of this paper.
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(B3), together with the free-entry condition is:

β J (x, s) − (1− β)(W (x, s) − U (s) ) = 0. (10)

which means that J (x, s) = (1− β)Mh (x, s) . Taken together, the job-creation condi-

tion in the model is given by:

cpρ k (s) = q ( θ (s) ) (1− β)
∫ xmax

R(s)
Mh (y, s) dG (y) . (11)

The value from being in a state of unemployment is given by

r U (s) = z+ θ (s) q ( θ (s) )
∫ xmax

R(s)
[W (y, s) − U (s) ]dG (y) + + τE

(
U
(
s′
)
− U (s) | s

)
,

where z is the flow value of being unemployed. Using Eq. (10), which implies that

W (x, s) − U (s) = β Mh (x, s) we finally obtain:

r U (s) = z (12)

+ θ (s) q ( θ (s) ) β
∫ xmax

R(s)
Mh (y, s) dG (y) + τE

(
U
(
s′
)
− U (s) | s

)
The model solution can be completely characterized by solving the system of equa-

tions that is composed of (5), (7), (8), (11), and (12). Numerically speaking, the integral

expression will be solved using integration by parts or discretization, which will be dis-

cussed in Section 3.
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2.2 Aggregation.

Population Composition. The population size is normalized to unity and it is com-

posed of three groups: unemployed persons u, employed persons e, and those employed

under termination notice n, where u + e + n = 1. Given the previously described mecha-

nisms for hiring and terminations, aggregate termination will depend on the distribution

of x across the productive realizations. This distribution, which we denote by H (x), has

the following law of motion:

Ht+1 (x) et+1 = et(Ht (x) − Ht (Rt+1) ) + θt+1 q (θt+1) ut(G (x) − G (Rt+1) )

+ λet[(1− Ht (x) )(G (x) − G (Rt+1) )− (Ht (x) − Ht (Rt+1) )(1− G (x) )]

− λet(Ht (x) − Ht (Rt+1) )G (Rt+1) , (13)

where t and t + 1 denote time. We shift momentarily into discrete-time notation as

we find that it helps to clarify the non-linear dynamics of the model. The first term in the

right-hand side relates to the immediate outflow form employment into notice that results

when the reservation level increases. Note that when the reservation remains unchanged

or decreases Ht (Rt+1) = 0 since there were no producing realizations below Rt+1 dur-

ing period t. If the reservation were to increase, we would observe a positive amount of

separations of mass etHt (Rt+1) > 0. The second expression represents inflow into em-

ployment at x or below it. The last three terms represent changes in the distribution that

result from idiosyncratic shocks that result in, lowering x, increasing x, or separation of

active matches respectively.

Together with this law of motion, the population dynamics in the model can be char-

acterized by the following laws of motion for the three masses:
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ut+1 = ut − θt+1 q (θt+1) (1− G (Rt+1) )ut + φnt, (14)

et+1 = et + θt+1 q (θt+1) (1− G (Rt+1) )ut

− [λ G (Rt+1) (1− Ht (Rt+1) ) + Ht (Rt+1) ]et, (15)

nt+1 = nt − φnt + [λ G (Rt+1) (1− Ht (Rt+1) ) + Ht (Rt+1) ]et. (16)

Population Composition in The Deterministic Model. We find that it is useful to ob-

serve, for the sake of the discussion that follows, the steady-state values for the masses

and for the distribution H(x). The deterministic steady-state population masses are:

u =
φλ G (R)

θ q (θ) (1− G (R) )(φ + λ G (R) ) + φλ G (R)
,

e =
φθ q (θ) (1− G (R) )

θ q (θ) (1− G (R) )(φ + λ G (R) ) + φλ G (R)
,

n =
λ G (R) θ q (θ) (1− G (R) )

θ q (θ) (1− G (R) )(φ + λ G (R) ) + φλ G (R)
.

For the distribution, one can use Eq. (13) to obtain that

H (x) =
[ u

eλ
θ q (θ) + 1

]
(G (x) − G (R) ),

and by substituting in the values for the steady-state masses we obtain

H (x) =
G (x) − G (R)

1− G (R)
. (17)

Viewed from the perspective of R as the cutoff level for the screening technology, this is

simply Bayes’ rule applied to G (x), i.e., the deterministic steady-state of H (x) consists
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of all the possible realizations of G (x) conditional upon them being passable ones. In

the stochastic case this stylized result slightly breaks down because we are dealing with

long-term expectations. As a result of the fact that there are several levels of R, one for

each aggregate state, leading to some discontinuities in the long-term expectations for the

distribution. However, the deterministic case is very much instructive for understanding

the relationship between R and H (x). The reservation level R(s) is the realized lower

bound of H (x) in state s, and it affects the density of productive realizations at each

value of x. The higher the value of R the more density is concentrated at each level of x

above R.

Aggregate Quantities. Aggregate output Y in our model is given by:

Y = p f (k)
[

e
∫ xmax

R
x d H (x) + nxmin

]
− Fp f (k) φn, (18)

where k, as before, denotes the level of capital chosen at the efficiency unit level, pf (k) is

then production per efficiency unit of labor and e
∫ xmax

R x d H (x) + xminn is the aggre-

gate amount of such units. The last term is the output-loss cost associated with the final

termination of employment relationship at the end of the notice period. The cost Fp f (k)

is paid for the outflow of terminated employees which is φn.10 Although we omit time

and state notations, this expression is true globally. Importantly, the level of output de-

pends not only upon the capital choice and the aggregate labor input used in production

L = e + n, but it depends upon the current composition of L, via the sizes of e and n, the

distribution H (x), and the adjustment cost parameter F. Economically speaking, output

in this economy depends upon the amount e and the quality H (x) of actively producing

matches, upon the amount of matches under termination notice n, their production value

10One can alternatively define these costs as associated with the inflow into notice, the results and inter-
pretation that follow remain unaltered in any significant way.
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and the cost of their termination.

It is more convenient to examine output using the following expression

Y = p f (k)
[

e
∫ xmax

R
x d H (x) + n(xmin − Fφ)

]
,

from which we can define the effective distribution of efficiency units in the economy as:

HE (x) =


e

n+e H (x) if R ≤ x ≤ xmax

n
n+e if x = xmin − Fφ

. (19)

This equation means that one can interpret the composition of aggregate labor L as

having an efficiency units distribution HE (x). This distribution has an atomistic mass

that depends on the number of workers under notice out of the aggregate labor n
n+e at

x = xmin − Fφ efficiency units which is lower than xmin as a result of the termination

costs leading to output loss.

Along the same line, one can define the aggregate effective capital as the sum of capital

over all effective producing efficiency units which is

KE = k
[

e
∫ xmax

R
x d H (x) + n(xmin − Fφ)

]
. (20)

Aggregate Production. With the previous notations at hand, let us finally examine the

aggregate production function in the economy. Let xE be the mean of the efficiency-unit

distribution HE (x), from Eq. (19) we obtain

xE =

[
e

n + e

∫ xmax

R
x d H (x) +

n
n + e

(xmin − Fφ)

]
. (21)
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We can use this to further simplify Eq. (20) as simply KE = kxEL, and Eq. (18) can be

reduced into Y = p f
(

KE
xEL

)
LxE or by utilizing the homogeneity of degree α

Y = pxE
1−αKE

αL1−α, (22)

this expression omits the time and state dependence of xE and of the factors for brevity

but holds globally.

2.3 Discussion of The Model and Its Implications for Aggregate Cycli-

cal Behavior

The model is a partial equilibrium model in which firms choose optimally capital and hire

labor in a heavily frictional environment. Some of these frictions are natural, and some

institutional. Search frictions are a natural feature of the labor market as there is an in-

herent need for time and information to search for labor. High quality of institutions and

infrastructure may alleviate some of the costs and challenges associated with the search

for labor, but the essential need for search is natural. Institutional frictions, however, are

those that arise directly from the institutional setup in place and can be altered by policy-

makers.

Firing restrictions are a particular instance of these institutional frictions. Termination

notice and red-tape costs associated with firing lead to reduced productivity and may

interact with the business cycle in a fashion that amplifies its effects. In what follows we

will illustrate these statements using our model.

Productivity in The Model. At first glance, Eq. (22) is the classical Cobb-Douglas pro-

duction function with the productivity process given by pxE
1−α. The parameter p is a

match-level exogenous productivity parameter. However, xE
1−α is endogenous, it arises
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from the model fundamentals, and can be interpreted in several ways. One interpretation

of xE
1−α is that of a labor-augmenting technology process. This expression is a part of the

productivity process that is linked to the labor input and arises directly from the quality

of the workers that compose L, the aggregate labor in our economy. However, this is not

a growth model, and if we consider the fact that this expression is time-dependent, we

would see that it has a stationary behavior that is given by model parameters. Thus, this

interpretation, though appealing, provides us with little insights.

What is xE? The value of x at the match level is proportional to the marginal product

of labor. The marginal product of one worker in the economy is xp f (k) , the match-level

output. Viewed through the lens of the seminal works of Restuccia and Rogerson (2008)

and Hsieh and Klenow (2009), one can interpret the dispersion of x as factor misalloca-

tion, i.e., dispersion in the marginal products of factors of production across firms and

establishments. Therefore, if one takes the growth accounting interpretation of Eq. (22) ,

one can obtain:

Ŷ = p̂︸︷︷︸
Technology

+ (1− α)x̂E︸ ︷︷ ︸
Labor misallocation

+ (1− α)L̂ + αK̂E︸ ︷︷ ︸
Factor quantities

, (23)

where Ŷ denote the log change from steady-state levels. This endogenous and time-

varying TFP as a result of misallocation is analogous to the aggregation result in Moll

(2014), but there the source of frictions is situated in the capital market and not the labor

market.

Under-Utilization vs. Misallocation. If one takes the simplistic Solow-residual ap-

proach to measuring TFP changes, one would find that its results would differ from our

TFP term pxE
1−α due to the difference between aggregate capital and aggregate effective

capital. This sensitivity to capital utilization is a known problem of such measurements
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that more sophisticated measurement techniques are trying to account for, e.g., Basu et al.

(2006). One could argue that there should be an adjustment in our model for underuti-

lization of labor that comes from the termination notice mechanism. Thus, one could

claim that our TFP expression is also not utilization adjusted and that the second term in

Eq. (23) should be further broken down into a labor under-utilization term and a labor

misallocation term. We argue that this is not the case and that the distinction arises from

a fundamental conceptual difference.

Under-utilization implies choice. The firm can make more use out of its factors of

production and chooses as an endogenous choice arising from internal costs or constraints

not to do so. The firm could have some option value from this under-utilized capital,

keeping the capacity for a future increase in utilization if the conditions merit such a

change in optimal behavior. Misallocation, however, is a deviation from the first-best

allocation that arises from market conditions. If a benevolent social planner could re-

allocate the worker from a state of notice to a state of employment, or from a state of

unemployment to a state of employment, the planner would do so to increase welfare.

However, the frictions prevent the market from achieving this result on its own. This

distinction is the reason we choose to interpret xE as a misallocation term.

Our aggregation result can prove useful for future research focused on comparing

productivity and growth across countries and sectors of the economy. Eq. (23) and Eq.

