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Abstract

This paper studies the effect of labor market institutions on the cyclicality of labor

productivity and aggregate fluctuations in Italy. It uses a New Keynesian model with labor

market frictions and labor effort when two wage bargaining settings (efficient Nash and right-

to-manage) interact with three types of hiring costs. We focus on three sets of labor market

deregulation modeled as a fall in wage rigidity, hiring costs, and the bargaining power of workers.

We show that, when labor effort varies, reforms trigger procyclical productivity under efficient

bargaining, and countercyclical productivity under right-to-manage bargaining. Reforms also

have different effects on cyclical moments. Second, we estimate the model with Bayesian

techniques and find that productivity is mainly driven by technology shocks.
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1 Introduction

Euro area labor markets are characterized by high firing costs, long-duration of unemployment spells,

inflexible wages, and generous unemployment benefit systems. This is unlike other regions in the world.

Elsby et al. (2013), for instance, document large differences in cyclical and long run labor market flows

across countries. Compared to European economies, the US labor market exhibits higher unemployment

inflow and outflow (flow) rates. The leading explanation in the literature underlines the role of labor market

institutions (LMIs) in explaining cross-country differences in labor market dynamics (see, e.g., Blanchard

and Wolfers 2000; Bentolila et al. 2012; Jung and Kuhn 2014; Langot and Pizzo 2019).1

When it comes to Italy more specifically, the country finds itself in stark contrast with OECD countries,

since its labor market is characterized by high hiring and firing costs, very low labor market flow rates,

and high bargaining power of workers (e.g., Boeri and Jimeno, 2005; Botero et al., 2004). It has a two-

tier bargaining mechanism, with a dominant sectoral tier and a supplementary decentralized tier in which

bargaining is carried out at the firm level, leading to substantial downward real wage rigidity (e.g., Devicienti

et al., 2007, Devicienti et al., 2018).2 Training costs represent a large share of hiring costs in Italy once the

cost of unfair dismissal is excluded as we see in Del Boca and Rota (1998). In the last two decades,

Italy adopted numerous labor market reforms aimed among others at weakening firing costs for permanent

contracts, offering flexible temporary contracts to firms, and increasing job-matching efficiency (Pinelli et al.,

2017). Labor productivity has declined in Italy since the early 2000s, and real wages have grown faster than

labor productivity since Italy joined the Euro area as shown in Garcia-Macia (2020). Over the period

1996Q1-2018Q4, the correlation between the cyclical components of labor productivity and output is equal

to 0.43 (see section 3).

The aim of this paper is to analyze how labor market deregulation (i.e., reduction in real wage rigidity,

hiring cost, and bargaining power of workers) affects the cyclicality of Italian labor productivity and aggregate

fluctuations. Previous studies theoretically show that labor market policies can crucially affect the short-run

responses of labor market outcomes to shocks and aggregate fluctuations (e.g., Christoffel et al. 2009; Abbritti

and Mueller 2013). Abbritti and Weber (2010) distinguish between unemployment rigidities and real wage

rigidities. Unemployment rigidities capture institutions that limit the flows in and out of unemployment, such

as hiring costs, EPL, and matching technology. Real wage rigidities capture institutions that influence the

responsiveness of real wages to economic activity such as collective wage bargaining settings. They show that

unemployment rigidities make it costly for firms to hire/fire new workers, reduce unemployment volatility,

and increase inflation volatility. In contrast, real wage rigidities limit wage adjustments and create incentives

for firms to react to shocks using the hiring margin, thereby decreasing inflation volatility, and increasing

1"LMIs", "labor market reforms", and "labor market policies" are used interchangeably throughout this paper.
2The main goals of the sectoral contracts are to protect real wages and to set common economic and normative

conditions nationwide. Decentralized or firm-level bargaining offers performance and productivity-related wage
increases and is limited only to large firms.
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unemployment volatility (e.g., Zanetti 2011, Abbritti and Mueller 2013). Abbritti and Weber (2018)

empirically show that the effects of trade unions depend on the shocks hitting the economy. However, these

studies do not incorporate labor effort and focus mainly on the effects of LMIs on inflation and unemployment

dynamics or the transmission of monetary policy decisions. Theoretical studies that embed labor market

frictions and labor effort to study the interplay between labor market policies and the cyclicality of labor

productivity are scant (see Barnichon 2010 and Galí and Van Rens 2021 for the US). The main challenge

is that labor effort cannot be observed directly but many indirect measures suggest that it is procyclical

in many countries including Italy (Dossche et al. 2022). Gnocchi et al. (2015) empirically show that wage

bargaining reforms increase the volatility of unemployment and trigger procyclical labor productivity while

employment protection reforms increase the volatility of employment and generate countercyclical labor

productivity.3 We contribute to this literature by studying theoretically and empirically to what extent

labor market policies influence the cyclicality of Italian labor productivity and aggregate fluctuations.

The contribution of this paper is twofold. First, it analyzes how labor market reforms influence the

cyclicality of Italian labor productivity and cyclical moments under the interaction of two distinct wage

bargaining mechanisms (efficient Nash [EB] and right-to-manage [RTM]), and three functional types of

hiring costs in a New Keynesian model characterized by search and matching frictions in the labor market,

labor effort and nominal rigidities in the goods market.4 The interaction between distinct wage bargaining

mechanisms and different types of hiring costs enables us to model both flow and wage restrictions and is

crucial for determining cyclical moments and for shaping differently the cyclicality of labor productivity and

its correlation with real wage (Fabiani et al., 2010; Gnocchi et al. 2015). Indeed, Gnocchi et al. 2015 find

that flow restrictions (hiring costs) affect employment while wage restrictions mostly affect the volatility

of real wages and unemployment. We distinguish between pre-match hiring costs and post-match hiring

costs. The former includes recruitment and advertising costs before a match is formed while the latter

includes training costs for new hires (Yashiv 2007, Faccini and Yashiv 2022). We then calibrate the resulting

model to match the long run features of the Italian labor market under the assumption that labor effort

is procyclical.5 Following Dossche et al. (2022), we vary the labor effort parameter and simulate how

labor market deregulation affects the reactions of labor market outcomes, the cyclicality of Italian labor

productivity, and cyclical moments. Second, we empirically examine the relative contribution of shocks,

including labor market shocks, in explaining fluctuations in Italian labor productivity by estimating the

resulting model with Bayesian techniques using quarterly Italian data running from 1996Q1 to 2018Q4.

3See also Fonseca et al. (2009); Fonseca et al. (2010); Langot and Pizzo (2019); Nickell (1997); Nickell and Layard
(1999); Nickell et al. (2003); Merkl and Schmitz (2011); Abbritti and Weber (2018). Boeri et al. (2015) provide
a survey of results of empirical studies analyzing the costs of flexibility-enhancing reforms in labor markets across
countries.

4Under the EB mechanism, workers and firms bargain over the wage and the number of hours worked
simultaneously whereas, under the RTM mechanism, both parties bargain over the wage only, and firms determine
unilaterally the number of hours worked in a second stage (Trigari, 2006). The latter mechanism provides a direct
channel through which the wage directly affects marginal costs and inflation dynamics.

5See Marchetti, Nucci et al. (2001) on the procyclicality of labor effort over the business cycle in Italy.
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Our results are as follows. First, we find that when labor effort varies, labor market reforms have

different effects on cyclical moments. Labor market reforms generate procyclical labor productivity when

we simulate the model under the interaction of the EB mechanism and all types of hiring costs. Under the

RTM mechanism, reforms generate either countercyclical or weakly procyclical labor productivity. Second,

regarding cyclical moments, under the EB mechanism, when we simulate our model with post-match hiring

costs we find that an increase in wage rigidity and the bargaining power of workers increases unemployment

volatility while a rise in hiring cost generates the reverse. When we use linear vacancy costs together with

pre-match and post-match hiring costs, an increase in wage rigidity increases unemployment volatility while

an increase in hiring costs and the bargaining power of workers decreases it. Regardless of the types of hiring

costs, we find that reforms do not alter inflation volatility.

Under the RTM mechanism, when we consider only post-match hiring costs, we show that an increase

in wage rigidity and hiring costs increases the volatility of unemployment and inflation. An increase in the

bargaining power of workers does not alter the unemployment volatility and increases the inflation volatility.

When we consider linear vacancy costs, an increase in wage rigidity increases the volatility of unemployment

and inflation while a rise in hiring costs and the bargaining power of workers decreases the volatility of

unemployment and inflation. When we simulate our model with pre-match and post-match hiring costs, an

increase in wage rigidity increases unemployment volatility and reduces inflation volatility. An increase in

hiring costs reduces the volatility of unemployment, and inflation. Finally, an increase in the bargaining

power of workers does not alter the volatility of unemployment and increases inflation volatility.

Finally, we estimate two models which feature the EB or RTM mechanism and hiring cost function à la

Sala et al. (2013) with Bayesian techniques using Italian data over the period 1996Q1-2018Q4. We choose

the latter as it includes both pre-match and post-match hiring costs. We allow many shocks, including those

originating in the labor market, to affect the economy and to compete as sources of aggregate fluctuations.

We find that technology shocks are the main sources of fluctuations in Italian labor productivity in the short

and long run. Labor market shocks are not important sources of business cycle fluctuations, consistent with

previous studies in the literature (e.g., Gertler et al. 2008, Furlanetto and Groshenny 2016). We check the

robustness of our results by considering two extensions. First, we re-estimate our models over the period

2000Q1-2018Q4 to account for the flattening of Italian labor productivity in the early 2000s. Second, we take

advantage of data on vacancies whose availability starts in 2004Q1 and we re-estimate our models over the

period 2004Q1-2018Q4 by introducing two additional labor market shocks (disturbances to job separation

and hiring costs). Our sensitivity analysis confirms our results.

This paper proceeds as follows. Section 2 lays out the model environment. Section 3 presents data

and discusses our calibration. Section 4 shows our counterfactual analysis on labor market institutions and

macroeconomic dynamics. Section 5 presents our estimation results. Section 6 concludes.
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2 Model

This section presents a New Keynesian model with labor market frictions à la Mortensen and Pissarides

(1994), which allows for labor adjustment along three margins: employment, hours and effort, and wage

rigidities. It features a host of nominal and real frictions (investment adjustment costs, variable capital

utilization, consumption habit formation). Our economy is populated by four types of agents: households,

firms (comprised of a continuum of intermediate goods producers indexed by i ∈ [0, 1] and retailers), a

monetary authority, and a fiscal authority. Time is discrete and goes from zero to infinity. In what follows

we explain the structure of the labor market and the problems faced by households and firms.

2.1 Labor market search and matching frictions

The matching process is described by an aggregate constant-returns-to-scale Cobb–Douglas matching

function mt = εmuγ
t (vt)

1−γ which represents the aggregate flow of hires in a unit period where mt =
∫ 1

0
mitdi

denotes matches, vt =
∫ 1

0
vitdi denotes aggregate vacancies, ut aggregate unemployment, and γ ∈ (0, 1)

denotes the matching elasticity with respect to unemployment. During each period, vacancies are filled with

probability qt = mt/vt, θt = vt/ut denotes labor market tightness and pt denotes the job-finding rate by

the unemployed. The population size is normalized to one. εm is the efficiency of matching vacant positions

with unemployed members. We assume that in each period, a constant fraction of workers loses jobs with

probability σ and new matches mt are formed. Defining aggregate employment nt =
∫ 1

0
nitdi, the law of

motion for aggregate employment is given by :

nt+1 = (1− σ)nt +mt (1)

Workers who have lost jobs in period t start searching immediately and may find one with a probability

given by the current job-finding rate pt. After matching has taken place, those who remain unmatched enter

the unemployment pool and will search for a job in the next period. Aggregate unemployment as measured

after period t hiring is equal to ut ≡ 1− nt.

