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1 Introduction

The endorsement of expansionary fiscal packages has often been based on the idea that

large multipliers can contrast rising unemployment. Following the 2007-2008 crisis, various

national governments around the globe have passed expansionary fiscal packages arguing

that, with nominal interest rates at the zero lower bound, only a strong fiscal stimuli could

help in fighting the consequences of a recession associated with rising unemployment. Is that

really the case? We explore those issues in a New Keynesian model in which unemployment

arises because of matching frictions, namely a labor demand friction. Additionally, we

elaborate our results thoroughly by including endogenous participation decisions, something

which brings along also a labor supply friction. In this environment we compare alternative

fiscal packages, both in terms of target for the fiscal stimulus and in terms of source of

financing. We consider two forms of government spending: a traditional increase in aggregate

demand and an increase in firms’ hiring subsidy. Furthermore, various forms of government

financing are considered, namely lump sum taxation versus distortionary taxation on labor.

The analysis of the fiscal multiplier is initially conducted by using the calibrated model: this

will help in guiding through the intuition on how the model functions. At last, we perform

a Bayesian estimation of our DSGE model and comment on the observed size of the fiscal

multipliers and on the statistical performance of the structural model.

The results from our calibrated model are as follows. Government expenditure in the

form of aggregate demand stimuli produces low to nearly zero multipliers. Thus, in compar-

ison to the standard New Keynesian model the expansionary effects of aggregate demand

stimuli are much lower in a model with matching frictions. When distortionary taxation is

used, multipliers become even negative. To understand the reason for this results we com-

pare our model with an RBC model with non-walrasian labor markets. In such a model an

increase in aggregate demand can be accommodated if firms post more vacancies. For this

to become an equilibrium outcome, the continuation value of a filled vacancy needs to be

higher than its steady state value, which in turn requires an increase in the stochastic dis-
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count factor and in current consumption. However, due to the crowding-out effect, current

consumption falls, therefore implying a fall in current vacancy posting. The fall in vacancy

posting brings about a fall in employment and output. Our results show, on the other side,

that when the fiscal stimulus takes the form of subsidy to cost of posting vacancies, fiscal

multipliers turn positive and become significantly large. A reduction in the cost of posting

vacancies boosts job creation, which in turn induces an increase in employment and output.

This effect is particularly powerful when the model features inefficient unemployment fluctu-

ations, which occur to the extent that the Hosios condition does not hold. In this case indeed

the fall in the cost of posting vacancies also reduces the distortions present in the economy,

therefore moving the long run level of output toward the potential one. We re-examine our

results by adding to the model an endogenous participation decision, which induces frictions

on the labor supply and involuntary unemployment on top and above inefficient fluctuations

in unemployment. Even in this case multipliers are smaller than one and turn negative with

distortionary taxation, showing that the fiscal stimulus is ineffective in boosting workers’

participation decisions.

To further check robustness of our results we consider fiscal stimuli in combination with

an interest rate peg. This case is of interest since over the last year countries like the U.S.

were close to the zero lower bound on interest rate and have thus adopted a policy mix

in which the monetary authority kept the interest rate fixed at low levels, while the fiscal

authority had passed large fiscal packages. In this case a temporary interest rate peg (the

monetary authority keeps the nominal interest rate constant for one year), coupled with

fiscal stimulus, increases the multiplier both, in the standard New Keynesian model and in

the model with search and matching frictions, although less in the model with matching

frictions. This result echoes the ones reported in Christiano, Eichenbaum and Rebelo (5).

Finally, the main results go through even when the economy starts from a recession scenario,

under different degrees of price stickiness and under the assumption of real wage rigidity.1

1The latter is considered in order to obtain larger fluctuations in unemployment consistently with the
implications of the Shimer puzzle.
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In order to measure the significance of our results in the data, we perform Bayesian

estimation of the full DSGE model by including all fiscal shocks considered in the calibrated

model, alongside with shocks to productivity, monetary policy, marginal cost and the match-

ing function. The estimation is run by using U.S. data for GDP, inflation, the Federal funds

rate, employment, wages and vacancies. The results are encouraging since i) the estimated

parameters are significant and the posterior likelihood distribution shows that the data are

informative and ii) using the estimated parameters we confirm results from our calibrated

model.