(21) can be combined in a decomposition exercises aimed at constructing TFP series for

international comparisons of productivity which take into account differences in the in-

stitutional setup across different countries and sectors.

Steady-State TFP. Let us begin by examining the simplified economy with no firing

restrictions at all. In that economy F = 0 and φ → ∞, thus we have simply L = e, and

n = 0. If we define the mean of H (x) as x =
∫ xmax

R x d H (x) , we have that xE = x or that
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xE is proportional to the average of the marginal products of labor. We call this limited

case the flexible economy, and our general case the restricted economy, comparing the

value of xE in the two cases yields that:

xE
restricted =

e
n + e

xrestricted +
n

n + e

(
xmin −

Fφ

p f (k)

)
< xflexible = xE

flexible .

If one supposes that x is the same for both cases, this is a trivial result as x > xmin.

The insight which strengthens this result is that xrestricted < xflexible , why is that? The

introducing firing restrictions to the economy does not change the production value of

a job, but, it changes the outside option. When separation is costly, the outside option

is worse and the match surplus increases for each level of x. Thus, firing restrictions

lower the reservation level which is the lowest admissible realization of x. This result,

the decrease of x is the key result of Lagos (2006),11 so we do not treat it formally in this

paper as our focus is on the cyclical element of misallocation. However, this merits a short

discussion of the relationship between the two models.

Our modeling approach owes much to Lagos’ work, and the main result in Lagos

(2006), the dependence of steady-state productivity and in the reservation level and the

institutions in place is preserved in our model, there are several key differences. First,

we view our model as a generalization of Lagos (2006) that allows for some additional

elements, namely endogenous capital choice at the job level, aggregate stochastic shocks

and, allowing for policies under which the surplus for the hiring and firing decisions is

not the same.12 Second, We consider slightly different policies, as Lagos does not allow

for termination notice, and our interpretation for layoff costs is that of output loss and not

11See Theorem 2 in Lagos (2006).
12This simplifying assumption in Lagos (2006) is not broadly discussed in the paper itself but is discussed

at some length in its appendix. The arguments that Lagos presents for why this limitation is not a major
one in the setup he considers is that he mainly thinks of layoff taxes and hiring subsidies for which this is
not necessarily problematic (see footnote no. 50 in Lagos (2006) appendix). In our institutional setup, this
argument no longer holds because of the existence of termination notice.
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that of taxes. This choice affects the aggregation results.

In Lagos’ model, the only way by which policies affect productivity is by changing the

reservation level. In our model this channel is present, but it is not the only one, and later

we will also show that this is not the quantitatively dominant one for cyclical implications.

Our firing restrictions lead to an output loss even given the same reservation level and

the notice mechanism causes a further decline in aggregate productivity. What about the

cyclical implications?

Implications For Cyclical Behavior. If we consider a recession as a decline in the ag-

gregate productivity parameter p, or as an increase in the price of capital ρ via the risk

premium ξ, the result is that a recession is a period during which the marginal product of

labor xp f (k) is reduced. As such, the match surplus for a given level of x decreases and

the reservation level would increase as a result. As this is the lowest level possible for a

producing realization, the economy with no firing restrictions would see an increase in x

as a result. Thus generating, a ’cleansing effect’ of the business cycle through an increase

in the quality of labor, that would manifest empirically as rising TFP. However, an in-

crease in the reservation leads to more separations, thus decreasing the proportion of the

actively producing pairs e
n+e and later inducing output loss at the time of final separation.

In the presence of firing restrictions, these can counteract the ’cleansing effect’ and even

potentially induce a ’sullying effect’, the extent of which will be explored in the quanti-

tative and the empirical parts of the paper. In Section 3, we will show that the ’sullying

effect’ arises and is the dominant effect when firing restrictions are present. 13

Several key insights from the model to bear in mind for the remainder of the analysis

are as follows. First, policies affect aggregate productivity in the model via three channels,

(i) by affecting the population composition, (ii) by affecting the reservation level, and (iii)

13See Barlevy (2002) for a review of these effects in the literature.
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by affecting the scope of output loss caused by separations. Second, as a result of these,

any cyclical adjustment in the model induces an effect on the cross-sectional distribution

of x and thus influences aggregate productivity.

3 The Effects of Firing Restrictions on Business Cycle Dy-

namics - A Quantitative Assessment.

In this section, we perform a quantitative exercise aimed at illustrating the potential ef-

fects of firing restrictions on business cycle dynamics. We calibrate the deterministic

steady state of the model from Section 2 to match France’s job flows and institutional

parameters. Our reason for choosing France is mainly one of data availability. Notably,

this calibration and simulation exercise should not be viewed as an attempt to capture

the complexity of France’s labor market and its institutions but rather to outline the cycli-

cal implications of the mechanisms that we have discussed in the previous section. Us-

ing the calibrated model and counter-factual institutional structures we demonstrate the

propagation of an exogenous shock in the simulated economy and explore the relative

importance of the different channels.

3.1 Calibration

Calibration Targets. The model is calibrated to match France’s quarterly job-finding

rate of 20% and separation hazard of 3.4% based on Hobijn and Sahin (2009) transformed

into quarterly frequency. As in Shimer (2005), the steady-state value of θ is normalized

to unity and σ, the matching efficiency parameter is calibrated to match the finding-rate.

Institutional calibration is based on Bentolila et al. (2012), that place the replacement rate

at 55%. Since our model features wage heterogeneity, z is calibrated to be 55% from the
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average wage in the model economy under a deterministic steady state. Similarly, also

following Bentolila et al. (2012), F, the firing costs are calibrated to 33% of the average

quarterly output of a job.14 These two hazards, two ratios and one normalization are our

calibration targets. We match them exactly by choosing the values of λ, σ, F, z and c.

Directly Calibrated Parameters. To complete the institutional setup we build on Bento-

lila et al. (2012) and calibrate φ = 0.75 which corresponds to four months. As in Bentolila

et al. (2012), the discount factor is set to r = 0.01, the bargaining power is β = 0.5,and

η = 0.5. We normalize the common productivity factor p to yield that p(f(k)− ρk) = 1,

and set the capital share at α = 0.33 so that f(k) = k0.33. We calibrate the depreciation rate

of capital to δ = 0.02, and the steady-state risk premium to ξ = 0. During the simulation

we will choose a mean zero process for ξ.

Calibration Strategy for G(x). The calibration of G(x) is of great importance for the

cyclical behavior of the model as it dictates the nature of the option value at each state for

every job. However, this calibration also presents us with a conceptual challenge. How

does one observe G(x)? The model structure imposes that only sufficiently high realiza-

tions are present in the data, i.e., we only can observe the realized distribution H(x) and

not the model primitive G(x). To add to this challenge, the only manifestation of H(x)

that can be empirically observed in the data is the earning distribution. In Appendix A.3,

we show that the wage is linearly dependent in x. Therefore one can relate the earning

distribution D (w) , to H(x) by applying a simple linear transformation whose values re-

late to the model parameters. This approach is very much data-intensive as one needs

to have the entire earning distribution and it does not solve the truncation problem. By

14The comparison between the setup in Bentolila et al. (2012) is somewhat challenging because they
normalize the maximum production value to unity and assume that a new job produces the maximum
amount possible. Thus, choosing the same ratio of 33% is somewhat conservative, as the average job in
Bentolila et al. (2012) produces less than unity and the ratio is somewhat higher.
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looking at the deterministic steady-state value of H(x) we can see that there is a range of

realizations and their densities both of which we would never be able to observe. Specif-

ically, how can one assume the structure of realizations that are possible in principle but

would never manifest in reality? The lowest possible realization of G(x) is unknown,

along with all the values and densities of x on the interval [ xmin, R ).

To overcome these conceptual challenges we take the following approach to calibrat-

ing G(x). First, in the absence of a better prior, we set xmin = 0 which seems natural and

is equivalent to the assumption that the worst worker possible is one which produces

nothing. Second, we follow Lagos (2006) by assuming that G(x) takes a type I Pareto

form with CDF:15

G (x) = 1−
(

ζ

x

)γ

. (24)

Why do we assume a Pareto distribution? First, and most importantly, this effectively

solves the truncation problem. If we truncate G (x) at R, by using the closed-form solution

for H(x) we showed in Eq. (17) we would obtain that:

H (x) =
G (x) − G (R)

1− G (R)
=

(
ζ
R

)γ
−
(

ζ
x

)γ

(
ζ
R

)γ = 1−
(

R
x

)γ

, (25)

which makes H (x) also into a type I Pareto, with R as a scale parameter and with the same

tail index γ. Second, and as a direct result of this, the wage distribution in the model will

be, as discussed before, a linear mapping of H (x), thus making the earnings distribution

implied by the model into a skewed distribution with a power-law in the right tail and a

tail index of γ. Not only is a skewed earnings distribution a realistic thing to consider but

15On a purely technical level, to reconcile the above two statements, namely xmin = 0 and a distribution
that has a minimal realization of ζ, we substitute x in all the equations in the computations to be x− ζ as to
yield a minimum level of xmin = 0 and a distribution that follows a type I Pareto.
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the entire distribution can be inferred from γ, the previously mentioned parameters and

the steady-state value of R.

The last piece of the puzzle is putting a number on γ. Since γ is the tail index of a type

I Pareto distribution, it bears a direct connection to the Gini coefficient of the earnings

distribution. A type I Pareto distribution has a Gini coefficient of Gini(H) = (2γ− 1)−1,

where γ is the tail index.16 Therefore, we target the Gini coefficient for the earnings dis-

tribution before transfers in France. The average Gini coefficient for the income distribu-

tion of the working-age population in France before taxes and transfers for 2012 - 2017 is

0.452.17 As a result of this, we have a tail index of γ = 1.61.

One problem that arises in this context is comparing the empirical distribution that

gave rise to the observed Gini coefficient, and the model distribution. The wage distribu-

tion in Appendix A.3 relates to the wage distribution of the actively producing realiza-

tions, while the Gini coefficient captures both producing realizations and workers under

termination notice. How do we reconcile the two? It turns out that this problem is a fairly

simple one and this is because of the Markov property for separations given in Lemma

2.1. Separations are independent of current realization of the wage so the wage distribu-

tion under notice Dn (w) is identical to the distribution among productive pairs De (w) .

The distribution of wages for workers under notice evolves according to

nt+1 Dn
t+1 (w) = Dn

t (w) nt−φnt Dn
t (w) +λ G (Rt) [De

t (w) − De
t (w (Rt) ) ]et + De

t (w (Rt) ) et,

where this is the exact law of motion for the mass n described in the previous section

16For a comprehensive treatment of inequality measures and generalized Pareto distributions see Arnold
(2008).

17The Gini data is taken from the OECD database at https://stats.oecd.org/. We choose these years
as to not mix income definitions withing the OECD’s database which changes the income definition after
2011. The value exhibits only small changes from year to year and the choice of time-frame will not change
the results in any meaningful way.
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but this time keeping track of the wage level from which entry and exit occur. In a de-

terministic steady state this equation reduces into Dn (w) = λ G(R)
φ

e
n De (w) , which after

substituting in the steady-state masses yields De (w) = Dn (w) = D (w).