2.2 Households

There is a continuum of identical households of mass one. Each household is a large family, made up of a

continuum of individuals of measure one. Family members are either employed or unemployed. A fraction

nt of employed members receive the real wage wit from firm i ∈ [0, 1] for supplying hours hit and effort

eit while 1 − nt unemployed members receive unemployment benefits b. To avoid distributional issues, we

assume that family members pool their income before allowing the head of the family to optimally choose

consumption Ct.6 Denoting g(hit, eit) the individual labor disutility of working, the family’s lifetime utility

6See Andolfatto (1996), Merz (1995) and Langot (1995) for a decentralized market economy with unemployment
insurance.
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is described by

E0

∞∑
t=0

βt

[
U(Ct;Ct−1)− εℓ,tnt

∫ 1

0

g(hit, eit)di

]
(2)

where β ∈ (0, 1) denotes the discount factor, εℓ,t is the labor supply shock. Consumption utility is further

specified as U(Ct;Ct−1) = ln(Ct−λcCt−1), where 0 ≤ λc < 1 denotes the degree of external habit formation

and Ct−1 denotes aggregate consumption taken as given and not optimized by the household (Abel, 1990).

Following Bils and Cho (1994), the individual period disutility of labor takes the form g(hit, eit) = (λh/(1+

σh))h
1+σh
it + hit(λe/(1 + σe)) e

1+σe
it where λh, λe, σh and σe are positive constants and denote respectively

the weight on hours, effort and the curvature of labor disutility in hours and effort. The first term captures

disutility from spending hit hours at work while the last term reflects disutility from exerting effort.

The household owns capital stock Kt and finances investment It. It faces the following budget constraint:

Ct +
Bt

εbtRtPt
+ It + a(uk

t )Kt = nt

∫ 1

0

withit + but + rkt u
k
tKt +

Bt−1

Pt
+Dt + Tt (3)

Consumption, bond purchases Bt, investment and capital utilization costs a(uk
t )Kt are financed through

wage income by employed members, rental income on capital holdings, income on bond holdings, unemployed

benefits b received by unemployed members, real profits Dt, and lump-sum government transfers Tt. One-

period bond holding pays a nominal interest rate Rt, rkt denotes the rental rate on capital. As in Smets and

Wouters (2007), εbt denotes a risk premium shock which drives a wedge between the central bank’s rate Rt

and the return on assets held by the household. This shock captures disturbances originating in the financial

markets. It is assumed that using the stock of capital with intensity uk
t entails capital utilization costs a(uk

t ).

We assume that uk = 1 in the steady-state, so a(uk) = 0 and a
′′
(1)/a

′
(1) = σu determines capital utilization

dynamics.

Letting εit denote a shock to the investment-specific technology, the aggregate capital stock evolves

according to the law of motion :

Kt+1 = (1− δ)Kt + εitF (It, It−1) (4)

where δ denotes the rate of capital depreciation, F (It, It−1) =
[
1− κi

2 (It/It−1 − 1)
2
]
It represents investment

adjustment costs, and κi denotes the size of these adjustment costs (Christiano et al., 2005). We assume

that, in steady state, F = F
′
= 0, and F

′′
= κi > 0.

The family representative chooses Ct and Kt+1 to maximize the utility (2) subject to the budget

constraint (3) and the law of motion for capital (4). Letting Λt denote the Lagrange multiplier on (3),

the optimality conditions for consumption, bonds, investment, capital holdings, and capital utilization are

respectively:

Λt = 1/(Ct − λcCt−1) (5)

5



1 = εbtRtEt [βt,t+1/Πt+1] (6)

1 = qkt ε
i
tF1t + Et

[
βt,t+1q

k
t+1ε

i
t+1F2t+1

]
(7)

qkt = Et

{
βt,t+1

[
rkt+1u

k
t+1 − a(uk

t+1) + (1− δ)qkt+1

]}
(8)

rkt = a′(uk
t ) (9)

Equation (5) states that the Lagrange multiplier on the budget constraint is equal to the marginal utility

of consumption. Equation (6) denotes the household’s Euler equation that describes the intertemporal

consumption decisions and where βt−1,t = βΛt/Λt−1 denotes the stochastic discount factor, Πt ≡ Pt/Pt−1

is the gross inflation rate. Equation (7) describes the marginal value of investment should be equal to the

replacement cost of installed capital in units of consumption goods where Fit denotes the derivative of the

function F(.) with respect to its ith argument, and qkt denotes the household’s shadow price of physical

capital. Equation (8) shows that the value of installed capital depends on its expected future value taking

into account the depreciation rate and the expected future return as captured by the rental rate times the

expected rate of capital utilization. Equation (9) equates the cost of higher capital utilization with the rental

price of capital services.

2.3 Intermediate goods

Intermediate goods firms hire workers in a frictional labor market and rent capital services in a perfectly

competitive market. They manufacture homogeneous intermediate goods and sell them to retailers in a

perfectly competitive market. There is a continuum of producers of unit measure selling homogeneous goods

at competitive prices φt. Firm i produces output according to the following technology Yit = εat (k
s
it)

α(lsit)
1−α

where εat is an exogenous technology shock to all firms, lsit are labor services, ksit are capital services and α is

the share of capital services in production. Labor services are the product of employment, hours per worker,

and effort per hour; capital services are given by the product of capital stock and capital utilization rate:

lsit = nithiteit (10)

ksit = uk
tKit (11)

Firms maximize the discounted value of future profits. Firms adjust employment by varying the extensive

margin (number of workers) and the intensive margin (hours, effort per hour). The firm takes as given the

number of workers currently employed, and its employment decision concerns the number of vacancies that

it posts in the current period vit. Firms open as many vacancies as necessary to employ the desired number

of workers next period and face quadratic hiring costs or labor adjustment costs κ
2x

2
itnit where κ determines
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the output share of the hiring costs and xit = mit/nit is the hiring rate as in Gertler and Trigari (2009).

Firms also need to decide on the size of the capital service that they need for production. The problem of

the firm with nit currently employed workers consists of choosing capital and vacancies to maximize:

V F (nit) = maxφtYit − withitnit − rkt k
s
it −

κ

2
x2
itnit − Φnit + Etβt,t+1V

F (nit+1) (12)

where φt is the relative price of intermediate goods and Φ denotes job-related overhead costs independent of

the number of hours per worker. The maximization takes place subject to the production function, the law

of motion for aggregate productivity, and the job transition function that links the future number of filled

jobs to the current stock of filled jobs plus net hiring:

nit+1 = (1− σ)nit +mit (13)

By choosing vacancies, the intermediate firm directly controls the total number of hires mit = qtvit since

it knows the vacancy filling rate qt. Letting JF
it denote the Lagrange multiplier on the firm employment

dynamics, optimization with respect to ksi ,mit, nit+1 implies respectively

rkt = φtα
Yit

kst
(14)

JF
it = κxit (15)

JF
it = Etβt,t+1

[
(1− α)φt+1

Yit+1

nit+1
− wit+1hit+1 −

κ

2
x2
it+1 − Φ+ (1− σ)JF

it+1

]
(16)

Equation (14) states that the marginal product of capital equals the real return rate. Equation (15)

shows that the marginal hiring cost (κxit) is equal to the shadow value of employment. Equation (16) states

that the shadow value of employment to the firm is equal to the expected profits, i.e. the expected marginal

product of employment minus expected wage cost minus expected hiring costs plus the continuation value

of employment. By substituting (15) into (16), we obtain the following job creation condition (JCC):

κxit = Etβt,t+1

[
(1− α)φt+1

Yit+1

nit+1
− wit+1hit+1 −

κ

2
x2
it+1 − Φ+ (1− σ)κxit+1

]
(17)

Equation (17) states that the cost of hiring an additional worker equals the marginal benefit that the

additional worker brings into the firm. In the online appendix, we show the optimal conditions for the JCC

for the cases of the linear vacancy costs functional type (Mortensen and Pissarides, 1994) and the quadratic

hiring costs functional type à la Sala et al. (2013).

Effort. Every period, when a firm and a worker meet, they must decide on the allocation of hours and effort

to satisfy demand. It is assumed that both parties bargain the hours/effort decision jointly by minimizing
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labor disutility g(hit, eit) subject to production, yielding the following optimal allocation:

eit = e0h
σh

1+σe
it (18)

where e0 =
(

1+σe

σe

λh

λe

) 1
1+σe . Equilibrium effort is therefore an increasing and convex function of hours worked.

As shown by Barnichon (2010), changes in hours can proxy for changes in effort and the firm production

function can now be rewritten as:

Yit = y0ε
a
t (nith

ϕ
it)

1−α(ksit)
α (19)

where y0 = e1−α
0 and ϕ = 1+ σh

1+σe
. The elasticity of output to hours worked is thus ϕ(1−α). The production

function displays short-run increasing returns to hours when ϕ(1−α) > 1. When facing higher demand, firms

respond by increasing hours and effort, which in turn raises output per hour (measured labor productivity).

To obtain procyclical labor productivity in reaction to demand shocks, we need either the marginal product

of hours and effort (1− α) or the effort elasticity to hours σh/(1 + σe) is sufficiently high as in Lewis et al.

(2019).

Firm’s match surplus. The marginal value to the firm of hiring an additional worker JF
it = ∂V F

it /∂nit

taking xit as given yields:

JF
it = (1− α)φt

Yit

nit
− withit −

κ

2
x2
it − Φ+ (1− σ)Etβt,t+1J

F
it+1 (20)

The marginal value of employment to the firm is equal to the current period profits, i.e., the marginal revenue

product of employment net of wage costs, hiring costs, and overhead costs plus its continuation value.

Worker’s match surplus. Similarly, we define the marginal value of being employed and unemployed

for the worker. The marginal value of employment at the firm i is:

WE
it = withit − εℓt

g(hit, eit)

Λt
+ Etβt,t+1

[
(1− σ)WE

it+1 + σWU
t+1

]
(21)

which states that the marginal value of employment for a worker is given by the real wage bill net of the

disutility of work plus the expected-discounted value from being either employed or unemployed in the

following period. The marginal value of unemployment, WU
t , is given by

WU
t = b+ Etβt,t+1

[
pt+1(1− σ)Wx,t+1 + (1− pt+1(1− σ))WU

t+1

]
(22)

where EtWx,t+1 =
∫ 1

0
WE

it+1
xit+1nit+1

xt+1nt+1
di is the average value of working next period conditional on being a

new worker in t, xit+1nit+1 is total new workers at firm i in the next period and xt+1nt+1 is total new workers

8



at t+ 1. Equation (22) states that the marginal value of unemployment is equal to unemployment benefits

plus the expected discounted value from remaining unemployed or becoming employed. The worker’s match

surplus WH
it , WE

it – WU
t , is:

WH
it = withit − εℓt

g(hit, eit)

Λt
− b+ Etβt,t+1

[
(1− σ)WH

it+1 − pt+1(1− σ)WH
x,t+1

]
(23)

where WH
x,t = Wx,t −WU

t .7

2.4 Retailers and Price Setting

There is a continuum of monopolistically competitive retailers indexed by i on the unit interval. Retailers

purchase intermediate goods from firms and differentiate them with a technology that transforms one unit

of intermediate goods into one unit of retail goods. Retail goods are then used for consumption, government

spending, and investment. Note that the relative price of intermediate goods φt coincides with the real

marginal cost faced by the retailers. Let Yit denote the quantity of output sold by the retailer i. Final goods

can be expressed as an aggregate of individual retail goods:

Yt =

[∫ 1

0

Y

ϵ
p
t −1

ϵ
p
t

it di

] ϵ
p
t

ϵ
p
t −1

(24)

where ϵp > 1 is the demand elasticity and ϵt is an exogenous process for the demand elasticity that translates

into exogenous variations in the price markup. The final good is sold at its unit price Pt =
[∫ 1

0
P

1−ϵpt
it

] 1

1−ϵ
p
t .