Our measure of the fiscal multiplier should be compared to those found in recent litera-

ture. Following Romer and Bernstein (24) which, by evaluating the fiscal stimulus package

approved in the United States from the Obama administration, have found fiscal multipliers

significantly larger than one, several other authors have revised such estimates offering less

favorable scenarios (see Cogan et al. (6), Cwik and Wieland (8), Uhlig (29) among others).

Christiano, Eichenbaum and Rebelo (5) argue that fiscal multipliers might be larger than

one when the interest rate is at the zero lower bound. All of those studies have considered

simple and stylized RBC or New Keynesian models in which unemployment is absent and

the labor market is frictionless.

Very recently other authors have analyzed fiscal multipliers in models with labor market

frictions. Faia et al. (10) use an open economy model with workers’ heterogeneity and labor

turnover costs. They analyze fiscal multipliers, both domestically and abroad, and show that

they are small, unless the fiscal expansion involves a subsidy to hiring and/or firing costs.

Hence, although they use a different model of the labor market, their results are in line with

ours, as they confirm the ineffectiveness of government demand stimuli.

Monacelli et al. (20) compute fiscal multipliers in a model with search and matching

frictions and find very small multipliers: they notice that their results are in contrast with a

VAR evidence, based on U.S. data, according to which fiscal multipliers should be large. In

our model it is also found that fiscal multipliers are small for demand stimuli, but this result

4



is confirmed empirically with evidence based on Bayesian estimation of the structural model.

Moreover, we highlight two additional dimensions; first, we stress that multipliers might be

very large when the fiscal stimulus is allocated to subsidize the cost of posting vacancies,

second, our analysis of the fiscal multipliers is conducted by including in the picture also

endogenous participation decisions2, alongside search and matching frictions.

Finally, our model compares with a recent paper by Brückner and Pappa (23), which,

by using a model with both, matching frictions and insider-outsider heterogeneity, analyze

the effects of government expenditure shocks on unemployment.

The structure of the paper is as follows. Section 2 presents the model economy and the

fiscal policy packages considered. Section 3 provides the intuition for the main mechanism at

work for the real business cycle version of the model. Section 4 shows simulation results on

the fiscal multipliers for the general version of the model, providing also robustness checks.

In Section 5 we re-examine the fiscal multipliers by including endogenous participation in the

model. Section 6 shows the results of the Bayesian estimation. Finally, Section 7 concludes.

Tables and Figures follow.

2 A New Keynesian Model with Matching Frictions

Our model economy borrows from Krause and Lubik (16). There is a continuum of agents

whose total measure is normalized to one. The economy is populated by households who

consume different varieties of goods, save and work. Households save in both non-state con-

tingent securities and in an insurance fund that allows them to smooth income fluctuations

associated with periods of unemployment. Each agent can indeed be either employed or

unemployed. In the first case he receives a wage that is determined according to a Nash

bargaining, in the second case he receives an unemployment benefit. The labor market is

characterized by matching frictions and exogenous job separation. The production sector

acts as a monopolistic competitive sector which produces a differentiated good using labor

2We model endogenous participation as in Campolmi and Gnocchi (4)
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as input and faces adjustment costs a’ la Rotemberg (25).

2.1 Households

Let ct ≡
[

∫ 1

0
ct(i)

ε−1

ε di
]

ε
ε−1

be a Dixit-Stiglitz aggregator of different varieties of goods. The

optimal allocation of expenditure on each variety is given by ct(i) =
(

pt(i)
pt

)

−ε

ct, where

pt ≡
[

∫ 1

0
pt(i)

1−εdi
]

1

1−ε

is the price index. There is continuum of agents who maximize the

expected lifetime utility3.