The last two elements of G (x) that we have to consider are the values for ζ, and

the value for xmax. The parameter ζ is a scale parameter for x since all other calibrated

targets will be either flows and hazards or ratios of the average wage or production value,

we have some latitude with this parameter and so we normalize it to ζ = 1, all other

parameters will be calibrated to match that scale of the distribution. Note that we could

achieve all the calibration targets listed in the next paragraph with an altered scale. Last

is the value for xmax. The reason we need an upper support is for the simulation exercise

to apply integration by parts, so given the Pareto structure of Eq. (24) we simply choose

xmax such that G (xmax) = 0.999.

The Calibration Procedure. As described above, we directly calibrate φ, η, β, p, δ, r, α, γ, ζ, xmin,,

and xmax. We use the aforementioned parameter values along with Eq. (5), (7) , (11), and

(12) while substituting in the definition of Mh (x) from Eq. (8). Since we are calibrating

the deterministic steady state, τ = 0, and the match surplus is a linear function of x. Thus,

we use integration by parts and instead of Eq. (7), we use the following two equations:

(r + λ)(M (xmax) + Mn) =

xmaxp( f (k) − ρk) + λ

[
Mn + M (xmax) −

∂ M (x)
∂x

∫ xmax

R
G (y) d y

]
, (26)

M (xmax) + (R− xmax)
∂ M (x)

∂x
= 0, (27)

where the last equation follows from the definition of the reservation level as the zero

of the match surplus and from the linearity of the deterministic case. The same form of
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integration by parts is used for the integral expressions in Eq. (11), and (12) as

∫ xmax

R
Mh (y) dG (y) = M (xmax) + (Mn −U)(1− G (R) )− ∂ M (x)

∂x

∫ xmax

R
G (y) d y .

Thus, the model solution is given by a system of five equations in the five unknowns

R, θ, M, Mn and U.

This solution gives us values for the rest of the parameter values. The calibration is

given in full in column 1 of Table 1. A surprisingly good result of the model is wage

dispersion which is a non-targeted moment. To target wage dispersion, our calibration of

G(x) is insufficient as the other parameters, namely β, p, α, δ, λ, F, and r will affect directly

the slope and the intercept of the linear mapping from G(x) into the wage distribution.

If the intercept will be too large relative to the slope, variation in x one would obtain too

little wage dispersion, too small and one would obtain too much. Moreover, indirectly,

all other parameters will influence this as the intercept of this map is a function of the

steady-state value of R.

According to Eurostat data on earnings for full-time workers in France for 2014, the

earnings between the 90th and 10th percentiles 2.85.18 Our calibrated model delivers a

corresponding ratio of 2.70. This number is exceptionally good for this type of model,

especially given the critique of wage dispersion in this class of models by Hornstein et al.

(2011). We attribute the high wage dispersion in the model to the relatively rich model-

ing of labor market rigidities. In so doing, our calibration strategy delivers a technical

improvement to the quantitative characteristics of this class of search models which we

view as a technical contribution to this literature. However, as we will demonstrate later,

this result is sensitive to the choice of the other parameters.

18This number is based on data retrieved from Eurostat at https://ec.europa.eu/eurostat/web/

labour-market/earnings/database, for France regarding the 10th, and 90th percentiles of the monthly
earnings distribution for full-time workers.
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3.2 Simulation

In this section we will introduce aggregate uncertainty to the model via an increase in

the risk premium ξ and explore quantitatively the effects of firing restrictions on the dy-

namics of the business cycle. We introduce a simple stochastic process with two states as

follows:

ξ =

 −0.1r

+0.1r

, Π =

 0.95 0.05

0.05 0.95

, τ = 1. (28)

This process can be described as the economy having two possible aggregate states. A

good state in which households are willing to rent capital more cheaply at a rate of 0.9r +

δ, and a bad state in which households require a larger premium on forgoing current

consumption and rent capital at a rate of 1.1r + δ. The reason we use a persistent shock is

that the model, like other models of this kind, lacks internal propagation as the controls

R and θ will respond immediately to a change in the aggregate state.

To isolate the role of each component of our policy set, we simulate four sets of impulse

responses. All of these illustrate the convergence of the model economy from being in

a bad state, state 2, to the economy’s long-term expectations. The first set of impulse

responses is for the baseline calibration we described above and is given in column 1

of Table 1. The last three are counter-factual calibrations having only firing costs, only

termination notice or no firing restrictions at all. To eliminate the firing costs we set F =

0, and to eliminate the notice we calibrate φ to correspond to an average duration, 1
φ

of one working day per quarter which for France is φ = 251/4. These counter-factual

calibrations are given in columns 2, 3, and 4 of Table 1.19

19Working with these high hazard rates necessitates simulating using very short periods. Thus, we resort
to using as a unit of time in these simulations periods that correspond to 0.01 of a working quarter, i.e., for
62.75 working days a quarter and 8 working hours per working day, a period of about 5 hours.
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Numerically speaking, given the significant non-linearity of the model, we exploit the

property of piece-wise linearity of the value function M(x, s) for each state s and use

integration by parts at each linear segment of the function. Thus, as the calibration was

done using a system of five equations, the stochastic case consists of a system of five

equations per aggregate state.

The Significance of Firing Restrictions for Business Cycle Dynamics. The impulse re-

sponses to a temporary increase in ξ for our baseline calibration and the three counter-

factual ones described in Table 1 are presented in Figure 1. Our baseline calibration is

presented in black, the counter-factual case with only termination notice in blue, the one

with only firing costs in red, and the one without firing restrictions at all in green. An

increase in the risk premium generates a business cycle in this economy as it generates an

increase in capital cost and reduces firm profitability. The impulse responses suggest that,

regardless of the calibration used, the shock results in a drop in output and employment

and a rise in unemployment as we would expect in a business cycle. This cycle is charac-

terized by firms becoming increasingly selective in their hiring practices, i.e., R increases,

and hiring intensity declines as the market becomes less tight, i.e., θ declines.

As discussed in the Section 2, this business cycle triggers the three channels of in-

fluence for the amount of misallocation that determines TFP in the economy. As firms

become more selective, reservation levels increase which should increase x and lead to a

TFP increase. Observe the green line to see only this channel at play. Since H is a skewed

distribution, its mean value is relatively unaffected by the small change at the left side of

the support, and the increase in TFP is barely noticeable. If one were to add firing costs

to the mix, the red line, output declines more over the cycle but productivity is nearly

unaffected. The big effect takes place once one introduces termination notice. Termina-

tion notice causes TFP to decline visibly over the cycle, as is seen by the drop in TFP for
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the blue line. Once the two channels are working in tandem, and termination notice is

combined with firing costs, one sees an amplification of this effect.

Shimer’s Puzzle in Our Model. There are two immediate criticisms of this simulation.

First, is that the shock we introduced is a rather strong one, with an output decline of over

1.5% but the labor market effects are rather small other than for our baseline. The rise in

unemployment is barely perceptible other than for our baseline and even there it is not a

very strong one, and the same goes for the employment drop. Second, is that our main

channel of interest, the misallocation-related TFP decline is of modest magnitude. A TFP

decline of 0.139% is significant but it is not overwhelming.

The answer to these two critiques is that the one creates the other. It is a known the-

oretical phenomenon that the simple search and matching models do not generate suf-

ficient amplification from shocks affecting real activity, such as a simple TFP shock, to

the labor market. This phenomenon is known as Shimer’s puzzle (Shimer, 2005). The

TFP shock that Shimer considers, a decline in p, in a search and matching model without

capital where the production value of a job is p, is isomorphic to our shock that reduces

k where the production value of a job is pxf(k). Thus, our model suffers also from in-

sufficient amplification for the calibration shown here. In what follows we will demon-

strate that it is precisely this lack of amplification that reduces the size of the TFP decline.

And that given that one can generate sufficient amplification from the model this channel

grows in its relative importance.

The literature on Shimer’s puzzle is vast and suggests several ways of coping with

such a limitation. One approach is including wage rigidities, e.g., the search and match-

ing framework developed in Hall and Milgrom (2008) and employed in Hall (2017). How-

ever, modeling endogenous separation choice and labor market rigidities in the Hall and

Milgrom (2008) framework is beyond the scope of this paper. Another possible solution
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lays in the calibration, as pointed out in Hagedorn and Manovskii (2008), if one calibrates

the bargaining power of the employee β to a lower value and increases z, then one would

obtain stronger amplification. Under the standard Shimer-style calibration z is the re-

placement rate, while in an HM style calibration z is considered as the entire value of not

working, which includes home production, unemployment insurance, and leisure. The

argument in Hagedorn and Manovskii (2008) is that in a richer model, the worker should

be nearly indifferent between employment and unemployment given that employment

is a choice. The reason that such a calibration manages to create more amplification is

that Hagedorn and Manovskii (2008) target the elasticity of wage with respect to pro-

ductivity. This calibration, as pointed out by Ljungqvist and Sargent (2017), lowers the

fundamental surplus in this economy, i.e., the resources available for vacancy creation by

the market, which facilitates stronger amplification. Our baseline calibration does better

than an economy without firing restrictions in terms of amplification as these lower the

fundamental surplus in the economy. To see that this is so, mark the difference in labor

market response between the black line and the green line in Figure 1.

Since the Hagedorn and Manovskii (2008), henceforth HM, calibration strategy relies

on wage elasticity, and our model features wage heterogeneity, we do not implement fully

the HM calibration strategy. To the best of our knowledge, there had not been a modifica-

tion of Hagedorn and Manovskii (2008) to endogenous separation search and matching

models and developing one is beyond the scope of this paper. Instead of following the

HM calibration strategy to the letter, we use their value for β = 0.052, the matching func-

tion q(θ) = 1

(1+θηHM )
1

ηHM
, and an average replacement rate of 95.5%, that corresponds to

the value of z chosen in Hagedorn and Manovskii (2008).20 Using these, we re-calibrate

20In the Hagedorn and Manovskii (2008) paper the replacement rate is slightly higher since the produc-
tion value p = 1 and z = 0.955. To make job creation profitable the wage w, must be such that w < p so the
replacement rate would be slightly higher. For the deterministic case in Hagedorn and Manovskii (2008),
one can compute the wage as w = 0.9765, which gives a 97.8% replacement rate. This difference is not
sizable.
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the model using the same targets as before but with the new replacement rate and con-

duct the simulation exercise again along with the same counter-factual firing restrictions

as before. We deviate from the HM calibration strategy by normalizing θ to unity in the

steady state. This calibration is summarized in column 1 of Table 2 and the simulation

results from this exercise are presented in Figure 2.

The HM-style calibration delivers qualitatively the same results. Namely, in response

to the shock output declines, unemployment rises, and employment falls. Although the

output decline is not much stronger, the case with France’s level of firing restriction ex-

hibits this time a maximal decline in TFP of about 0.208%, which is about 50% stronger

than the corresponding number from Figure 1. However, even larger values are quite

plausible. Given that during the financial crisis, unemployment rose by significantly more

than the 6% implied by the simulation. In France, unemployment rose from 7.16% in the

first quarter of 2008 to 8.6% in the first quarter of 2009, which is a 20% increase. The

numbers are not exquisitely large since for other countries for the same period the cor-

responding figures are 65% for the United States, 37% the United Kingdom, and 80% in

Spain. This means that, in reality, there is considerably more labor re-allocation taking

place in recessions than our simulation generates. However, our model can be very use-

ful in understanding how such cyclical phenomena translate into a labor-misallocation-

induced TFP decline.