The resulting demand for each intermediate good depends on its relative price and aggregate demand:

Yit =

(
Pit

Pt

)−ϵpt

Yt (25)

We assume price stickiness à la Calvo (1983), meaning that in any given period a random fraction of retailers

χ cannot reset their price. The problem of the retailers is to choose Pit to maximize

maxEt

∞∑
s=0

χsβt,t+s

[
Pit

Pt+s
− φt+s

]
Yit+s (26)

subject to the demand function (25). The optimal pricing decision is given by:

∞∑
s=0

χsEt

{
βt,t+sYit+s

[
P ∗
t

Pt+s
− µtφt+s

}
= 0 (27)

where P ∗
t is the optimal price chosen by all price-setters. This implies that forward-looking firms choose the

optimal price such that the time-varying markup µt =
ϵpt

ϵpt−1
. Since price-setters are randomly selected, the

7In symmetric equilibrium, WH
it = WH

x,t.
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law of motion for the aggregate price level is given by:

Pt =
[
χP

1−ϵpt
t−1 + (1− χ)P

∗1−ϵpt
t

]1/(1−ϵpt )

(28)

2.5 Hours and Wage settings

Efficient Nash Bargaining

Hours. In the Efficient Nash Bargaining (EB) hours are determined jointly by the firm and the worker to

maximize the sum of the worker’s surplus WH
it and the firm’s surplus JF

it . The optimal condition for hours

worked implies that the firm’s real marginal cost is:

φt =
1

ϕ(1− α)2Pit
εℓ,t

gh,t
Λt

(29)

where Pit ≡ Yit

nithit
denotes the firm-level labor productivity, gh,t = ∂g(hit)/∂hit is obtained by substituting

equation (19) into labor disutility g(hit, eit), resulting in g(hit), and taking the first derivative of the latter

with respect to hours. Equation (30) shows that movements in real marginal costs are driven by variations

in the marginal rate of substitution between hours and consumption, adjusted for the marginal product

of this worker. In other words, we can express the real marginal cost as the ratio of the marginal rate of

substitution to the marginal product of this worker.8 We provide further details on the derivations in the

online appendix.

Wage Bargaining. Workers and firms bargain over the real wage wit and split the surplus according to

their respective time-varying bargaining weights ηt and (1−ηt) where ηt = ηεwt . Similarly to Christoffel et al.

(2009), the worker’s bargaining power is exogenous and follows an AR(1) process.9 Under Nash bargaining,

the wage is chosen to maximize the joint match surplus (WH
it )

ηt (JF
it )

1−ηt . The optimal condition satisfies

the following sharing rule:

ηtJ
F
it = (1− ηt)W

H
it (30)

where JF
it and WH

it are derived as before. Substituting the definitions of the worker’s and the firm’s surplus,

using the sharing rule leads to the equilibrium real wage:

wNash
it hit = ηt

[
(1− α)φt

Yit

nit
− Φ− κ

2
x2
it

]
+ (1− σ)κxit

[
ηt − (1− ηt)

ηt+1

(1− ηt+1)
)(1− pt+1

]
+ (1− ηt) [b+mrsit]

(31)

8As shown in Christoffel and Linzert (2010), under the EB the bargaining outcome will lie on the contract curve,
i.e., the locus of tangency points of the isoprofit curve of the firm and worker’s indifference curves. Hence, any change
in hours will be accompanied by a corresponding change in wages.

9See also Faccini et al. (2013), Furlanetto and Groshenny (2016), and Langot and Pizzo (2019) among others.
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where mrsit = εℓt
gh,t

Λt
. The real wage is a convex combination of two terms. The first term on the RHS

reflects the surplus to the firm of hiring a new worker: the marginal product of this worker (MPL), minus

overhead costs minus adjustment costs per worker. The second term on the RHS shows the continuation

value of the match. The third term on the RHS reflects the reservation wage: the unemployment benefit

plus the marginal rate of substitution between hours and consumption. The stronger the bargaining power

of the worker, the closer the wage is to the marginal product and vice versa.

Right-to-manage bargaining

Hours. The right-to-manage (RTM) bargaining proposes that workers and firms only bargain over wages

and that firms subsequently determine unilaterally the number of hours per worker in a profit-maximizing

fashion. Therefore, firms take the bargained wage as given when choosing hours. The optimal number of

hours chosen by firms is given by maximizing the firm’s surplus with respect to hours ∂JF
it /∂hit taking wage

as given. This leads to the following optimal condition:

φtϕ(1− α)2Pit = wit (32)

Equation (32) states that in contrast to the Efficient Nash Bargaining, under the RTM, every additional

hour of work will cost the firm the previously bargained wage.

Wage Bargaining. Workers, and firms maximize their joint surplus but they take into account that

each firm sets hours worked optimally according to (32). This leads to the following optimal condition:

ξtδ
w
t J

F
it = (1− ξt)δ

f
t W

H
it (33)

where δwt = ∂WH
it /∂wit is the marginal contribution of wages to the value of a job to the worker and

δft = ∂Jf
it/∂wit is the marginal contribution of the wage to the value of a job to the firm. Replacing the

definitions of the worker’s and the firm’s surplus, using the new sharing rule (33) results in the following

wage equation:

wRTM
it hit = ξt

[
(1− α)φt

Yit

nit
− Φ− κ

2
x2
it

]
+ (1− σ)κxit

[
ξt − (1− ηt)δ

f
t

ξt
ηtδwt

ηt+1δ
w
t+1

(1− ηt+1)δ
f
t+1

(1− pt+1)

]
+ (1− ξt) [b+mrsit]

(34)

where the effective bargaining weight is given by

ξt =
ηtδ

w
t

(1− ηt)δ
f
t + ηtδwt

(35)
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2.6 Wage Rigidity

We introduce wage rigidity à la Hall (2005) into the model in the form of a backward-looking wage norm.10

A wage norm may arise as a result of social conventions that constrain wage adjustment. Allowing for LMIs

that restrain smooth wage adjustment is very important and in line with the features of the Italian labor

market (Devicienti et al., 2007). One way to model this is to assume that the real wage wit is a weighted

average of the Nash bargained wage wNash
it and the wage norm which is assumed to be the wage prevailing

in the previous period:

wt = ρwwt−1 + (1− ρw)w
∗
t (36)

where ρw denotes the degree of wage rigidity in the economy, wt =
∫ 1

0
witdi and w∗

t denotes the EB or RTM

wage.

2.7 Monetary and Fiscal Policy

The central bank’s monetary policy is modeled via a Taylor-type interest rate rule given by:

(Rt/R
∗) = (Rt−1/R

∗)ρr [(πt/π
∗)γπ (Yt/Y

∗)γy ]
1−ρr εR,t (37)

where an asterisk denotes the steady-state values of the associated variables.γπ represents interest rate

smoothing, and γπ and γy govern the response of the monetary authority to deviations of output and

inflation from their steady-state value. εrt denotes a monetary policy shock.

The government budget constraint equates current income (bond issues plus payment of job-related

overhead costs) with current expenditure (government spending, unemployment benefits, lump-sum transfer,

and maturing government bonds):

Φnt +
Bt

RtPt
=

Bt−1

Pt−1
+Gt + but + Tt (38)

Combining the household budget constraint (3), summed over households, with the government budget

constraint (38), we obtain the aggregate accounting identity:

Yt = Ct + It +Gt +
κ

2

∫ 1

0

x2
itnitdi+ a(uk

t )Kt (39)

The model is closed by a set of AR(1) shock processes,

ln εzt = ρz ln ε
z
t−1 + ϵzt with ϵzt ∼ N (0, σz). (40)

10Studies who previously used this wage norm include among others Krause and Lubik (2007), Christoffel and
Linzert (2010), Abbritti and Weber (2010) and Leduc and Liu (2020).
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where z = {b, ℓ, i, a, g,m, p, w}, ρz denotes the persistence and σz is the standard deviation of innovation ϵzt .

We log-linearize the model around its deterministic steady state with balanced growth. The derivation of

the steady state and the log-linearized system of equations are available in the online appendix.

3 Italian Data and Calibration

We calibrate the model to the Italian economy using quarterly data from 1996Q1 to 2018Q4. The beginning

of the dataset is constrained by the availability of data for GDP inflation. We use the following observables

for our baseline model: GDP per capita, real consumption per capita, real investment per capita, real wages

per employee (real compensation of employees divided by the number of employees), inflation (quarter-on-

quarter GDP deflator), nominal interest rate (3-month interest rate), unemployment rate, total employment,

total hours, hours per worker and labor productivity. Data on GDP, consumption, investment real wages,

and nominal interest rate are taken from Eurostat. Data on unemployment come from the Italian National

Institute of Statistics (ISTAT). Finally, data on total employment, total hours worked, and hours per worker

are taken from Ohanian and Raffo (2012).11 Labor productivity is computed as the ratio of output to total

hours. All data are expressed in logarithms, hp(1,600) filtered (Hodrick and Prescott, 1997) and multiplied

by 100 to express them in percentage deviations. For our robustness check, we use data on the vacancy rate

from ISTAT. More details can be found in the appendix A.

Using the HP filter detrended data, we document that the correlation between labor productivity and

output is equal to 0.43, in stark contrast with the Euro area (Lewis et al., 2019).12 Tables 1 and 2 summarize

the Italian stylized facts and cyclical moments generated by our simulation. In the wake of the Great

Recession (GR), Italy has introduced reforms aimed at reducing hiring and firing costs (Pinelli et al., 2017).

It has also gradually shifted from its centrally collective bargaining to a more decentralized bargaining

(D’Amuri and Giorgiantonio, 2015).13

11Ohanian and Raffo (2012) construct data on aggregate hours worked spanning the period 1960-2010 for a sample
of 14 OECD countries. It is extended until 2019 by Dossche et al. (2022).

12Our results are robust across different filterings such as the Bandpass filter (Christiano and Fitzgerald, 2003) and
the fourth difference filters. The Hamilton filter (Hamilton, 2018) predicts countercyclical labor productivity.

13These authors show that firm-level bargaining is associated with innovative managerial practices and a great
share of firms is willing to sign contracts that enable both greater flexibility in labor utilization and higher wages or
employment guarantees for workers.
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Table 1: Changes in LMIs and Business Cycle Fluctuations under EB mechanism.

Variables Data Labor market deregulation
Wage rigidity Hiring costs Bargaining power

Corr(LP,Y) 0.43 0.31 0.03 0.19
Hiring cost - GT σn/σy 0.49 1.02 0.03 0.19

σhpw/σy 0.42 0.62 0.70 0.64
σu/σy 4.25 5.91 9.64 7.43
σπ/σy 0.36 0.36 0.36 0.36
Corr(LP,Y) 0.43 0.65 0.64 0.65

Vacancy cost σn/σy 0.49 0.04 0.14 0.12
σhpw/σy 0.42 0.74 0.72 0.72
σu/σy 4.25 0.42 1.34 1.08
σπ/σy 0.36 0.36 0.37 0.37
Corr(LP,Y) 0.43 0.40 0.12 0.28

Hiring cost - SST σn/σy 0.49 0.63 0.93 0.71
σhpw/σy 0.42 0.64 0.69 0.65
σu/σy 4.25 4.90 8.78 6.71
σπ/σy 0.36 0.36 0.37 0.37

Table 2: Changes in LMIs and Business Cycle Fluctuations under RTM mechanism.

Variables Data Labor market deregulation
Wage rigidity Hiring costs Bargaining power

Corr(LP,Y) 0.43 0.20 -0.33 -0.08
Hiring cost - GT σn/σy 0.49 0.52 1.12 0.21

σhpw/σy 0.42 0.65 0.49 0.91
σu/σy 4.25 4.88 10.53 1.94
σπ/σy 0.36 0.15 0.28 0.22
Corr(LP,Y) 0.43 -0.42 -0.15 -0.19

Vacancy cost σn/σy 0.49 0.02 0.09 0.03
σhpw/σy 0.42 1.13 1.08 1.09
σu/σy 4.25 0.21 0.86 0.29
σπ/σy 0.36 0.15 0.26 0.25
Corr(LP,Y) 0.43 0.08 0.12 0.16

Hiring cost - SST σn/σy 0.49 0.29 0.43 0.15
σhpw/σy 0.42 0.95 0.85 0.93
σu/σy 4.25 2.76 4.01 1.38
σπ/σy 0.36 0.30 0.31 0.26

3.1 Italian Calibration

The calibration of the model is summarized in Table 3. Note that this calibration also forms the basis for

the priors in the Bayesian estimation exercise in Section 4. The discount factor β is set to 0.9926 so that

the steady-state annualized real interest rate is equal to 3%; the capital depreciation rate δ is set to 0.025 to

target a 10% annual depreciation rate of capital, the habit formation λc to 0.7 and the investment adjustment

14



cost parameter to 4.5 (Forni et al., 2010). We set the capital share α to 0.3; the elasticity of demand for retail

goods ϵp to 5 in order to target a steady-state gross price mark-up equal to 1.25 (Annicchiarico et al., 2013).

The capital utilization rate κu is set to 0.5 (Lewis et al., 2019). We normalize the steady state utilization rate

uk
t to unity. The value of the elasticity of labor disutility to hours worked, 1/σh, is a source of controversy

in the literature. We set σh to unity. Our calibration lies between the values favored by the macro literature

which are usually greater than 1 (Di Pace and Villa, 2016), and microeconometric estimates, which tend to

be smaller than 1 (Keane and Rogerson, 2012). The elasticity of labor disutility to effort, σe, is calibrated

to a value within the range found for Italy (see Marchetti et al. 2001; Marchetti and Nucci 2005).14 We set

σe to 0.1 in our baseline to match the cyclicality of labor productivity and we obtain the value of short-run

returns to hours in production (ϕ) equal to 1.9, marginally above the estimate for the Euro area (Lewis

et al., 2019). We normalize steady-state hours h and effort e to unity and we back out the weights on hours

and effort in labor disutility λh and λe from steady-state conditions.

Turning to the labor market, we set the steady-state unemployment rate to 9.6% which is the average

unemployment rate in our sample period. We set the quarterly job separation rate σ to 2.5% to match a

yearly job destruction rate of 10% for Italy (Tealdi, 2019). This value is in line with evidence presented for

OECD countries presented by Hobijn and Şahin (2009). This implies that the quarterly job-finding rate p is

equal to 22%, in line with Peracchi et al. (2004). We target a probability of finding a worker when having

opened a vacancy of q = 0.7, in line with evidence for the Euro area (Christoffel et al., 2009). We set the

elasticity of the matches with respect to unemployment γ to 0.5, a midpoint value in line with Petrongolo

and Pissarides (2001). We also set the bargaining power of the worker ξ to 0.5. The cost of hiring a worker

κ is set to target total hiring costs equal to 1% of output, a value that is consistent with Gertler and Trigari

(2009) and Faccini and Yashiv (2022). The value of the job-related overhead cost Φ is backed out from the

steady state conditions. We set the degree of real wage rigidity ρw to 0.65 in line with the evidence for Italy

presented by Devicienti et al. (2007). We set the Calvo price stickiness parameter χ to 0.66, which amounts

to an average price duration of three quarters (Pietrunti, 2017).

Steady-state output is normalized to unity. Steady-state inflation is set to zero. We set the replacement

rate b/wh to 0.35 (Pappa et al., 2015). The government share in output G/Y is equal to 0.2 which is

the average in our sample. The share of private consumption to output is obtained as a residual. The

monetary policy follows a standard Taylor rule with a long-run response to inflation of γπ = 1.31, with a

long-run response to the output gap of γy = 0.125 and an interest rate smoothing parameter ρR = 0.85 as

in (Christoffel et al., 2009). We calibrate the shock processes to productivity, investment, and labor supply

using estimates by Orsi et al. (2014). We calibrate the shock processes to the risk premium, monetary policy,

and government spending using estimates in Acocella et al. (2020).

14Dossche, Gazzani and Lewis (2022) use a large value σe(350) for the constant-effort model and a low value of
σe(0.2) for the variable-effort model.
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Table 3: Calibrated parameters

Parameter Values Target/Reference

Discount factor β 0.9926 3% risk free rate p.a

Production function parameter α 0.3 Annicchiarico et al. (2013)

Capital depreciation rate δ 0.025 10% depreciation rate p.a

Elasticity of substitution in goods ϵ 5 Annicchiarico et al. (2013)

Returns to hours in labor disutility σh 1 Keane and Rogerson (2012)

Weight on hours in labor disutility λh 0.11 backed out from steady state

Weight on effort in labor disutility λe 0.21 backed out from steady state

Match elasticity γ 0.5 Petrongolo and Pissarides (2001)

Worker’s bargaining weight η 0.5 Petrongolo and Pissarides (2001)

Separation rate σ 0.025 Tealdi (2019)

Hiring cost κ κv/Y = 1% Gertler and Trigari (2009)

Replacement rate b/(wh) 0.35 Pappa, Sajedi and Vella (2015)

Job-related overhead costs Φ -0.06 backed out from steady state

Steady-state unemployment rate u 9.6% Data

Steady-state job finding rate p 0.22 Peracchi, Viviano et al. (2004)

Steady-state vacancy filling rate q 0.7 various studies

Government spending share G/Y 0.20 Data

4 Labor Market Institutions and Macroeconomic Dynamics

LMIs are complex to measure, multi-faceted, and are usually defined using numerous indices.15 For this

reason, we introduce some modeling assumptions that enable us to map labor market frictions with Italian

labor market rigidities. We distinguish between two types of labor market rigidities as in Abbritti and Weber

(2010). First, we model unemployment rigidities through parameters that capture hiring costs and labor

market flows. These parameters drive incentives for job creation and job destruction in our economy. Second,

we introduce real wage rigidities through (i) the EB and RTM mechanisms which characterize distinct degrees

of centralization and coordination in the collective bargaining process; (ii) a wage stickiness parameter that

captures the degree of real wage adjustment in Italy; and (iii) the bargaining power parameter that captures

the strength of unions in our economy. We conduct counterfactuals on key parameters capturing labor market

deregulation in wage rigidity, hiring costs, and the bargaining power of workers. We allow for the interaction

of labor market rigidities in our simulation, which is crucial for determining macroeconomic outcomes (see,

e.g., Messina et al. 2010; Fabiani et al. 2010).

15In the data, Gnocchi et al. (2015) build proxies of wage bargaining, the strength of unions, and employment
protection institutions from a combination of several indices.
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We use the calibrated version of the model for counterfactual analysis. To identify the impact of labor

market reforms, we vary the parameter characterizing the selected labor market policy and we let the steady

state be affected by parameter changes and the propagation of all shocks.16 We prefer the calibrated over

the estimated version of the model for two main reasons: First, the calibrated version involves changing

only one parameter at a time. Second, the calibrated model is parsimoniously parameterized which makes

it easier to explain the changes in dynamics triggered by the counterfactuals. We account for various labor

market reforms as discussed in the literature.17

4.1 Structural Reforms in the Labor Market and Model Dynamics

In the following, we conduct counterfactuals on key parameters that characterize labor market deregulation

in wage rigidity, hiring costs, and the bargaining power of workers when our baseline model is simulated

under the interaction of the EB and RTM mechanisms and hiring costs à la Gertler and Trigari (2009).

We present the responses of selected variables in reaction to the demand shock (monetary policy) and the

technology shock.18

Figure (1) shows the responses of selected variables to an expansionary monetary policy shock under the

EB and RTM mechanisms and various degrees of wage rigidity. The baseline response is always shown as

a blue solid line. The red solid line shows the reactions of variables when real wages are negotiated every

two quarters (ρw = 0.5) while the black dashed line displays the case of fully flexible real wages (ρw = 0).

All other parameters remain at their values in the baseline. Figure (1a) exhibits the responses of selected

variables under the EB mechanism. An expansionary monetary policy shock triggers a fall in the nominal

interest rate and a rise in output and inflation. Producing more output requires more factor inputs. Since

employment and capital stock are predetermined, firms react by increasing hours and effort in the short run

which then boosts labor productivity. Higher hours and effort lead firms to post more vacancies and hire

additional workers. Hence, real wages and employment increase while unemployment falls. The increase

in real wages is higher on impact under the case of the fully flexible real wage. This triggers a shift in

the adjustment from the intensive to the extensive margin occasioning large increases in employment and

vacancies and falls in hours, effort, and unemployment. The rise in real wages does not affect inflation

under the EB mechanism. Figure (1b) shows the responses of selected variables under the RTM mechanism.

Here, changes in real wages directly affect inflation. Moreover, labor productivity is now countercyclical

16Following Christoffel et al. (2009), we simulate a version of our model that does not include the wage bargaining
shock. This is equivalent to muting the wage bargaining shock by setting its variance equal to zero in a model with
the wage bargaining shock.

17In the literature, there exist various ways to model labor market reforms. E.g., a reduction in wage rigidity
(Christoffel and Linzert 2010), a decrease in hiring costs (Christoffel et al. 2009, Barnichon 2010), a decline in the
bargaining power of workers (Blanchard and Giavazzi 2003; Lombardi, Riggi and Viviano 2020; Carluccio and Bas
2015), an increase in job-finding and separation rates (Abbritti and Mueller 2013), a fall in firing costs (Zanetti 2011,
Cacciatore and Fiori 2016).

18We have the impulse responses in reaction to all shocks included in the simulation. For the sake of exposition,
we only show the responses to the monetary policy shock and the technology shock.

17



conditional on the demand shock regardless of the degree of wage rigidity. Though the responses of the

remaining variables are similar to the EB mechanism, the shock affects labor market dynamics differently.