Relating to the previous discussion of wage dispersion, this calibration, although con-

taining the same Pareto form and same tail index γ is very poor in terms of wage disper-

sion. The ratio between the 90th and 10th percentiles is just about 1.1 which is not a very

realistic fit. This is mainly because the slope of the linear mapping from x onto the wage

is linearly dependent of β which is nearly ten times smaller in the HM-style calibration

relative to our baseline.
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From an Aggregate Shock to Labor Misallocation. What drives the cyclical decline in

TFP in the model, and what determines its size? Recall that TFP in the model is given by

TFP = p︸︷︷︸
Technology

[
e

n + e
x +

n
n + e

(xmin − Fφ)

]1−α

︸ ︷︷ ︸
labor misallocation

. (29)

This expression holds at every point in time with x, n, e changing over time. Denote

the labor misallocation term by T, and for the sake of analytical convenience substitute

F = lx.21 For the sake of notation clarity, time dependent values such as x(t) denote

values outside of steady state and objects without time dependence, such as x, denote

steady state values. If we log-linearize T around its steady-state

T =

[(
e

n + e
+

n
n + e

(xmin − lφ)
)

x
]1−α

,

we obtain that

ˆT (t) = (1− α)
ne

(n + e)
1− (xmin − lφ)
e + n(xmin − lφ)

(ê(t)− n̂(t)) + (1− α)x̂(t), (30)

where T̂ denotes percent deviation in T with respect to its steady-state value. To bring this

equation to a more intuitive level, one can recall the laws of motion for the masses, and

note that in steady-state n = λ G(R)
φ e = τr

φ e, where τr is the termination rate. This is not

to be confused with the separation rate. The termination rate is the rate at which workers

transition from being in the state of active employment into termination notice, while the

separation rate is the rate of at which workers transition from being employed observably

(regardless of notice status) into unemployment or φ n
n+e . This notation transforms the

21This is an innocuous transformation, the reason behind it is that the firing costs are calibrated to be
a ratio of the average production value of a job that is pxf(k). Thus, one can substitute the firing costs of
Fpf(k) with lxf(k).
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above equation into

T̂(t) = ψ(ê(t)− n̂(t)) + (1− α)x̂(t), (31)

with ψ = (1− α)
φτr

τr+φ

[
(1−xmin+lφ)

φ+τr(xmin−lφ)

]
.

Economically speaking, the labor-misallocation-induced TFP decline we are interested

in is linearly proportional to the decline in employment and the increase in termination

notices. Under our baseline calibration, the value of ψ, the parameter that dictates the

change in the misallocation term of TFP, is about ψ = 0.0383 for both calibrations. How-

ever, since the steady-state mass of workers under notice (n) is small, a fractional change

in its value is a large change in n̂(t), and this will be the dominant effect. To illustrate the

potential strength of this effect, suppose that the termination rate goes up by 10%. This

may be a very small change in employment since we are considering a change in the flow

out of active employment which may be quite slow, but it would translate to a 0.383%

productivity decline, which is a sizable figure.

In Figure 3, we present an illustrative sensitivity analysis of ψ. Each panel in Figure 3

presents the values of ψ given our baseline calibration while changing only two parameter

values. Hazard rates are again in quarterly frequencies. Although we do not explore

each possible combination of parameter values, the main take away is that the following

aspects can amplify the TFP decline in our economy: An increase in the labor share 1− α;

an increase in the frequency of labor turnover τr, i.e., a decrease in average job duration;

an increase in the length of the notice period 1
φ ; and an increase in the cost of separation l.

To conclude, this quantitative exercise illustrates the potential of firing restrictions to

act as an amplifier of macroeconomic shocks. The presence of strict firing restrictions in

the baseline calibration leads to more misallocation of labor in response to a shock. As

a result, TFP declines more severely and persistently due to increasing amounts of labor

misallocation over the cycle. Our simulations suggest that the strength of the effect on
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TFP depends upon the magnitude of the employment decline and the increase in the

number of workers under notice which, being a percentage change of a relatively small

number, can be quite large. With these implications in mind, we now turn our attention

to the empirical analysis of EPL. Our empirical analysis will examine the effect of EPL,

which will examine the transmission of global credit supply shocks into real activity and

the labor market.

4 Data

4.1 Measurement of Firing Restrictions

EPL is measured as a ’hierarchy of hierarchies’, meaning it is the aggregate of several

scales which rank the strictness of legislation (e.g., from 0 to 6 as in the OECD’s indices),

where these scales are aggregated according to predetermined weights.22

EPL is a broad institution and the OECD’s database of EPL includes several indices

measuring it which differ in terms of their coverage and of their implications:23 regular

employment protection, protection from collective dismissals, and protection of tempo-

rary workers. These indices, though grouped under the label of employment protection,

relate to different segments of the labor-force, i.e., regular workers and temporary work-

ers and apply to different circumstances. Thus, these legislative measures affect the dy-

namics of labor turn-over through different channels.

The first noteworthy difference is that between the protection of regular and tempo-

rary workers. Protection of regular employees includes the definition of wrongful termi-

nation, the procedure of terminating an individual employee, severance pay and notice

22A critique of this measurement method and its limitations can be found in Myant and Brandhuber
(2016).

23A more comprehensive discussion of EPL measurements, coverage, and definitions can be found in
Boeri and van Ours (2013).

42



due, and the legal recourse available to a wrongfully terminated worker. However, pro-

tection for temporary workers includes just cause of hiring under a temporary contract,

the verities of jobs a person thus contracted may perform, when can temporary work

agencies be used, and the number of successive temporary contracts per worker. In other

words, the protection of regular workers is a firing restriction, while the protection of

temporary ones is a hiring restriction. Although the two are quite different, limitation on

each form of employment makes the other form relatively more attractive for employers,

so the interaction between the two forms of protection had received substantial focus in

the literature and policy debate in recent years. 24

The second is protection from collective or individual dismissals. The protection of

regular employees relates to the case of individual termination. In the case of collective

termination of workers due to rescaling, reorganization, or other changes in the firm-level

other protection measures govern such a procedure.25

Since our main interest in this paper is the effects of firing restrictions, we use the index

’Strictness of employment protection - individual dismissals (regular contracts)’ (EPR V1)

as our measure of firing restrictions.26,27 For brevity’s, for the remainder of this paper, the

term EPL refers only to this form of protection. When we refer to other employment

protection policies those policies are explicitly named.

24See Boeri and Garibaldi (2007), Cahuc et al. (2016) for a thorough discussion on the substitutability
of the two employment forms, and Bentolila et al. (2012) for a case study of these two protection forms in
Spain and France and an overview of the policy debate on the subject. For works dealing with the cyclical
effects of protection of temporary measures see, among others, Bentolila and Saint-Paul (1992), Nunziata
and Staffolani (2007), and Cahuc et al. (2016)).

25Examples of such legislative measures can be found in EUR-Lex Directive 98/59. (2016).
26See Table 3 for the break-down of the index to its components and the data that composes each.
27Data for this EPL index is also available annually for 1960-2004 in a database created by Nickell (2006).

However, the index displayed there for the years 1960 to 1985 is a backward extension of the OECD’s index
created by assuming that its rate of change over time is the same as the change in another index which
uses data taken from Blanchard and Wolfers (2000) and from Lazear (1990). From 1985 onward the index
provided by Nickell (2006) is the same as the OECD’s index. Since the OECD’s index is available for twenty-
eight consecutive years for most of our sample, we chose, for the sake of consistency, to rely on the OECD’s
index instead of utilizing a mixed measurement methodology.
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Although our focus is on the protection of regular employees from individual dis-

missals, other forms of employment protection and other labor market institutions are

present alongside our main institution of interest. Taking this into consideration, we use

data on other forms of employment protection and labor market institutions in our ro-

bustness analysis in Online Appendix B to assure that our results are not confounded by

other institutional factors.

EPL indices are composed of several scores which are ordered variables. The final

index can take non-integer values, as can the individual components, but that does not

change the fact that the components themselves are a ranking system of ordinal variables.

This point stresses the importance of using an identification strategy that allows for vari-

ation in an ordered variable and not in a continuous one. We choose to use dummy vari-

ables to identify policy regimes rather than take the index’s levels. This order-preserving

identification approach avoids manipulations to the ranking scale that can result from us-

ing continuous interactions with the index. Specifically, one could conceive of an order-

preserving non-linear transformation of the EPL components which would reflect the

same order of ranking but would change the results of a continuous-interaction-based re-

gression analysis. Nevertheless, the conventional treatment of the EPL index has largely

been as if it were a continuous variable. Noteworthy examples of this can be found in

Blanchard and Wolfers (2000), Messina and Vallanti (2007), Nunziata (2003), and Duval

and Vogel (2008). The only methodological exceptions to this, to the best of our knowl-

edge, are studies which consider only the cardinal elements of EPL such as months of

notice and months of payment offered as severance pay and ignore the regulatory envi-

ronment as in Lazear (1990), or studies that focus on correlations and utilize Spearman

correlation coefficient as in Gnocchi et al. (2015).
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4.2 Outcome Measures

In order to examine the implications of EPL for macroeconomic resilience, we have cre-

ated a panel containing the following variables:28 Key labor market variables: unem-

ployment, employment to population ratio, and labor force participation rates; National

accounts data (all in real terms): output,29 consumption, investment, government expen-

diture, imports, and exports; TFP; capacity utilization; total hours worked; hours worked

per worker; our shock variable, EBP, which will be discussed shortly; and our state vari-

able, the EPL index. We use data from 21 OECD economies for the period between 1985 to

2013.30 Our choice of sample, both along the country dimension and the time dimension,

arises from the availability of the EPL index.31

Our dependent variables are taken from the OECD’s database.32 All dependent vari-

ables are taken as log cumulative changes on the LHS of the regressions and as log-first-

differences when controlled for in lags on the RHS of the regressions. We use the depen-

dent variables in log cumulative changes to properly compare movements in a variable

between different countries with different steady-state levels.

28For further details and information on the data used in this paper see Online Appendix C.
29We use output and not output per-capita for two reasons: First, to be consistent with the other national

accounts data that are available only without such normalizations; and second, due to data availability, for
output, we have 2,068 quarterly observations while for output per-capita only 1,774 such observations are
available for the same countries and time-frame. In Online Appendix B we show that our results are robust
to using this choice of measure.

30We use monthly data for unemployment and quarterly data for the rest of our variables of interest; all
data are seasonally adjusted except EPL which is available only in annual frequency and assumed identical
within each year.

31In the UK the OECD’s EPL index is available for 2014 and therefore we use data from this year as well
for the UK.

32All OECD data were retrieved from http://stats.oecd.org/; for exact details see Online Appendix
C.
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4.3 Shock Variable

As the shock variable in the analysis that follows we will use the Excess Bond Premium

(EBP) measure from Gilchrist and Zakrajšek (2012), who use micro-level data to con-

struct a credit spread index which they decomposed into a component that captures firm-

specific information on expected defaults and a residual component that they termed as

the excess bond premium. To the best of our knowledge, there is no financial shock vari-

able which was calculated specifically for every one of the economies we use in our anal-

ysis. That said, the increasingly global nature of the world economy means that EBP can

be interpreted as a global shock variable whose effects on the economies in our sample

can potentially vary as a function of the EPL regime in place.