Figure (2) shows the responses of selected variables to an expansionary technology shock under the EB

and RTM mechanisms and various degrees of wage rigidity. Figure (2a) exhibits the responses of selected

variables under the EB mechanism. An exogenous improvement in the firm’s production technology increases

output and drops inflation. Though production increases, aggregate demand cannot follow in the short run

since prices are sticky. Hence, to meet their demand in the short run, firms temporarily reduce hours and

effort and labor productivity responds in a procyclical fashion. Since the marginal worker is more productive,

real wages increase and firms post more vacancies to hire additional workers and unemployment falls. The rise

in real wages is higher under the case of the fully flexible real wage which generates significant differences in

the responses of labor market variables. The response of labor productivity is always procyclical regardless

of the degree of wage rigidity. Figure (2b) displays the responses of selected variables under the RTM

mechanism. Apart from the direct effect on inflation triggered by real wage changes, the responses of labor

market variables are similar to the EB mechanism.

Figure (3) shows the responses of selected variables to an expansionary monetary policy shock under the

EB and RTM mechanisms and various scenarios of unemployment rigidities. The red solid line shows the

responses of variables when hiring costs (κ) are reduced to 1/3 of their size in the baseline. The black dashed

line corresponds to a scenario with higher labor market flows, higher separation σ, and higher job-finding

p rates. All other parameters remain at their values in the baseline. Figure (3a) displays the responses of

selected variables under the EB mechanism. A reduction in unemployment rigidities (a fall in hiring costs and

an increase in labor market flows) produces almost the same responses of labor market variables and labor

productivity responds in a procyclical fashion under both scenarios. Nonetheless, there are a few differences.

As expected, a rise in labor market flows triggers a much larger fall in unemployment than the alternative

scenarios. In contrast, a fall in hiring costs generates a larger rise in vacancies and employment (in the

medium run) than the alternative scenarios. Figure (3b) exhibits the responses of selected variables under

the RTM mechanism. A fall in hiring costs triggers much higher increases in hours, effort, employment,

and vacancies and an important fall in unemployment than the baseline scenario. The labor market effects

of a reduction in unemployment rigidities are similar to the EB mechanism. Nevertheless, we find that an

increase in labor market flows results in a much higher increase in employment and a substantial drop in

unemployment. Labor productivity responds always in a countercyclical fashion under all scenarios.

Figure (4) displays the responses of selected variables to a positive technology shock under the EB and

RTM mechanisms and various degrees of unemployment rigidities. Figure (4a) presents the responses of

selected variables under the EB mechanism. A fall in hiring costs triggers a larger rise in employment and

vacancies, and a greater fall in hours and effort than the alternative scenario. In contrast, an increase in

labor market flows triggers a larger drop in unemployment. Labor productivity increases under all scenarios.

18



2
4

6
8

10
12

0

0.
2

0.
4

0.
6

2
4

6
8

10
12

0

0.
1

0.
2

0.
3

2
4

6
8

10
12

0.
1

0.
2

0.
3

2
4

6
8

10
12

0

0.
2

0.
4

2
4

6
8

10
12

0

0.
2

0.
4

2
4

6
8

10
12

0

0.
2

0.
4

2
4

6
8

10
12

0

0.
050.
1

0.
15

2
4

6
8

10
12

-3-2-10

2
4

6
8

10
12

01020

(a
)

R
es

p
on

se
s

to
a

m
on

et
ar

y
p
ol

ic
y

sh
oc

k:
w

ag
e

ri
gi

d
it
y-

E
B

.

2
4

6
8

10
12

0

0.
2

0.
4

0.
6

2
4

6
8

10
12

0

0.
1

0.
2

2
4

6
8

10
12

0.
2

0.
4

0.
6

2
4

6
8

10
12

0

0.
1

0.
2

0.
3

2
4

6
8

10
12

0

0.
2

0.
4

0.
6

2
4

6
8

10
12

0

0.
050.

1

0.
15

2
4

6
8

10
12

-0
.1

-0
.0

50

0.
05

2
4

6
8

10
12

-2-10

2
4

6
8

10
12

051015

(b
)

R
es

p
on

se
s

to
a

m
on

et
ar

y
p
ol

ic
y

sh
oc

k:
w

ag
e

ri
gi

d
it
y-

R
T

M
.

F
ig

ur
e

1:
Im

p
u
ls

e
re

sp
on

se
s

to
an

ex
p
an

si
on

ar
y

m
on

et
ar

y
p
ol

ic
y

sh
oc

k:
re

al
w

ag
e

ri
gi

d
it
y.

N
ot

es
.

Im
pu

ls
e

re
sp

on
se

s
ar

e
m

ea
su

re
d

as
pe

rc
en

ta
ge

de
vi

at
io

ns
fr

om
st

ea
dy

st
at

e.
T

he
bl

ue
da

sh
ed

lin
e

m
ar

ks
th

e
ca

lib
ra

te
d

m
od

el
.

T
he

re
d

so
lid

lin
es

co
rr

es
po

nd
to

an
in

te
rm

ed
ia

te
de

gr
ee

of
w

ag
e

ri
gi

di
ty

(ρ
w
=

0.
5)

.
T

he
bl

ac
k

da
sh

ed
lin

e
sh

ow
s

th
e

ca
se

of
no

w
ag

e
ri

gi
di

ty
(ρ

w
=

0
).

19



2
4

6
8

10
12

0

0.
51

1.
5

2
4

6
8

10
12

-0
.7

-0
.6

-0
.5

-0
.4

2
4

6
8

10
12

0.
2

0.
4

0.
6

2
4

6
8

10
12

0

0.
51

1.
5

2
4

6
8

10
12

-1

-0
.8

-0
.6

2
4

6
8

10
12

-0
.8

-0
.6

-0
.4

2
4

6
8

10
12

0.
6

0.
81

2
4

6
8

10
12

-1
5

-1
0-50

2
4

6
8

10
12

1020304050

(a
)

R
es

p
on

se
s

to
a

te
ch

n
ol

og
y

sh
oc

k:
w

ag
e

ri
gi

d
it
y-

E
B

.

2
4

6
8

10
12

012

2
4

6
8

10
12

-1

-0
.8

-0
.6

2
4

6
8

10
12

0.
2

0.
4

0.
6

0.
81

2
4

6
8

10
12

0.
51

1.
5

2
4

6
8

10
12

-1
.5-1

-0
.5

2
4

6
8

10
12

-0
.3

-0
.2

-0
.1

2
4

6
8

10
12

1

1.
2

1.
4

2
4

6
8

10
12

-1
5

-1
0-50

2
4

6
8

10
12

20253035

(b
)

R
es

p
on

se
s

to
a

te
ch

n
ol

og
y

sh
oc

k:
w

ag
e

ri
gi

d
it
y-

R
T

M
.

F
ig

ur
e

2:
Im

p
u
ls

e
re

sp
on

se
s
to

an
ex

p
an

si
on

ar
y

te
ch

n
ol

og
y

sh
oc

k:
re

al
w

ag
e

ri
gi

d
it
y.

N
ot

es
.

Im
pu

ls
e

re
sp

on
se

s
ar

e
m

ea
su

re
d

as
pe

rc
en

ta
ge

de
vi

at
io

n
fr

om
st

ea
dy

st
at

e.
T

he
bl

ue
da

sh
ed

lin
e

m
ar

ks
th

e
ca

lib
ra

te
d

m
od

el
.

T
he

re
d

so
lid

lin
e

co
rr

es
po

nd
s

to
an

in
te

rm
ed

ia
te

de
gr

ee
of

RW
R

(ρ
w
=

0.
5)

.
T

he
bl

ac
k

da
sh

ed
lin

e
sh

ow
s

th
e

ca
se

of
no

RW
R

(ρ
w
=

0
).

20



Figure (4b) presents the responses of selected variables under the RTM mechanism. Similarly, a fall in

hiring costs triggers a much larger increase in vacancies than in alternative scenarios. Again, an increase in

labor market flows generates a greater drop in the unemployment rate compared to alternative scenarios.

Except for the direct inflation effect, the responses of the remaining labor market variables are similar to

the case of the EB mechanism.

Figure (5) displays the responses of selected variables to an expansionary monetary policy shock under

the EB and RTM mechanisms and various degrees of the bargaining power of workers. The blue line shows

the baseline scenario where both workers and firms have the equal bargaining power of the employment

match surplus (η, ξ = 0.5). The red solid line exhibits the scenario where workers enjoy an increase in

their bargaining power of the match surplus (η, ξ = 0.7). The black dashed line displays the scenario where

workers face a fall in their bargaining power of the match surplus (η, ξ = 0.2). The remaining parameters

remain at their values in the baseline. Figure (5a) presents the responses of selected variables under the EB

mechanism. A fall in the bargaining power of workers triggers a much higher fall in real wages which in turn

causes a much higher increase in employment and vacancies, a small increase in hours and effort, and a larger

decrease in the unemployment rate than under the alternative scenario. The response of labor productivity

is procyclical under all scenarios. A higher degree of the bargaining power of workers generates opposite

effects. Figure (5b) presents the responses of selected variables under the RTM mechanism. A drop in the

bargaining power of workers triggers a much less rise in hours, effort, and real wages. The latter directly

translates into a less significant increase in inflation and output than the alternative scenarios. The responses

of the remaining labor market variables are similar to the case of the EB mechanism. Labor productivity is

countercyclical under all the scenarios.

Figure (6) shows the responses of selected variables to an expansionary technology shock under the

EB and RTM mechanisms and various degrees of the bargaining power of workers. Figure (6a) shows the

responses of selected variables under the EB mechanism. A decline in the bargaining power of workers coupled

with an improvement in the firm’s production technology generates an increase in the marginal product of

employment for workers which causes a moderate rise in real wages, employment, and vacancies, a larger

increase in hours and effort, and a smaller drop in unemployment than under the alternative scenarios. The

response of labor productivity is procyclical under all scenarios. An improvement in the bargaining power

of workers has opposite effects. Figure (6b) displays the responses of selected variables under the RTM

mechanism. A fall in the bargaining power of workers triggers a much lower rise in real wages than the

alternative scenario in the medium run. This shifts adjustment from the intensive margin (hours and effort

fall) to the extensive margin as firms post more vacancies and hire new workers, leading to a larger rise in

employment and a greater fall in the unemployment rate in the medium run than the alternative scenario.

The slow rise in real wages triggers a smaller fall in inflation and a smaller increase in output in the medium

run. Labor productivity is strongly procyclical under all scenarios.
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4.2 Labor Market Reforms and Business Cycle Moments

In this section, we analyze to what extent labor market deregulation affects the cyclicality of labor

productivity and cyclical moments under the interaction of the EB and RTM mechanisms and three functional

types of hiring costs. We perform a simulation exercise where we vary key parameters characterizing labor

market deregulation: we vary (i) ρw on a grid between 0.01 and 1 to capture a continuum going from a lower

to a higher degree of wage rigidity; (ii) κ on a grid between 1/4 of their steady-state size and their actual

steady-state size to capture a continuum going from a fall to a rise in hiring costs; (iii) η, ξ on a grid between

0.2 and 0.7 to capture a continuum going from a fall to a rise in the bargaining power of workers. Following

Dossche et al. (2022), to show the differences related to the effort margin, we also vary the value of τ on a

grid between 0.1 and 5 to capture a continuum going from a variable-effort economy (red solid lines) to a

constant-effort economy (blue dashed lines).