5 Methodology

We follow the class of specifications that use the local projection method from Jorda (2005)

to estimate impulse response functions and adapt it to a state-dependent setting as the

one employed in Auerbach and Gorodnichenko (2012), Owyang et al. (2013), Ramey and

Zubairy (2017), and Tenreyro and Thwaites (2016). The major advantage of this identifi-

cation method is that it allows for state-dependent non-linear effects in a straightforward

manner while involving estimation by simple regression techniques. Moreover, it is more

robust to misspecification than a non-linear VAR. Additionally, it can be used to analyze

data of differing measurement frequencies as one is not required to estimate the system

in a joint fashion.

Definition of EPL States. In defining the state of EPL we wish to group observations in

a way that allows for sufficient differentiation to be made between the groups and in a

manner that can describe broadly the policy regime in place; too many groups will limit
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sample sizes severely, while too few will not enable differentiation. To allow for sufficient

differentiation, we use the following groups: first, the lower quartile of EPL distribution

as a measure of a lax EPL state; second, the upper quartile of EPL distribution as a mea-

sure of a strict EPL state; and third, the rest of the observations (i.e., the interquartile range

of the EPL distribution) as the measure of intermediate EPL. This kind of grouping allows

us to identify differential effects across strict, intermediate, and lax EPL, where our inter-

est lies mainly in looking at the difference between strict and lax EPL given that this gap

reasonably captures a sufficiently large differentiation between EPL regimes for picking

up any true effects in the data. While these policy regime dummies are time-varying, it is

important to notice that the EPL index exhibits very small temporal variation, as opposed

to relatively large cross-sectional variance, resulting in relative stability of policy regimes

over long horizons.33

Econometric Specification. As in Auerbach and Gorodnichenko (2012), we make use

of the Jorda (2005) local projections method within a fixed-effects panel model, where

inference is based on Driscoll and Kraay (1998) standard errors that allow arbitrary corre-

lations of the error term across countries and time. In particular, we estimate impulse re-

sponses to the credit supply shock by projecting a variable of interest on its own lags and

contemporaneous and lagged values of the EBP variable from Gilchrist and Zakrajšek

(2012), while allowing the estimates to vary according to the EPL state in a particular

country and time.

The following equation demonstrates the class of state-dependent models that we es-

33The relatively low temporal variance of EPL and labor market institutions in also noted in Lazear
(1990) and Gnocchi et al. (2015).
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timate using y as an example of a dependent variable:34

ln yi,t+h − ln yi,t−1 = Ai,t−4[α
h
A,i + βh

AEBPt + Θh
A(L)EBPt−1 + Γh

A(L)∆ ln yi,t−1]

+Bi,t−4[α
h
B,i + βh

BEBPt + Θh
B(L)EBPt−1 + Γh

B(L)∆ ln yi,t−1]

+Ci,t−4[α
h
C,i + βh

CEBPt + Θh
C(L)EBPt−1 + Γh

C(L)∆ ln yi,t−1] + εh
i,t+h,

(32)

where i and t index countries and time; αi is the country fixed effect; Θ(L) and Γ(L) are

lag polynomials; βh gives the response of the outcome variable at horizon h to a credit

supply shock at time t; εh
i,t+h is the residual; and, importantly, all the coefficients vary

according to the state of EPL which is represented by the state dummies Ai,t−4, Bi,t−4, and

Ci,t−4 that take the value of one when the EPL regime is lax, intermediate, or strict as we

defined above. The estimated impulse responses to the credit supply shock for the three

states at horizon h are simply βh
A, βh

B, and βh
C, respectively.

Lags of y and EBP are included in the regression to remove any predictable move-

ments in EBP; this facilitates the identification of an unanticipated shock to EBP, which is

what is sought after. We assign the value of the order of lag polynomials Θ(L) and Γ(L)

to 8, i.e., we allow for 8 lags of the log-first-difference of the outcome variable and EBP in

the regression. We assume a relatively large number of lags because of the construction

of the EPL variable. Since the latter was converted from annual to quarterly frequency

by assuming identical values within the year, it is necessary to include it in the regression

with four lags to avoid correlation of the error term with it; this in turn requires that more

than 4 lags of output and EBP be included in the regression to purge the state dummies

of any potentially endogenous sources.35

34In order to correctly adopt a state-dependent model for panel data, we must refer to a form of nor-
malized changes in variables for these changes to be commensurable between countries. To accomplish
such normalization, we simply use a dependent variable of the form ln yi,t+h − ln yi,t−1 which represents
the log-cumulative-difference in our variable of interest from the pre-shock horizon until horizon h.

35When using other data frequencies, we use two years of lagged values, following the same argument.
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The EBP credit supply shock is normalized so that it has a zero mean and unit vari-

ance. Note that a separate regression is estimated for each horizon. We estimate a total of

21 regressions for our quarterly frequency specification and collect the impulse responses

from each estimated regression, allowing for an examination of the state-dependent ef-

fects of credit supply shocks for 5 years following the shock.

Our form of state-dependence is slightly different from the conventional one (see, e.g.,

Ramey and Zubairy (2017)) which usually uses a binary state variable. Our identification

utilizes an ordered ranking system by breaking down the raw EPL measure into 3 differ-

ent ordered EPL regimes. If EPL’s strictness indeed causes a change in the response of a

certain variable then we would expect to see that its responses to the shock across EPL

regimes will maintain an ordered pattern, i.e., βh
A > βh

B > βh
C or βAh < βh

B < βh
C. Note

that our identification does not assume anything that would guarantee such an ordering

unless it is present in the data, unlike the results that would have been obtained from

a continuous interaction exercise. In Online Appendix B we conduct an analysis of the

results’ robustness to the choice of cutoff values for the policy regime dummies to ensure

that our results are not driven by our baseline cutoff value choices.

6 Empirical Analysis

In this section, we perform an empirical analysis of EPL’s implications for economic re-

silience, utilizing the aforementioned identification method. Section 6.1 presents our re-

sults regarding the shock’s effects focusing on the differential response patterns which are

conditional upon the EPL regime in place. The subsequent Section 6.2 presents a more in-

depth examination of the causes behind the differential response patterns and their link

to the labor-misallocation channel discussed in Section 3.
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6.1 EPL’s Implications for Business Cycle Dynamics

We estimate the state-dependent specification described in Equation (32) for output, con-

sumption, investment, government expenditure, imports, exports, the real wage, the

stock of vacancies, employment to population ratio, labor-force participation, and unem-

ployment. The estimation results are presented in Figures 4 and 5, where the responses

of economies under a strict EPL regime are shown in blue, for those under a lax regime

in red, and those in the intermediate regime in black.

Regardless of the EPL state, the credit supply shock causes the expected dynamics, i.e.,

an increase in unemployment and a decrease in real activity measures (most importantly,

a decrease in real output, consumption and investment). Our interest lies in the differ-

ences of responses across the policy regimes, whose statistical significance is indicated by

the shaded areas in Figures 4 and 5.

Labor Market Outcomes. The first form of differential response to arise between the

policy regimes is in the labor market and it is presented in Figure 4. Being in a lax EPL

state produces an immediate increase in unemployment and a decrease in employment

while being in a strict EPL state generates no significant change in unemployment until a

year after the shock and no statistically significant decrease in employment at all horizons.

This is in line with the slower turnover suggested by the model simulation from Section

3. This pattern also agrees with the notion that job-destruction is less counter-cyclical

under a strict EPL regime, thus making overall employment less responsive.36 Notably,

the labor market in the lax EPL state manages to recover back to steady state significantly

faster than in the strict EPL state, with the unemployment rate and vacancies responses

during the later phase of the cycle being significantly higher and lower, respectively, in

the strict EPL state relative to the lax one.

36See Bentolila and Bertola (1990), Garibaldi (1998), and Nunziata (2003).
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A difference observed across EPL states from which we abstract in our theoretical

analysis is that labor-force participation is adversely affected by the shock in the lax EPL

state while being in the strict EPL state produces no such effect. The effect on partici-

pation could be interpreted from a structural standpoint as being driven by the relatively

higher value of the job-seeker from a future match with an employer, anticipating a longer

employment duration which lowers discouragement from costly search activities.

National Accounts. The second form of differential response is the response of real ac-

tivity measures presented in Figure 5. One year after the shock, we begin to see that real

output starts to decline more in the strict EPL state than in the lax EPL state. This gap

in output is steadily widening, starting to be significantly different from zero from the

7th quarter onwards and translating to a relative cumulative output loss of 0.75% after 2

years, 1.31% after three years, 2.18% after four years, and a peak 2.40% after five years.37

In Online Appendix B, we show that this response pattern is robust to cutoff values’ se-

lection, lag order selection, and alternative sample and output measure choices.

Other measures of real activity do not exhibit any statistically significant differential

response pattern until at least two years after the shock. Consumption starts to decline in

a significantly differential fashion from the 9th quarter onwards. For investment, a signif-

icant differential decline occurs from the 11th quarter onwards. Imports fall differentially

from the 10th quarter onwards quarters whereas exports begin to decline differentially af-

ter 5 quarters, but only until the 7th quarter and then again after 12 quarters up to the 15th

quarter (and at somewhat lower confidence levels relative to the other variables, with p-

values always exceeding 5%). These differential responses all occur in the same direction

as that of output’s response, i.e., being in a strict EPL state generates a stronger decline

37We present all our results for a five-year horizon. However, to test that this effect does not grow
further in magnitude, we estimated the corresponding difference after six years to be 1.55% using the same
methods explained above.
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in all these real activity measures relative to being in the lax EPL state. It is notewor-

thy that these differential responses all occur in the absence of any persistent significant

changes in the real wage in all EPL regimes with similarly weak responses of government

expenditures.

Linking the results from Figure 5 to those from Figure 4, it is important to observe

that the initially stronger decline in employment from the latter figure occurs under the

lax policy regime while the following stronger drop in output occurs under the strict

one, with no differential response in employment taking place after the first two years.

Moreover, the differential response of investment would not be able to account for any

significant diminution in the capital stock available for production until at least three

years after the shock (i.e., the decline in output precedes the drop in capital stock and not

vice versa), and even then the differences are not strong enough to explain the differential

output response by themselves.38 In other words, the difference in output response across

the policy regimes is too strong to be explained solely by changes in factor inputs at any

point in time, giving rise to what at first pass seems like a contradiction.

However, viewing the results from Figures 5 and 4 through the lens of our model

points towards the likely presence of labor-misallocation-induced TFP decline in the strict

policy regime. If we recall Eq. (23), the change in output in our model consisted of

four elements: pure technology, capital, labor, and labor misallocation. As argued before,

especially for the first few years after the shock, aggregate capital stock is cannot account

for any differential effect across the policy regimes. Pure aggregate technological level is

unlikely to be affected differentially as a result of a common shock. We are left, therefore,

with aggregate labor and labor-misallocation. For the first year and a half after the shock,

38To illustrate, if we were to assume a 10% annual depreciation rate of the capital stock, and use the exact
cumulative changes in investment from Figure 5, assuming that both EPL groups begin from the same level
of steady-state capital stock, the differences between the capital stock in the strict and lax policy regimes
will be less than 0.1% for the first three years of the cycle, 0.54% for the fourth year and 1.07% for the fifth
one.
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employment decline significantly more in the lax regime than in the strict one. As such,

one would expect that output would decline by more in the lax group. However, the

responses of output are remarkably close to one another. As such, there should be another

force that pushes output down from the onset of the cycle. In the next section, we would

argue that this force consists of, at least partially, from the labor misallocation channel

we have discussed in the previous sections that would drive TFP down in the strict EPL

economies.

6.2 The Differential Output Drop.

To analyze the differential output drop and understand its causes we proceed by asking

the following questions: First, are we accurately accounting for the labor input actually

used in production? And second, is TFP indeed responding in a fashion that could ex-

plain the differential responses in output across EPL states?

To account for better measurement of labor input, we use data on actual hours worked.

Notwithstanding the lower, annual frequency of this series, using it has the potential of

better measuring true variation in input quantity than using the number of employed per-

sons. Next, if we consider a generalized production function then the real output will be

determined by raw inputs’ quantities, the degree to which they are utilized, and the level

of TFP. With these two considerations in mind, we estimate the impulse responses of total

hours worked and TFP, at an annual frequency, as well as those of capacity utilization

at a quarterly frequency, again conditioning on the initial regime of EPL in place using

the same identification as before.39 Capacity utilization has the potential to confound

our conclusions regarding TFP since our measure of TFP in not utilization-adjusted. It

is therefore important to also look at the behavior of utilization as jointly examining un-

39Detailed description of the data series used can be found in Online Appendix C.
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adjusted TFP and utilization can paint a much clearer picture regarding the behavior of

utilization-adjusted TFP that includes misallocation and technology level.

The results of this exercise are shown in Figure 6. There is a significantly smaller initial

decline in hours worked in the lax EPL state which reverses in a significant way in the

fourth and fifth years after the shock, with hours worked returning significantly faster to

steady state during these years in the lax EPL state. This response pattern is in line with

our previous measure of labor input and supports the conclusion that employment as an

input in production responds less when EPL is strict.

TFP declines in the strict EPL state while under a lax regime TFP is not affected by

the shock in a statistically significant way. This difference in TFP responses is sizable,

peaking at 0.77% after three years, and statistically significant from the first through the

third year. The forms of the impulse responses are quite similar to those obtained from

our simulation exercise in Section 2. So why does output take longer than TFP to respond

differentially? Due to the conflicting effects of the slower change in employment and the

stronger response of TFP on aggregate output, it is only when the difference in employ-

ment subsides that the TFP difference has a chance to manifest into a differential output

drop. In terms of timing, this only holds after the first year of the cycle. What about the

recovery period?

Capacity utilization, which can be thought of as a proxy for factor utilization, behaves

in a significantly different manner that can at least in part also account for the differential

output response during the later phase of the cycle. Overall, across all 3 EPL states, we

see that the beginning of the cycle is associated with a decrease in capacity utilization.

However, the persistence of the decline in utilization is varying according to the initial

state of EPL. For the first three years, during which the above-mentioned TFP channel is

present, there are no differences in responses of utilization after the second quarter fol-

lowing the credit supply shock. After 10 quarters we begin to see a diverging pattern
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of recovery that is significant from about 3.5 years onwards, with utilization recovering

much faster in the lax EPL state and the associated response difference peaking at 1.71%

after 17 quarters. These results, which are also in accordance with the differential recov-

ery of hours worked during the same time frame, indicate that the differential behavior

of utilization in the later stage of the cycle constitutes an important contribution to the

correspondingly stronger output drop in the strict EPL state relative to the lax one. The

fact that capacity utilization does not respond in a differential manner for the period of 1

year to 3 years following the shock, brings us back to the misallocation channel.

EPL and Misallocation: An Empirical Perspective. The differential response pattern

of utilization does not occur during the same time as that of TFP, suggesting that the

observed effect on TFP across the policy regimes does not stem from differences in uti-

lization. Hence, the results from Figure 6 indicate that the stronger drop in TFP is likely

driven by non-utilization-related forces which in turn strengthen the effect of the original

shock on aggregate output. This amplification mechanism further enhances the cycle’s

strength, contributes to its persistence, and leads to a slower recovery of the economy as

a whole. Importantly, since our TFP measure is unadjusted for factor utilization changes

and the differential drop in utilization takes place only after that in TFP occurs, we infer

from the empirical evidence that a potentially important channel underlying TFP’s differ-

ential decline lies in increased factor misallocation taking place in the strict EPL state.40

Specifically, our results indicate that the stronger output decline in the first 3 years after

the shock can be explained by a factor-misallocation-induced TFP decline, whereas the

subsequent two-year differential output fall seems to be mostly driven by a correspond-

40Underlying this factor misallocation based interpretation is the assumption that technology is unaf-
fected by credit supply shocks, which is what the literature on the TFP channel of credit supply shocks
normally assumes (see, e.g., Buera et al. (2011), Pratap and Urrutia (2012), Petrosky-Nadeau (2013), Khan
and Thomas (2013), Buera and Moll (2015), Buera et al. (2015), Gopinath et al. (2017), Buera and Shin (2017),
and Manaresi and Pierri (2017)).
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ing differential drop in factor utilization and hours worked.

At the core of this interpretation of the results is the assertion that the joint prevalence

of the adverse shock and strict EPL is associated with more misallocation. The persis-

tence of this factor misallocation stems from a slower reallocation of labor. In addition to

it being an important channel in our model, this assertion receives both theoretical and

empirical support in the literature on EPL. A theoretical example of this connection can

be found in the work of Garibaldi (1998) which concludes from a stochastic search model

that firing restrictions reduce labor reallocation and slow turnover. More recent empirical

evidence linking EPL and factor misallocation, in general, lend support this claim. Ca-

ballero et al. (2013) find that stricter EPL, especially with respect to dismissal regulations,

is linked to a lower speed of adjustment to shocks which in turn lowers productivity

growth, a process which they connect to Schumpeter’s idea of ‘creative destruction‘. Us-

ing a difference in differences estimation and industry-level data, Bassanini et al. (2009)

show that EPL strictness is associated with a lower productivity growth rate and that this

effect is due to the binding limitation on termination which may lead to a lower change

in aggregate productivity unless the market is extremely centered around industries for

which terminations are not the primary source of turnover. Petrin and Sivadasan (2013)

find from plant-level evidence in Chile’s manufacturing industry that there is a reason to

believe that changes in severance pay are responsible for an increase in the gap between

the value of the employees’ marginal product and their wage. This gap measures, in

fact, the allocation inefficiency, which means that the introduction of stricter termination

regulations in Chile may have induced an increase in factor misallocation. The work of

Lashitew (2016) provides further support to this claim by using plant-level data to show

that there is a link between EPL strictness and factor-misallocation-induced productivity

losses.
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Comparison to the Model Predictions - Attempting to Gauge the Quantitative Impor-

tance of the Labor Misallocation Channel. The quantitative results in our baseline cal-

ibration can account for a 0.139% TFP response to a 10% increase in the net cost of capital,

and up to 0.209% in the HM-style calibration. These are the peak effects and are obtained

in the first year after the shock. The empirical results indicate that the differential drop

in TFP is about 0.445% after one year. One standard error of EBP during 1985-2013 corre-

sponds to 0.567 percentage points where the average of the Gilchrist and Zakrajšek (2012)

credit spread (GZ spread) is 2.082 percentage points. If one considers the risk-free rate as

4 percent which is the accepted value for calibration in DSGE models, one would obtain

that the average capital price is about 6 percent and that a one standard error shock in

EBP is approximately a 10% increase in the net price of capital. Thus, these two sets of

impulse responses can be treated as if they are in response to a shock of roughly the same

magnitude.

The channel of amplification we present in our theory has as its ultimate result a dif-

ferential output drop. This drop is a salient and robust feature of our empirical analysis

as we will demonstrate in Online Appendix B. What is the source of this drop? The

difference in TFP responses causes output to be hit more severely in the countries with

stricter firing restrictions. In our model, the TFP drop has its roots in changes in the

cross-sectional misallocation of labor that originates from increased separations. Another

robust feature of our results is that unemployment rises in response to the shock. If this

rise in unemployment is entirely driven by a decline in hiring, we would have no cause

to conclude that this is our misallocation channel. However, if this increase in unemploy-

ment is in part, or in full, due to a rise in separations, this would support our conclusion

that the TFP decline is driven by an increase in labor misallocation which originates from

firing restrictions. Note that separations do not need to respond differently across policy

regimes to elicit a differential TFP response. In the perfectly flexible case with no firing
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restrictions, l = 0 and φ → ∞, the amplification parameter ψ in Eq. (31) goes to zero.

Thus, even given the same increase in separations, the strict policy group would exhibit

a larger TFP drop and a stronger response in terms of real output.

The first piece of evidence that supports the existence of an increase in separations

in the data is laid out in Figure 4. Under the strict EPL regime, vacancies do not exhibit

any statistically significant decline during the first two years after the shock. However,

data on vacancy stock is available for only a partial sample of countries and periods.

Thus, although increased separations in times of recession is a likely scenario we cannot

conclude that it is so based upon this dataset alone. With this in mind, we turn our

attention to a more detailed analysis of job flows.

Evidence From Job Flows. Since job flow data is not as readily available as employment

and unemployment data, we use decomposed flow hazards from the work of Elsby et al.

(2013) to examine if it is indeed the case that separations rise in response to our shock.

The authors combine OECD data and additional surveys to compile data-series of job-

finding rates and separation rates at an annual frequency for 14 countries in our sample

for varying time frames until 2009.41 We use this data to examine the response of job

flows to our shock. Results from this exercise are summarized in Figure 7.

Without regard to the policy regime in question, the response of the logged hazard

rates to the shock is in line with our previous results. The job-finding rate decreases in

response to the shock and the separation rate increases albeit these responses are mostly

not statistically significant other than at several particular horizons. When looking at the

impulse responses given in Figure 7 it is important to bear in mind that the aftermath of

the strongest realizations of our shock (i.e., those taking place in 2008) is mostly absent

41For additional details see Online Appendix C. The reason we do not use the aforementioned Hobijn
and Sahin (2009) data as in the calibration, although it is available for more countries, is that these corre-
spond to the steady-state values rather than the time-series.
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from the sample and that the data is of low frequency. Hence, our identification of credit

supply shocks is likely undermined in this exercise with the associated analysis proba-

bly suffering from a lack of statistical power. However, it suggests several very likely

conclusions at the horizons where we have statistical significance and in terms of overall

dynamics.

First, note that the response of the job-finding rate across the policy regimes is very

much in line with the results regarding vacancies. Namely, job-finding decreases in a sta-

tistically significant fashion in the lax EPL group but not in the strict group. This supports

the conclusion that the increase in unemployment is due, at least in part, to an increase

in separations. Second, in the strict EPL group, separations increase in a statistically sig-

nificant way and rather strongly during the third year after the shock with an increase

of 10%. A smaller and not statistically significant effect is present at the first two years

after the shock with a more moderate increase of about 3% in the separation rate. Taken

together with our previous results, this set of results lead us to conclude that the rise in

unemployment originates, at least partly, from a rise in separations that would generate

the required cross-sectional misallocation we model in Section 2.