Cyclicality of labor productivity. Figure (7) displays the cyclicality of labor productivity

(productivity) in reaction to labor market deregulation under the EB and RTM mechanisms and three

functional types of hiring costs. Figure (7a) exhibits the cyclicality of productivity under the interaction of

the EB mechanism and three functional types of hiring costs. Figure (7b) shows the cyclicality of productivity

under the interaction of the RTM mechanism and three functional types of hiring costs. The first row in

figures (7a)-(7b) reports the evolution of the cyclicality of productivity when we simulate our model with

hiring costs à la GT. The second row shows the evolution of the cyclicality of productivity when we simulate

our model with standard linear vacancy costs à la Mortensen and Pissarides (1994). The third row shows

how the cyclicality of productivity evolves when we consider hiring costs à la SST. The first, second, and

third columns in figures (7a)-(7b) present respectively the cyclicality of productivity by each type of labor

market deregulation (wage rigidity, hiring costs and bargaining power of workers). For the sake of space, we

only discuss the simulation outcomes for the variable-effort model.

Tables 1-2 compare the cyclical moments triggered by labor market regulation under the aforementioned

interaction. Under the EB mechanism, when we simulate our model with the three types of hiring costs,

we find that labor market policies generate procyclical productivity. In particular, when we simulate our

model with hiring costs à la Sala et al. (2013), a fall in wage rigidity generates procyclical productivity (0.40)

which matches well with the data. Under the RTM mechanism, when we simulate our model with the three

types of hiring costs, labor market deregulation triggers either countercyclical or weakly procyclical labor

productivity. More specifically, when the RTM mechanism interacts with hiring costs à la Gertler and Trigari

(2009), a decrease in the degree of wage rigidity generates procyclical productivity while the remaining labor

market policies trigger countercyclical productivity. When we simulate our model with linear vacancy costs,

labor market deregulation generates countercyclical productivity. Finally, when we simulate our model with

hiring costs à la Sala et al. (2013), labor market policies trigger weakly procyclical productivity.

Figure (8) shows the evolution of cyclical moments when our model is simulated under the interaction
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of the EB and RTM mechanisms and hiring costs à la GT. The rows in figures (8a)-(8b) present respectively

the relative volatility of labor market outcomes (employment, hours, unemployment) and inflation. The

columns in figures (8a)-(8b) display respectively the results according to each labor market policy (wage

rigidity, hiring costs, and bargaining power of workers). For the sake of space, in what follows we only

discuss the results of the variable-effort model. Figure (8a) shows the evolution of cyclical moments under

the EB mechanism. When we simulate our model with post-match hiring costs, an increase in wage rigidity

and in the bargaining power of workers increases the volatility of labor market variables (unemployment,

hours, and employment). An increase in hiring costs decreases the volatility of labor market variables. Labor

market policies trigger do not alter the inflation volatility but they match well the inflation volatility in the

data. Figure (8b) presents the evolution of cyclical moments under the RTM mechanism. We find that

an increase in wage rigidity and in hiring costs increases the volatility of unemployment, employment, and

inflation. An increase in wage rigidity drops the volatility of hours while a rise in hiring costs does not

alter the volatility of hours. An increase in the bargaining power of workers does not alter the volatility

of unemployment and employment, reduces the volatility of hours, and increases inflation volatility. An

increase in wage rigidity generates the volatility of unemployment (4.88) and inflation (0.30) which match

well with the data.

Figure (9) presents the evolution of cyclical moments under the interaction of the EB and RTM

mechanisms and linear vacancy costs. The rows in figures (9a)-(9b) show the volatility of labor market

outcomes and inflation respectively. The columns in figures (9a)-(9b) present the results according to each

labor market policy (wage rigidity, hiring costs, and bargaining power of workers) respectively. Figure (9a)

presents the evolution of the cyclical moments under the EB mechanism. We show that an increase in wage

rigidity increases the volatility of employment and unemployment volatility. An increase in hiring costs

and in the bargaining power of workers decreases employment and unemployment volatility. LMIs do not

alter the volatility of hours and inflation. Figure (9b) exhibits the dynamics of the cyclical moments under

the RTM mechanism. We find that an increase in wage rigidity increases the volatility of employment and

unemployment, and inflation but drops the volatility of hours. A rise in hiring costs and in the bargaining

power of workers decreases the volatility of employment, unemployment, hours, and inflation.

Figure (10) displays the evolution of the cyclical moments under the interaction of the EB and RTM

mechanisms and hiring costs à la Sala et al. (2013). The rows in figures (10a)-(10b) show the volatility of labor

market outcomes and inflation respectively. The columns in figures (10a)-(10b) present the results according

to each labor market policy (wage rigidity, hiring costs, and bargaining power of workers) respectively. Figure

(10a) presents the cyclical moments under the EB mechanism. We find that an increase in wage rigidity

increases the volatility of employment and unemployment. An increase in hiring costs and in the bargaining

power of workers decreases the volatility of employment and unemployment. An increase in wage rigidity and

in the bargaining power of workers increases the volatility of hours while a rise in hiring costs does not alter

its volatility. Labor market policies do not change the volatility of inflation. Figure (10b) displays the cyclical
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moments under the RTM mechanism. We find that an increase in wage rigidity increases unemployment

volatility but reduces the volatility of hours, unemployment, and inflation. An increase in hiring costs reduces

the volatility of employment, unemployment, and inflation but rises the volatility of hours. An increase in

the bargaining power of workers does not alter the volatility of employment and unemployment, reduces the

volatility of hours, and increases inflation volatility.

5 The Role of Labor Market Shocks – a Bayesian Estimation

5.1 Data and Priors

So far, we have analyzed to what extent permanent changes in LMIs affect labor market dynamics in reaction

to demand and technology shocks. In this section, we examine whether shocks are important sources of

fluctuations in Italian labor productivity. For this purpose, we estimate the resulting models using Bayesian

techniques (see An and Schorfheide (2007) for a detailed discussion on Bayesian estimation). We estimate

two models where the EB or RTM mechanism interacts with hiring costs à la Sala et al. (2013). The latter

has the advantage of nesting pre-match and post-match hiring costs. We obtain the posterior distributions

of parameters by combining the likelihood function from our log-linearized model and the prior distribution

of parameters.19

Data. The model is estimated using quarterly Italian data running from 1996Q1 to 2018Q4. Our baseline

model includes the following observables: real GDP per capita, real investment per capita, real consumption

per capita, the nominal interest rate, inflation, wages per employee, the unemployment rate, and total hours.

The inflation rate is measured as the quarter-to-quarter GDP deflator and the nominal interest rate

is in percentage points. All variables, except the interest rate, are expressed in logs. They are then

filtered using the one-sided HP filter (Stock and Watson, 1999) and multiplied by 100 to express them

in percentage deviations. The estimated model includes shocks to the neutral technology, the risk premium,

the investment-specific technology, the government consumption, the price markup, the labor supply, and

the wage bargaining.

Priors. We keep some parameters fixed to their calibrated values before we estimate our model (see

section 3.1). Our priors, summarized in Table 4, are standard (Smets and Wouters 2007, Gertler et al. 2008,

Sala et al. 2013). We set the prior mean of the returns to hours parameter, ϕ, to 1.5 and we let its standard

deviation account for both decreasing and increasing returns to hours in production, as in Lewis et al. (2019)

for the Euro area.

19The posterior means are computed using two chains of the Random Walk Metropolis-Hasting (RWMH) algorithm
for which we generate 300,000 draws and we discard the first half of them. We estimate our models using the Dynare
toolbox version 4.5.7 (Adjemian et al., 2011).
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Estimation results. Table 5 compares the results of our estimation for the EB and RTM models. Since

most estimates are in line with the previous literature, we mainly discuss the parameters most relevant to

our research question. Effort plays a crucial role in the Italian business cycle regardless of the bargaining

mechanisms. We do not find substantial differences in the use of effort between the EB and RTM models.

The posterior mean of the returns to hours ϕ is 1.43 for the EB model and 1.48 for the RTM model. Given

these estimates and the calibrated value of σh, the curvature of the effort disutility function, σe, is equal

to 1.33 for the EB model and 1.08 for the RTM model. Lewis et al. (2019) estimate a value of 1.74 for

the Euro area which implies a value of 0.35 for the curvature of the effort disutility function. This outcome

predicts that the Euro area business cycle features a greater use of the effort margin than Italy. This explains

the strongly procyclical productivity for the Euro area compared to Italy. We find great differences in the

estimate of the steady-state bargaining power between the EB and RTM models. The posterior mean of

the bargaining power of workers η is equal to 0.37 for the EB model while the effective bargaining power

of workers ξ is estimated at 0.34 for the RTM model. This result suggests that the bargaining power of

workers has weakened in Italy and is in line with empirical evidence for Italy (see Lombardi et al. 2020).

We find stark differences in the estimate of the weight on pre-match hiring costs ηq between the EB and

RTM mechanisms. Recall that when ηq = 0 only training costs in new hires are present, ηq = 2 all weight is

assigned to recruitment costs, and ηq = 1 there is an equal weight of the two costs. The posterior mean of

ηq is 0.67 for the EB model and 0.46 for the RTM model. Our results show that post-match training costs

are more important than pre-matching recruitment costs in Italy, in line with Del Boca and Rota (1998).

Finally, we document large differences in the estimates of wage stickiness ρw between the EB and RTM

mechanisms. The posterior mean of the parameter of real wage wage adjustment is 0.22 for the EB model

and 0.55 for the RTM model, thereby suggesting that the latter is in line with evidence for Italy (Devicienti

et al., 2007). Table 5 compares the results of the variance decomposition of selected variables from the

estimated models across different horizons. We find that the investment shock is the dominant source of

business cycle fluctuations in the long run. In the short run, most of the cyclical fluctuations in labor and

macroeconomic variables are driven by demand shocks (risk premium, monetary), price markup shocks, and

technology shocks. Fluctuations in output are mainly driven by the risk premium shock in the short run and

the investment shock in the long run. The wage bargaining shock explains a sizable share of fluctuations in

employment in the short run for the EB model only but its role remains limited, in line with previous results

in the literature (Sala et al., 2013,Furlanetto and Groshenny, 2016). Labor productivity is mainly driven by

technology shocks in the EB and RTM models.

We have also evaluated the robustness of our empirical results by considering two extensions: the drivers

of labor productivity after 2000s and the role of additional labor market shocks. Our main results are

confirmed and technology shocks remain the main driving forces of labor productivity. See more details in

the appendix B.
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Table 4: Priors and posteriors of structural parameters: EB and RTM with hiring costs à la SST.