The responses of the job flows in the data are very much in line with what we would

expect from the model’s broad prediction for a contractionary business cycle, i.e., job-

finding goes down and separation goes up. Our results also suggest that the labor-

misallocation channel which amplifies the decline in TFP and output is present. We do

not claim that this is the only channel of influence on TFP in response to the shock, only

that it is present and is a significant one as our model prediction is between 31% to 47%

of the observed effect on output.

However, the exact quantification of this channel is somewhat challenging. It is con-

ceptually possible to compute and compare values of ψ for each country and quantify in

the data the effect of the labor misallocation channel from the total TFP decline. However,
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this is a very difficult problem in term of data for several reasons. First, one would have

to have a measure of the costs of termination across countries which requires micro-data

of very high quality; an example of an exercise of this type for France one can find in

Kramarz and Michaud (2010). Second, termination notice duration varies within many

countries by industry and or occupation via collective agreements. Whenever one en-

counters the legislated notice period, it should be treated as a legal minimum. Higher

notice periods can be bargained for collectively or individually. Third, these should be

combined with industry levels of the labor share and average job flows. These challenges

place an exercise of this nature beyond the scope of our current work.

To recap, the strictness of EPL slows job flows and contributes to misallocation in the

presence of the adverse shock. In other words, combined with the adverse shock, strict

EPL enhances the sullying effect of the business cycle and lowers TFP via misallocation.

This transmission channel makes the economy less resilient overall to shocks as it ampli-

fies aggregate output response and leads to a slower recovery.

7 Conclusion

This paper demonstrates the potential of firing restrictions to amplify macroeconomic

shocks in three steps. First, using a stylized search and matching model, we illustrate

the contribution of firing costs and termination notice practices to the propagation of

shocks via misallocation-induced TFP decline. Second, using a quantitative version of our

model we show how a stochastic shock to the cost of capital causes a more pronounced

output drop in an economy with firing restriction and that TFP decline is at the source

of this variation. Last, we perform an empirical analysis of a panel of 21 countries aimed

at examining the relationship between firing restriction and economic resilience using a

state-dependent local projections based identification strategy.
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Our findings indicate that firing restrictions’ strictness has the capacity to act as an

amplifier of macroeconomic shocks. While diminishing the decrease in employment fol-

lowing an adverse credit supply shock, it severely hinders the recovery of real output to

pre-shock levels. This sizable and robust relative decline in real activity seems to originate

from a TFP decline that is present in the strict EPL state and is absent in the lax EPL one.

This paper argues that the mechanism underlying this relative decline in TFP is derived

from the misallocation present in our model and in our simulation exercise.

Our results shed light on an often-overlooked element in the policy debate which sur-

rounds labor market policies, which is their effects on business cycle dynamics. The re-

sults are especially relevant for the current COVID-19 crisis, during which labor market

turnover is at an unprecedented level. Our results indicate that in those countries that

have high levels of firing restrictions, relaxing these measures during the crisis may al-

low for a faster recovery of real output. This recommendation, alongside other measures

which are currently a part of the lively policy debate, may prove useful for the design of

a recovery strategy in many advanced economies.

This paper points towards several directions for future work. From a theoretical stand-

point, this paper may prove of value for model builders in the construction of models that

can accommodate the type of link between EPL, TFP, and varying factors’ utilization ob-

served in the data conditional on a shock-induced business cycle. From an empirical

standpoint, our model suggests a new way to account for misallocation of labor in TFP

measurement via our aggregation results. The capacity to consider these channels of in-

fluence may prove useful in producing cleaner measures of aggregate TFP and improve

our understanding of aggregate fluctuations.
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Appendix A Model Solution

A.1 Deriving The Match Surplus Equation

Recall the definition of the surplus from Eq. (6):

M (x, s) = J (x, s) + W (x, s) − Mn (s) .

Multiplication by r and substituting in Eq. (1) and (3) yields:

r M (x, s) = w (x, s) + λ
∫ xmax

xmin

max {W (y, s) , Wn (w (x, s) , s) }dG (y) − λ W (x, s)

+ τE
[
max

{
W
(
x, s′

)
, Wn (w (x, s) , s′

) }
− W (x, s) | s

]
+ xp[ f (k (s)) − ρk (s)]− w (x, s)

+ λ
∫ xmax

xmin

max { J (y, s) , Jn (w (x, s) , s) }dG (y) − λ J (x, s)

+ τE
[
max

{
J (x, s) , Jn (w (x, s) , s′

) }
− J (x, s) | s

]
− r Mn (s) .

Canceling out the wage, using the definitions of M (x, s) and Mn (s), and the identity

M (x, s) + Mn (s) = J (x, s) + W (x, s) one obtains:

(r + λ + τ)(M (x, s) + Mn (s) ) = xp( f (k (s)) − ρk (s))+

+ λ

[∫ xmax

xmin

max {W (y, s) , Wn (w (x, s) , s) }dG (y) +
∫ xmax

xmin

max { J (y, s) , Jn (w (x, s) , s) }dG (y)
]

+ τ
[
E
[
max

{
W
(
x, s′

)
, Wn (w (x, s) , s′

) }
| s
]
+ E

[
max

(
J (x, s) , Jn (w (x, s) , s′

) )
| s
]]

.

This equation can be simplified further by keeping in mind that the first order condi-

tions of the problem impose a surplus sharing of the form W (x, s) − Wn (w (x, s) , s) =
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β M (x, s) and J (x, s) − Jn (w (x, s) , s) = (1− β)M (x, s) . This means that W (x, s) >

Wn (w (x, s) , s) and J (x, s) > Jn (w (x, s) , s) if and only if M (x, s) > 0, which imply

that the value of the expression inside all the maximum operators will be determined

solely by M (x, s). This results in

(r + λ + τ)(M (x, s) + Mn (s) ) = xp( f (k (s)) − ρk (s))

+ λ
∫ xmax

xmin

max (M (y, s) + Mn (s) , Mn (s) )dG (y)

+ τ
[
E
[
max

{
M
(
x, s′

)
+ Mn

(
s′
)

, Mn
(
s′
) }
| s
]]

,

which can be further simplified into:

(r + λ + τ)(M (x, s) + Mn (s) ) = xp( f (k (s)) − ρk (s))+ (A.1)

λ

[
Mn (s) +

∫ xmax

xmin

max (M (y, s) , 0)dG (y)
]
+ τ

[
E
[
max

{
M
(
x, s′

)
, 0
}
+ Mn

(
s′
)
| s
]]

.

A.2 Uniqueness of The Reservation Level

This section proves Lemma 2.2, which states that if there is any production at an aggregate

state s, then the match surplus has a unique zero, which we call the reservation level.

Recall that the match surplus is given by Eq. (6) as:

(r + λ + τ)(M (x, s) + Mn (s) ) = xp( f (k (s)) − ρk (s))+

λ

[
Mn (s) +

∫ xmax

xmin

max (M (y, s) , 0)dG (y)
]
+ τ

[
E
[
max

{
M
(
x, s′

)
, 0
}
+ Mn

(
s′
)
| s
]]

.
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Denote the aggregate state-space of the model by Λ with finite cardinality a and let tran-

sitions be governed by the Markov matrix Π with πi,j denoting the transition probability

from state i to state j. We define for each x the continuation states of x as the aggregate

states in which M (x, s) ≥ 0, and denote this subset as Λc(x) ⊆ Λ. The derivative of

M (x, s) with respect to x is thus:

(r + λ + τ)
∂ M (x, s)

∂x
= p( f (k (s)) − ρk (s)) + τ ∑

s′∈Λc
πs,s′

∂ M (x, s′)
∂x

. (A.2)

We denote by ∆x M (x, s) , the column vector of length a which contains all the derivatives
∂ M(x,s)

∂x . For this part only, we explicitly spell-out the state dependence of all the param-

eters and choice variables. Thus, the derivative of the match surplus in each state with

respect to x is given by the system:

µ ∆x M (x, s) = p (s) ( f ( k (s) (s) ) − ρ (s) k (s) ) + τ Πc (x) ∆x M (x, s) , (A.3)

where µ is an a by a diagonal matrix whose entries are µs,s = r (s) + λ (s) + τ , [p( f ( k (s) ) − ρ k (s) )]

denotes a column vector of length a, and Πc (x) is the Markov matrix Π after substituting

all entries πi,j such that j /∈ Λc(x) with zeros.42 The solution is given by:

∆x M (x, s) = (µ− τ Πc (x) )−1[p( f ( k (s) ) − ρ k (s) )], (A.4)

To see that the solution exists, and is unique, we first examine the matrix

T = (µ− τ Πc (x) ).

42We do not consider state dependence of τ as any such design can be equivalently represented by
changing the elements of Π.
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The diagonal entries of T are either ( r (s) + λ (s) + τ )− τ πs,s or ( r (s) + λ (s) + τ )

which are strictly positive since r and λ are the discount rate and a Poisson arrival rate,

and 0 ≤ πs,s ≤ 1. The off-diagonal elements are either zero or − τ πs,s′ . Taken together,

these make T a Z-matrix. Moreover, the matrix is semi-positive since there exists a vector,

namely, i the a length unit vector, such that Ti > 0, where > is the element-wise order.

That makes T a non-singular M-matrix which has the property of being inverse positive.

Second, in addition to T−1 having only non-negative entries, the vector [p( f ( k (s) ) − ρ k (s) )],

is strictly positive as the capital is chosen optimally from f′ ( k (s) ) = ρ. We thus have,

from Euler’s homogeneous function theorem that

f ( k (s) ) − ρ k (s) = (1− α) f ( k (s) ) > 0.

Finally, we obtain that solution to Eq. (A.4) is the result of multiplication of a non-singular

matrix with non-negative entries with a strictly positive vector which results in ∆x M (x, s)

being strictly positive for all states. Thus, the match surplus is strictly increasing in x and

if it has a zero in state s, then this zero is necessarily unique.43

Key feature to note about the derivatives is that they do not depend on x other then

via the matrix Πc (x) which stems from the non-linearity of the maximum operator in

Eq. (6). Thus, as long as the matrix Πc (x) does not change, we have that the surplus is

linear and increasing in x. Since there are a states, without loss of generality we can order

them by their reservation levels as follows R (1) ≥ R (2) ≥ · · · ≥ R (a) , and define a+ 1

intervals on the support between them, the first of these will be [R (1) , xmax], followed

by [R (2) , R (1) ), until [xmin, R (a) ). For each one of these intervals, the form of Πc (x)

is the same as the dependence upon x comes into play here only from the separation

possibility encapsulated within the option value. Thus, the function M (x, s) is piece-

43If there is no zero, but there is production, that would be equivalent to the statement R (s) = xmin. If
there is no production, that is to say that R (s) > xmax .
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wise linear and increasing, with points of discontinuity for the derivative situated at each

of the reservation levels.

A.3 The Wage Solution in the Deterministic Case

In order to solve for the wage in the deterministic case, we first look at the firm’s value

function and the surplus without aggregate risk:

(r + λ)(M (x) + Mn) = xp( f (k) − ρk) + λ

[
Mn +

∫ xmax

R
M (x) G (y) d y

]
, (A.5)

(r + λ) J (x) = xp[ f (k) − ρk]− w (x) (A.6)

+ λ

[
Jn (w (x) ) +

∫ xmax

R
J (y) − Jn (w (x) ) dG (y)

]
.