Parameter EB RTM
Structural
Returns to hours ϕ N(1.5, 0.1) 1.43 1.48

[1.36, 1.51] [1.38, 1.60]
Habit consumption λc B(0.5, 0.15) 0.45 0.54

[0.37, 0.54] [0.46, 0.62]
Capital utilization κu B(0.3, 0.1) 0.21 0.24

[0.14, 0.27] [0.13, 0.36]
Investment adj. costs κi G(4.5, 0.15) 4.62 4.28

[4.52, 4.74] [4.13, 4.47]
Price stickiness χ G (0.66, 0.1) 0.75 0.67

[0.67, 0.83] [0.55, 0.80]
Steady-state bargaining power η, ξ B(0.5, 0.2) 0.37 0.34

[0.26, 0.48] [0.23, 0.43]
Steady-state price markup ϵp N(0.8, 0.05) 0.80 0.79

[0.76, 0.83] [0.72, 0.86]
Weight on hiring costs ηq G(0.49, 1.20) 0.67 0.46

[0.51, 0.82] [0.29, 0.66]
Wage stickiness ρw B(0.6, 0.15) 0.22 0.55

[0.17, 0.27] [0.41, 0.68]
Inflation - Taylor rule τπ N(1.5, 0.1) 1.54 1.54

[1.41, 1.67] [1.47, 1.62]
Output gap - Taylor rule τy N(0.125, 0.05) 0.17 0.18

[0.12, 0.23] [0.14, 0.23]
Interest rate smoothing ρr B(0.85, 0.05) 0.82 0.84

[0.80, 0.85] [0.81, 0.87]
Autoregressive parameters
Technology ρa B(0.5, 0.15) 0.57 0.54

[0.47, 0.67] [0.46, 0.63]
Risk premium ρb B(0.5, 0.15) 0.28 0.26

[0.22, 0.34] [0.19, 0.33]
Government ρg B(0.5, 0.15) 0.73 0.75

[0.66, 0.81] [0.67, 0.84]
Bargaining ρw B(0.5, 0.15) 0.64 0.41

[0.51, 0.76] [0.30, 0.54]
Investment ρi B(0.5, 0.15) 0.98 0.96

[0.97, 0.99] [0.94, 0.99]
Price markup ρp B(0.5, 0.15) 0.50 0.60

[0.43, 0.56] [0.51, 0.70]
Labor supply ρh B(0.5, 0.15) 0.60 0.39

[0.53, 0.67] [0.24, 0.53]
Monetary ρm B(0.5, 0.15) 0.46 0.49

[0.39, 0.52] [0.41, 0.58]
Standard deviations of innovations
Technology σa IG(0.10, 3) 0.01 0.01

[0.012, 0.013] [0.012, 0.013]
Risk premium σm IG(0.10, 3) 0.01 0.01

[0.012, 0.014] [0.012, 0.014]
Government σg IG(0.10, 3) 0.02 0.02

[0.017, 0.022] [0.018, 0.022]
Bargaining σw IG(0.10, 3) 0.02 0.07

[0.017, 0.028] [0.022, 0.121]
Investment σi IG(0.10, 3) 0.02 0.02

[0.014, 0.021] [0.014, 0.022]
Price markup σc IG(0.10, 3) 0.02 0.02

[0.017, 0.023] [0.013, 0.019]
Labor supply σh IG(0.10, 3) 0.02 0.03

[0.015, 0.020] [0.021, 0.035]
Monetary σh IG(0.01, 3) 0.001 0.001

[0.001, 0.002] [0.001, 0.002]
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Table 5: Forecast error variance decomposition.

Horizon Technology Risk premium Government Lab. Supply Investment Bargaining Price markup Monetary

EB model

Output 2 13 41 3 8 5 0 12 18
10 14 15 1 10 41 0 10 10
LR 4 4 0 3 83 0 3 3

Inflation 2 24 16 0 15 10 0 16 20
10 18 13 0 12 28 0 13 16
LR 6 5 0 4 75 0 4 5

Wages 2 1 36 0 34 3 8 6 11
10 4 30 0 32 4 12 8 11
LR 1 6 0 6 81 2 2 2

Total hours 2 19 34 2 9 6 1 13 17
10 10 13 1 11 41 2 12 10
LR 7 9 1 8 59 1 9 7

Employment 2 5 0 0 7 10 26 30 22
10 6 1 0 8 52 13 13 1
LR 1 0 0 2 89 3 3 1

Hours per worker 2 24 42 3 7 3 1 7 13
10 21 36 3 9 7 5 7 12
LR 6 10 1 3 73 2 2 4

Productivity 2 98 1 0 0 0 1 0 0
10 91 2 0 1 1 4 1 0
LR 15 0 0 0 83 1 0 0

RTM model

Output 2 11 41 3 5 5 1 12 24
10 12 15 1 6 40 1 13 13
LR 4 5 0 2 79 0 5 4

Inflation 2 27 6 0 11 12 1 25 18
10 18 5 0 8 36 1 17 14
LR 7 2 0 3 75 0 7 5

Wages 2 1 32 0 42 2 5 5 13
10 4 26 0 35 3 4 11 16
LR 2 8 0 10 71 1 4 10

Total hours 2 20 35 3 5 5 1 11 21
10 11 17 1 7 36 1 15 14
LR 8 12 1 5 54 1 10 10

Employment 2 3 8 0 1 20 0 35 32
10 5 1 0 2 64 0 19 8
LR 1 0 0 1 91 0 5 2

Hours per worker 2 24 39 3 5 3 1 7 19
10 20 33 2 9 8 1 10 18
LR 10 15 1 4 55 1 5 9

Productivity 2 95 2 0 0 0 0 1 1
10 91 2 0 1 2 0 2 2
LR 23 15 1 4 55 1 5 9
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6 Conclusion

This paper first analyzes how labor market deregulation affects the cyclicality of Italian labor productivity

and cyclical moments when two distinct wage bargaining mechanisms (efficient Nash and right-to-manage

bargaining) interact with three functional types of hiring costs in a New Keynesian model that features

labor market frictions and labor effort. Second, it measures the role of shocks including labor market shocks,

as sources of fluctuations in Italian labor productivity by estimating the resulting model with Bayesian

estimation using Italian data. Depending on the interaction, our results show that when effort varies,

labor market deregulation modeled as a fall in wage rigidity, hiring costs, and the bargaining power of

workers can generate either procyclical or countercyclical labor productivity and have different effects on

cyclical moments. We find that fluctuations in Italian labor productivity are mainly explained by technology

shocks. An important yet challenging future task will be for instance to introduce automation in the current

framework and to analyze how the interplay between labor market institutions and automation influences

the cyclicality of labor productivity and cyclical fluctuations.

Acknowledgements

We thank Steve Ambler, Francesco Furlanetto, François Langot, Marco Lorusso, Jean-Paul Tsasa, and

Francesco Ravazzolo for their thoughtful comments and suggestions. We also thank participants at various

conferences, workshops, and webinars for valuable suggestions. Josué Diwambuena gratefully acknowledges

financial support from the Free University of Bozen-Bolzano Ph.D. Fellowship during the duration of Ph.D.

studies and the CREEi research chair for the postdoctoral fellowship.

36



References

Abbritti, M., Mueller, A.I., 2013. Asymmetric labor market institutions in the emu and the volatility of

inflation and unemployment differentials. Journal of Money, Credit and Banking 45, 1165–1186.

Abbritti, M., Weber, S., 2010. Labor market institutions and the business cycle: Unemployment rigidities

vs. real wage rigidities .

Abbritti, M., Weber, S., 2018. Reassessing the role of labor market institutions for the business cycle. 52nd

issue (January 2018) of the International Journal of Central Banking .

Abel, A.B., 1990. Asset prices under habit formation and catching up with the joneses. The American

Economic Review 80, 38–42.

Acocella, N., Beqiraj, E., Di Bartolomeo, G., Di Pietro, M., Felici, F., Alleva, G., Di Dio, F., Liseo, B., 2020.

A stochastic estimated version of the italian dynamic general equilibrium model. Economic Modelling 92,

339–357.

Adjemian, S., Bastani, H., Juillard, M., Mihoubi, F., Perendia, G., Ratto, M., Villemot, S., 2011. Dynare:

Reference manual, version 4 .

An, S., Schorfheide, F., 2007. Bayesian analysis of DSGE models. Econometric reviews 26, 113–172.

Andolfatto, D., 1996. Business cycles and labor-market search. The american economic review , 112–132.

Annicchiarico, B., Di Dio, F., Felici, F., Monteforte, L., 2013. Igem: A dynamic general equilibrium model

for italy. Government of the Italian Republic (Italy), Ministry of Economy and Finance, Department of

the Treasury Working Paper .

Barnichon, R., 2010. Productivity and unemployment over the business cycle. Journal of Monetary

Economics 57, 1013–1025.

Bentolila, S., Cahuc, P., Dolado, J.J., Le Barbanchon, T., 2012. Two-tier labour markets in the great

recession: France versus spain. The economic journal 122, F155–F187.

Bils, M., Cho, J.O., 1994. Cyclical factor utilization. Journal of Monetary Economics 33, 319–354.

Blanchard, O., Giavazzi, F., 2003. Macroeconomic effects of regulation and deregulation in goods and labor

markets. The Quarterly journal of economics 118, 879–907.

Blanchard, O., Wolfers, J., 2000. The role of shocks and institutions in the rise of european unemployment:

the aggregate evidence. The Economic Journal 110, C1–C33.

37



Boeri, T., Cahuc, P., Zylberberg, A., 2015. The costs of flexibility-enhancing structural reforms: a literature

review .

Boeri, T., Jimeno, J.F., 2005. The effects of employment protection: Learning from variable enforcement.

European Economic Review 49, 2057–2077.

Botero, J.C., Djankov, S., Porta, R.L., Lopez-de Silanes, F., Shleifer, A., 2004. The regulation of labor. The

Quarterly Journal of Economics 119, 1339–1382.

Cacciatore, M., Fiori, G., 2016. The macroeconomic effects of goods and labor markets deregulation. Review

of Economic Dynamics 20, 1–24.

Calvo, G.A., 1983. Staggered prices in a utility-maximizing framework. Journal of monetary Economics 12,

383–398.

Carluccio, J., Bas, M., 2015. The impact of worker bargaining power on the organization of global firms.

Journal of International Economics 96, 162–181.

Christiano, L.J., Eichenbaum, M., Evans, C.L., 2005. Nominal rigidities and the dynamic effects of a shock

to monetary policy. Journal of political Economy 113, 1–45.

Christiano, L.J., Fitzgerald, T.J., 2003. The band pass filter. international economic review 44, 435–465.

Christoffel, K., Kuester, K., Linzert, T., 2009. The role of labor markets for euro area monetary policy.

European Economic Review 53, 908–936.

Christoffel, K., Linzert, T., 2010. The role of real wage rigidity and labor market frictions for inflation

persistence. Journal of Money, Credit and Banking 42, 1435–1446.

D’Amuri, F., Giorgiantonio, C., 2015. The institutional and economic limits to bargaining decentralization

in Italy. Technical Report. IZA Policy Paper.

Del Boca, A., Rota, P., 1998. How much does hiring and firing cost? survey evidence from a sample of

italian firms. Labour 12, 427–449.

Devicienti, F., Maida, A., Sestito, P., 2007. Downward wage rigidity in italy: micro-based measures and

implications. The Economic Journal 117, F530–F552.

Devicienti, F., Naticchioni, P., Ricci, A., 2018. Temporary employment, demand volatility, and unions:

Firm-level evidence. ILR Review 71, 174–207.

Di Pace, F., Villa, S., 2016. Factor complementarity and labour market dynamics. European Economic

Review 82, 70–112.

38



Diwambuena, J., Ravazzolo, F., 2022. What are the drivers of Labor Productivity? Technical Report.

Faculty of Economics and Management at the Free University of Bozen.

Dossche, M., Gazzani, A., Lewis, V., 2022. Labor adjustment and productivity in the oecd. Review of

Economic Dynamics .

Elsby, M.W., Hobijn, B., Şahin, A., 2013. Unemployment dynamics in the OECD. Review of Economics

and Statistics 95, 530–548.

Fabiani, S., Kwapil, C., Rõõm, T., Galuscak, K., Lamo, A., 2010. Wage rigidities and labor market

adjustment in europe. Journal of the European Economic Association 8, 497–505.

Faccini, R., Millard, S., Zanetti, F., 2013. Wage rigidities in an estimated dynamic, stochastic, general

equilibrium model of the uk labour market. The Manchester School 81, 66–99.

Faccini, R., Yashiv, E., 2022. The importance of hiring frictions in business cycles. Quantitative Economics

13, 1101–1143.

Fonseca, R., Patureau, L., Sopraseuth, T., 2009. Divergence in labor market institutions and international

business cycles. Annals of Economics and Statistics/Annales d’Economie et de Statistique , 279–314.

Fonseca, R., Patureau, L., Sopraseuth, T., 2010. Business cycle comovement and labor market institutions:

An empirical investigation. Review of International Economics 18, 865–881.

Forni, L., Gerali, A., Pisani, M., 2010. Macroeconomic effects of greater competition in the service sector:

the case of italy. Macroeconomic Dynamics 14, 677–708.

Furlanetto, F., Groshenny, N., 2016. Mismatch shocks and unemployment during the great recession. Journal

of Applied Econometrics 31, 1197–1214.

Galí, J., Van Rens, T., 2021. The vanishing procyclicality of labour productivity. The Economic Journal

131, 302–326.

Garcia-Macia, D., 2020. Labor Costs and Corporate Investment in Italy. International Monetary Fund.

Gertler, M., Sala, L., Trigari, A., 2008. An estimated monetary dsge model with unemployment and staggered

nominal wage bargaining. Journal of Money, Credit and Banking 40, 1713–1764.

Gertler, M., Trigari, A., 2009. Unemployment fluctuations with staggered nash wage bargaining. Journal of

political Economy 117, 38–86.

Gnocchi, S., Lagerborg, A., Pappa, E., 2015. Do labor market institutions matter for business cycles?

Journal of Economic Dynamics and Control 51, 299–317.

39



Hall, R.E., 2005. Employment fluctuations with equilibrium wage stickiness. American economic review 95,

50–65.

Hamilton, J.D., 2018. Why you should never use the hodrick-prescott filter. Review of Economics and

Statistics 100, 831–843.

Hobijn, B., Şahin, A., 2009. Job-finding and separation rates in the oecd. Economics Letters 104, 107–111.

Hodrick, R.J., Prescott, E.C., 1997. Postwar us business cycles: an empirical investigation. Journal of

Money, credit, and Banking , 1–16.

Jung, P., Kuhn, M., 2014. Labour market institutions and worker flows: comparing germany and the us.

The Economic Journal 124, 1317–1342.

Keane, M., Rogerson, R., 2012. Micro and macro labor supply elasticities: A reassessment of conventional

wisdom. Journal of Economic Literature 50, 464–76.

Krause, M.U., Lubik, T.A., 2007. The (ir) relevance of real wage rigidity in the new keynesian model with

search frictions. Journal of Monetary Economics 54, 706–727.

Langot, F., 1995. Unemployment and business cycle: A general equilibrium matching model, in: Advances

in business cycle research. Springer, pp. 287–325.

Langot, F., Pizzo, A., 2019. Accounting for labor gaps. European Economic Review 118, 312–347.

Leduc, S., Liu, Z., 2020. The weak job recovery in a macro model of search and recruiting intensity. American

Economic Journal: Macroeconomics 12, 310–43.

Lewis, V., Villa, S., Wolters, M.H., 2019. Labor productivity, effort and the euro area business cycle. Effort

and the Euro Area Business Cycle (December 20, 2019) .

Lombardi, M.J., Riggi, M., Viviano, E., 2020. Bargaining power and the phillips curve: a micro-macro

analysis. Bank of Italy Temi di Discussione (Working Paper) No 1302.

Marchetti, D.J., Nucci, F., 2005. Price stickiness and the contractionary effect of technology shocks. European

Economic Review 49, 1137–1163.

Marchetti, D.J., Nucci, F., et al., 2001. Labor effort over the business cycle. volume 424. Banca d’Italia.

Merkl, C., Schmitz, T., 2011. Macroeconomic volatilities and the labor market: First results from the euro

experiment. European Journal of Political Economy 27, 44–60.

Merz, M., 1995. Search in the labor market and the real business cycle. Journal of monetary Economics 36,

269–300.

40



Messina, J., Duarte, C.F., Izquierdo, M., Du Caju, P., Hansen, N.L., 2010. The incidence of nominal and

real wage rigidity: An individual-based sectoral approach. Journal of the European Economic Association

8, 487–496.

Mortensen, D.T., Pissarides, C.A., 1994. Job creation and job destruction in the theory of unemployment.

The review of economic studies 61, 397–415.

Nickell, S., 1997. Unemployment and labor market rigidities: Europe versus north america. Journal of

Economic perspectives 11, 55–74.

Nickell, S., Layard, R., 1999. Labor market institutions and economic performance. Handbook of labor

economics 3, 3029–3084.

Nickell, S., Nunziata, L., Ochel, W., Quintini, G., 2003. The beveridge curve, unemployment and wages in the

oecd from the 1960s to the 1990s. Knowledge, Information, and Expectations in Modern Macroeconomics:

In Honor of Edmund S. Phelps , 357–393.

Ohanian, L.E., Raffo, A., 2012. Aggregate hours worked in oecd countries: New measurement and

implications for business cycles. Journal of Monetary Economics 59, 40–56.

Orsi, R., Raggi, D., Turino, F., 2014. Size, trend, and policy implications of the underground economy.

Review of Economic Dynamics 17, 417–436.

Pappa, E., Sajedi, R., Vella, E., 2015. Fiscal consolidation with tax evasion and corruption. Journal of

International Economics 96, S56–S75.

Peracchi, F., Viviano, E., et al., 2004. An empirical micro matching model with an application to Italy and

Spain. volume 538. Citeseer.

Petrongolo, B., Pissarides, C.A., 2001. Looking into the black box: A survey of the matching function.

Journal of Economic literature 39, 390–431.

Pietrunti, M., 2017. Financial frictions and the real economy .

Pinelli, D., Torre, R., Pace, L., Cassio, L., Arpaia, A., et al., 2017. The Recent Reform of the Labour Market

in Italy: A Review. Technical Report. Directorate General Economic and Financial Affairs (DG ECFIN),

European Commission.

Sala, L., Söderström, U., Trigari, A., 2013. Structural and cyclical forces in the labor market during the

great recession: cross-country evidence, in: NBER International Seminar on Macroeconomics, University

of Chicago Press Chicago, IL. pp. 345–404.

Schmitt-Grohé, S., Uribe, M., 2012. What’s news in business cycles. Econometrica 80, 2733–2764.

41



Smets, F., Wouters, R., 2007. Shocks and frictions in us business cycles: A bayesian dsge approach. American

economic review 97, 586–606.

Stock, J.H., Watson, M.W., 1999. Forecasting inflation. Journal of Monetary Economics 44, 293–335.

Tealdi, C., 2019. The adverse effects of short-term contracts on young workers: Evidence from italy. The

Manchester School 87, 751–793.

Trigari, A., 2006. The role of search frictions and bargaining for inflation dynamics .

Yashiv, E., 2007. Labor search and matching in macroeconomics. European Economic Review 51, 1859–1895.

Zanetti, F., 2011. Labor market institutions and aggregate fluctuations in a search and matching model.

European Economic Review 55, 644–658.

Appendices
A Data sources

This section discusses the sources and the transformations of the data used in deriving the business cycle

statistics in the text and in estimating the model with Italian quarterly data running from 1996Q1 to 2018Q3.

Our estimation includes as many shocks as observable. We use the following observables for our baseline

estimation: real GDP per capita, real investment per capita, real consumption per capita, the nominal

interest rate, inflation, wages per employee, the unemployment rate, and total hours worked. The inflation

rate is measured as the GDP deflator and the nominal interest rate is in percentage points.

All variables, except the interest rate, are expressed in logs, filtered using the one-sided HP filter

(Stock and Watson, 1999), and multiplied by 100 to express them in percentage deviations. The estimated

model includes the following shocks: the technology shock, the risk premium shock, the investment-specific

technology shock, the government consumption shock, the cost-push shock, the labor supply shock, and the

wage bargaining shock.

Data sources. In the following, we list the time series collected and their sources.

• Population: labor force 15 years and over (thousands) from labor force - quarterly seasonally adjusted

data - previous regulation (until 2020). Source: ISTAT.

• Real GDP per capita: Real Gross Domestic Product at market prices (Quarterly – Chain linked

volumes (2010), million euro – Seasonally and calendar adjusted data) divided by population. Source:

Eurostat (Eurostat/namq10gdp/Q.CLV 10MEUR.SCA.B1GQ.IT ).
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• Real Consumption per capita: Real Final consumption expenditure of households (Quarterly – Chain

linked volumes (2010), million euro – Seasonally and calendar adjusted data). Source: Eurostat.

• Real Investment per capita: Real Gross fixed capital formation (Quarterly – Chain linked volumes

(2010), million euro – Seasonally and calendar adjusted data).Source: Eurostat.

• Inflation: GDP deflator (GDP implicit price deflator, index 2015=100). Source: OECD, extracted

from FRED. The inflation rate is computed as a quarter-on-quarter difference of the log of the GDP

deflator.

• Total hours: this series comes from Ohanian and Raffo (2012) and has been recently updated by

Dossche et al. (2022). The series is constructed as the product of employment and hours worked per

worked divided by population.

• Real wages per employee: Quarterly Compensation of employees (Current prices, million euro,

seasonally and calendar adjusted data) divided by inflation. Then, the resulting series is divided

by total hours. Source: Eurostat. (Eurostat/namq10gdp/Q.CPMEUR.SCA.D1.IT

• Nominal interest rate: Quarterly three-month rate – Euro area (EA11-1999, EA12-2001,

EA13-2007, EA15-2008, EA16-2009, EA17-2011, EA18-2014, EA19-2015). Source: Eurostat.

(Eurostat/irtstq/Q.IRTM3.EA). This is expressed in quarterly terms.

• Unemployment rate: seasonally adjusted quarterly unemployment rate aged 15 and over from labor

force survey. Source: ISTAT.

• Vacancies: seasonally adjusted quarterly job vacancy rate. Source: ISTAT.

• Employment: total employment (quarterly, number of persons). Source: OECD Economic Outlook.

Taken from Dossche et al. (2022).

• Hours per worker: hours worked per worker (annualized, number). Source: Eurostat Labour Force

Survey. Taken from Dossche et al. (2022).

• Labor productivity: the series is the ratio between real GDP and total hours.

B Sensitivity Analysis

We now evaluate the robustness of our empirical results by considering two extensions. We report the

empirical results of our sensitivity analysis in the online appendix.

B.1 Driving forces of labor productivity after 2000s.

In this first experiment, we change the sample period used for the estimation. We re-estimate our models

over the period 2000Q1-2018Q4 to account for the flattening of labor productivity which occurs in the early
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2000s (Diwambuena and Ravazzolo, 2022). Our results are confirmed. Technology shocks remain the main

driving forces of labor productivity during this period.

B.2 Additional labor market shocks

In this second experiment, we extend our models with two additional labor market shocks (i.e. shock to the

job separation rate and hiring costs). We take advantage of data on vacancies and re-estimate our models

that include 9 observables and 10 shocks with data running from2004Q1 to2018Q4.20 Data on vacancies are

taken from ISTAT and are only available from 2004Q1. Our results are confirmed. Technology shocks remain

the main source of fluctuations in labor productivity. We find that labor market shocks (wage bargaining

and separation shocks) explain a significant share of variations in employment and vacancies.

20Schmitt-Grohé and Uribe (2012) show that it is possible to have more shocks than observables.
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