Substituting x = R into Eq. (A.6) yields:

(r + λ) J (R) = Rp[ f (k) − ρk]− w (R) + (A.7)

λ

[
Jn (w (R) ) +

∫ xmax

R
J (y) − Jn (w (R) ) dG (y)

]
.

Recall the definition of the reservation level as M (R) = 0 and the surplus sharing rule

that is the FOC for (B1) J (x) − Jn = (1− β)M (x) . From Lemma 2.1, we know that the

problems (B1) and (B2) split the same surplus level, thus

∫ xmax

R
J (y) − Jn (w (x) ) dG (y) =

∫ xmax

R
J (y) − Jn (w (R) ) dG (y) =

∫ xmax

R
(1− β)M (y) dG (y) .
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Using this one can subtract the two above equations to obtain:

(r + λ)( J (x) − J (R) ) = (x− R)p[ f (k) − ρk]− (w (x) − w (R) ) (A.8)

+ λ[ Jn (w (x) ) − Jn (w (R) ) ].

Repeating the same process for Eq. (A.5) by subtracting from the equation, itself with

M (R) = 0 we obtain

(r + λ)M (x) = (x− R)p( f (k) − ρk). (A.9)

Now, substituting the surplus sharing rule, and the value of

Jn (w (x) ) = − w (x) + φFpf (k)− xminp( f (k) − ρk)
r + φ

,

into Eq. (A.8) to obtain:

(r + λ)((1− β)M (x) ) = (x− R)p[ f (k) − ρk]−
(

λ

r + φ
+ 1
)
(w (x) − w (R) ).

This expression will be further simplified if we substitute in Eq. (A.9) and reverse the

signs to obtain:

β((x− R )p( f (k) − ρk)) =
(

λ + r + φ

r + φ

)
(w (x) − w (R) ),

which after rearranging yields

w (x) =
r + φ

r + φ + λ
β((x− R )p( f (k) − ρk)) + w (R) . (A.10)
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What about w (R)? Since M (R) = 0 from the surplus sharing rule we can say that

J (R) = Jn (w (R) ) . Using this in Eq. (A.7) along with the value of Jn (w (R) ) yields

0 =Rp[ f (k) − ρk]− w (R) + λ

[∫ xmax

R
(1− β)M (y) dG (y)

]
− r

xminp( f (k) − ρk)− w (R) − φFpf (k)
r + φ

,

which after some rearrangement results in

w (R) =
r + φ

φ

[
Rp[ f (k) − ρk] + λ(1− β)

∫ ∞

R
M (y) dG (y)

]
(A.11)

+
rφFpf (k)− rxminp( f (k) − ρk)

φ
.

The wage function that results is at the reservation takes into account the notice period’s

duration and production in its duration, the production value at R and the option to enter

into a period of notice from any wage level in the future.
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Table 1: Model Calibration and Stochastic Steady-State Values.

Baseline -
France

No firing
costs

No notice No firing
restrictions

(1) (2) (3) (4)

Parameter values

p 0.4500 0.4500 0.4500 0.4500
c 1.2953 1.2953 1.2953 1.2953
λ 0.1756 0.1756 0.1756 0.1756
β 0.5000 0.5000 0.5000 0.5000
φ 0.7500 0.7500 62.7500 62.7500
F 0.6231 - 0.6231 -
z 0.8425 0.8425 0.8425 0.8425
r 0.0100 0.0100 0.0100 0.0100
δ 0.0200 0.0200 0.0200 0.0200
α 0.3300 0.3300 0.3300 0.3300

G(x) G (x) = 1−
(

1
x

)1.61

q(θ) 0.2509θ−0.5

Model stochastic steady state

u 0.1442 0.2865 0.3887 0.4324
n 0.0392 0.0613 0.0012 0.0012
e 0.8166 0.6523 0.6102 0.5664
x 1.9118 2.4327 2.8395 3.1014
TFP 0.6718 0.7667 0.9011 0.9557
R 0.1397 0.3623 0.5307 0.6429
θ 0.9982 1.1010 1.2088 1.2894
Finding rate 0.2032 0.1601 0.1390 0.1281
Seperation rate 0.0343 0.0644 0.1188 0.1312
Output 2.3426 2.3812 2.5995 2.6363

Notes: This table consists of the parameters and of the stochastic steady-state values
used for the baseline calibration of our model described in Section 3, and for the
simulation presented in Figure 1.
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Table 2: Model Calibration and Stochastic Steady-State Values - HM-Style Calibration.

Baseline -
France

No firing
costs

No notice No firing
restrictions

(1) (2) (3) (4)

Parameter values

p 0.4500 0.4500 0.4500 0.4500
c 2.3350 2.3350 2.3350 2.3350
λ 0.1814 0.1814 0.1814 0.1814
β 0.0520 0.0520 0.0520 0.0520
φ 0.7500 0.7500 62.7500 62.7500
F 0.6185 - 0.6185 -
z 1.4269 1.4269 1.4269 1.4269
r 0.0100 0.0100 0.0100 0.0100
δ 0.0200 0.0200 0.0200 0.0200
α 0.3300 0.3300 0.3300 0.3300

G(x) G (x) = 1−
(

1
x

)1.61

q(θ) 1

(1+θ0.4983)
1

0.4984

Model stochastic steady state

u 0.1477 0.1989 0.2466 0.2695
n 0.0401 0.0530 0.0010 0.0011
e 0.8122 0.7481 0.7524 0.7294
x 1.9190 2.1212 2.2986 2.4239
TFP 0.6729 0.7098 0.7830 0.8112
R 0.1338 0.2225 0.2951 0.3503
θ 0.9946 1.2301 1.4665 1.6605
Finding rate 0.2030 0.1994 0.1971 0.1947
Separation rate 0.0353 0.0496 0.0867 0.0966
Output 2.3387 2.3813 2.5948 2.6532

Notes: This table consists of the parameters and of the stochastic steady-state values
used for the HM-style calibration of our model described in Section 3, and for the
simulation presented in Figure 2.
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Table 3: EPL: Components and Weights.

EPL
index Weights OECD main series Weights OECD basic series

EPR v1
-

regular
contracts

33.3% Procedural
inconvenience

50.0% Notification procedures

50.0% Delay involved before notice
can start

33.3%

Notice and
severance pay

for no-fault
individual
dismissal

14.3% Length of the notice period at 9
months tenure

14.3% Length of the notice period at 4
years tenure

14.3% Length of the notice period at
20 years tenure

19.0% Severance pay at 9 months
tenure

19.0% Severance pay at 4 years tenure

19.0% Severance pay at 20 years
tenure

33.3% Difficulty of
dismissal

25.0% Definition of justified or unfair
dismissal

25.0% Length of trial period

25.0% Compensation following unfair
dismissal

25.0% Possibility of reinstatement
following unfair dismissal

Notes: The weights and the basic series are those used by the OECD and retrieved from
http://www.oecd.org/els/emp/oecdindicatorsofemploymentprotection.htm.
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Figure 1: Theoretical Impulse Responses For Baseline Calibration and Counter-Factual
Parameterizations.
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Notes: Theoretical impulse response functions for each variable to a realization of the
high risk premium state. Impulse responses for our baseline France calibration and the
counter-factual ones given in columns 1 through 4 of Table 1 are presented in black, blue,
red, and green correspondingly. Time horizon is in quarters and the vertical axis’ units
are the log-point changes from steady-state level of each variable in response to the shock.
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Figure 2: Theoretical Impulse Responses For Baseline Calibration and Counter-Factual
Parameterizations - HM-style Calibration.
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Notes: Theoretical impulse response functions for each variable to a realization of the
high risk premium state. Impulse responses for our baseline France calibration and the
counter-factual ones given in columns 1 through 4 of Table 2 are presented in black, blue,
red, and green correspondingly. Time horizon is in quarters and the vertical axis’ units
are the log-point changes from steady-state level of each variable in response to the shock.
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Figure 3: Sensitivity Analysis for the Value ψ.
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Notes: Each panel gives the possible values of ψ given the the parameter values that corre-
spond to our baseline calibration in Table 1. Namely, a capital share of α = 0.33, φ = 0.75,
a termination rate of τr = 0.0356, firing costs ratio to average quarterly production value
of l = 0.33 ,and xmin = 0.
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Figure 4: Impulse Responses to a One Standard Deviation Credit Supply Shock Under
Different EPL Regimes: Labor Market Variables.
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Notes: Impulse response functions for each outcome measure estimated using the state-
dependent model described in Equation (32). The IRF for strict EPL regime is presented
in blue, the IRF for the lax EPL regime in red and the intermediate regime in black. Full
data points represent horizons at which the point estimate for the IRF is statistically sig-
nificantly different than zero (p-value≤ 0.05). Shaded areas indicate that the difference in
response between the strict and lax groups is significantly different from zero (p-value ≤
0.05 in light-blue shading and p-value ≤ 0.1 in gray). Inference is based on Driscoll and
Kraay (1998) standard errors.
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Figure 5: Impulse Responses to a One Standard Deviation Credit Supply Shock Under
Different EPL Regimes: National Accounts.
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Notes: Impulse response functions for each outcome measure estimated using the state-
dependent model described in Equation (32). The IRF for strict EPL regime is presented
in blue, the IRF for the lax EPL regime in red and the intermediate regime in black. Full
data points represent horizons at which the point estimate for the IRF is statistically sig-
nificantly different than zero (p-value≤ 0.05). Shaded areas indicate that the difference in
response between the strict and lax groups is significantly different from zero (p-value ≤
0.05 in light-blue shading and p-value ≤ 0.1 in gray). Inference is based on Driscoll and
Kraay (1998) standard errors.

83



Figure 6: Impulse Responses to a One Standard Deviation Credit Supply Shock Under
Different EPL regimes: TFP, Hours Worked, and Utilization.
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Notes: Impulse response functions for each outcome measure estimated using the state-
dependent model described in Equation (32). The IRF for strict EPL regime is presented
in blue, the IRF for the lax EPL regime in red and the intermediate regime in black. Full
data points represent horizons at which the point estimate for the IRF is statistically sig-
nificantly different than zero (p-value≤ 0.05). Shaded areas indicate that the difference in
response between the strict and lax groups is significantly different from zero (p-value ≤
0.05 in light-blue shading and p-value ≤ 0.1 in gray). Inference is based on Driscoll and
Kraay (1998) standard errors.
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Figure 7: Impulse Responses to a One Standard Deviation Credit Supply Shock Under
Different EPL regimes: Separation Rate and Job-Finding Rate.
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Notes: Impulse response functions for each rate estimated using the state-dependent
model described in Equation (32) are presented in the second. The IRF for strict EPL
regime is presented in blue, the IRF for the lax EPL regime in red and the intermediate
regime in black. Full data points represent horizons at which the point estimate for the
IRF is statistically significantly different than zero (p-value≤ 0.05). Shaded areas indicate
that the difference in response between the strict and lax groups is significantly different
from zero (p-value ≤ 0.05 in light-blue shading and p-value ≤ 0.1 in gray). Inference is
based on Driscoll and Kraay (1998) standard errors.
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