E0

{

∞
∑

t=0

βt
c1−σt

1 − σ

}

(1)

Households supply labor hours, N , inelastically (normalized to 1). Unemployed households

members receive an unemployment benefit b that can be interpreted as including also the

output of a home production activity. Total real labor income is given by wtet. The contract

signed between the worker and the firm specifies the wage and is obtained through a Nash

bargaining process. In order to finance consumption at time t each agent also invests in

non-state contingent nominal government bonds Bt which pay a gross nominal interest rate

(1+ rnt ) one period later. As in Andolfatto (1) and Merz (19) it is assumed that workers can

insure themselves against earning uncertainty and unemployment. For this reason the wage

earnings have to be interpreted as net of insurance costs. Finally agents receive profits from

the monopolistic sector which they own, Θt. Agents are subject to the following tax system:

τnt represents tax on wages, τ ct represents tax on consumption and τt represents lump sum

taxation. The sequence of real budget constraints reads as follows:

(1 + τ ct )ct +
Bt

pt
≤ (1 − τnt )wtet + b(1 − et) +

Θt

pt
− τt + (1 + rnt−1)

Bt−1

pt
(2)

Households choose the set of processes {ct, Bt}
∞

t=0 taking as given the set of processes {pt,

wt, r
n
t , τ

c
t , τ

n
t , τt, Θt}

∞

t=0 and the initial wealth B0, so as to maximize (1) subject to (2). Let’s

3Let st = {s0, ....st} denote the history of events up to date t, where st denotes the event realization at
date t. The date 0 probability of observing history st is given by ρt. The initial state s0 is given so that ρ0 = 1.
Henceforth, and for the sake of simplifying the notation, let’s define the operator Et{.} ≡

∑

st+1
ρ(st+1|st)

as the mathematical expectations over all possible states of nature conditional on history st.
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define λt as the Lagrange multiplier on constraint (2). The following optimality conditions

must hold:

λt =
c−σt

1 + τ ct
(3)

c−σt
1 + τ ct

= β(1 + rnt )Et

{

c−σt+1

1 + τ ct+1

pt
pt+1

}

(4)

Equation (3) is the marginal utility of consumption and equation (4) is the Euler condi-

tion with respect to bonds. Optimality requires that No-Ponzi condition on wealth is also

satisfied.

2.2 The Production Sector

Firms in the production sector sell their output in a monopolistic competitive market and

meet workers on a matching market. The labor relations are determined according to a

standard Mortensen and Pissarides (21) framework. Workers must be hired from the unem-

ployment pool and searching for a worker involves a fixed cost. Workers wages are determined

through a Nash decentralized bargaining process which takes place on an individual basis.

2.2.1 Search and Matching in the Labor Market

The search for a worker involves a fixed cost κ and the probability of finding a worker depends

on a constant return to scale matching technology which converts unemployed workers u and

vacancies v into matches, m(ut, vt):

m(ut, vt) = mtu
ξ
tv

1−ξ
t (5)

where vt =
∫ 1

0
vt(i)di and mt is a shock to the matching efficiency which follows a first order

autoregressive process log(mt/m) = ρm log(mt−1/m) + εmt . Defining labor market tightness

as θt ≡
vt

ut
, the firm meets unemployed workers at rate q(θt) = m(ut,vt)

vt
= mtθ

−ξ
t , while the

unemployed workers meet vacancies at rate ft ≡ θtq(θt) = mtθ
1−ξ
t , which we refer to as the

job finding rate. If the search process is successful, the firm in the monopolistic good sector

operates the following technology:

yt(i) = ztet(i) (6)
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where zt is the aggregate productivity shock which follows a first order autoregressive process,

log zt = ρz log zt−1 + εz,t, and et(i) is the number of workers hired by firm i. Matches are

destroyed at an exogenous rate4ρ. Labor force is normalized to unity. The number of

employed people at time t in each firm i is given by the number of employed people at time

t− 1 plus the flow of new matches concluded in period t who did not discontinue the match:

et(i) = (1 − ρ)et−1(i) + vt(i)q(θt) (7)

Hiring in this model is instantaneous. At the beginning of period t firms observe the realiza-

tion of the stochastic variables and post vacancies accordingly. Those vacancies are matched

with the pool of searching workers which is given by the workers not employed at the end

of period t− 1, ut = 1 − (1 − ρ)et−1.

2.2.2 Monopolistic Firms

There is continuum of firms which hire a continuum of workers. Firms in the monopolistic

sector use labor to produce different varieties of consumption good and face a quadratic cost

of adjusting prices and costs of posting vacancies which are linear in the number of vacancies.

Due to the constant return to scale of vacancy posting technology, firms can take wages as

given when choosing prices and employment. Wages are determined through the bargaining

problem analyzed in the next section. Here we develop the dynamic optimization decision

of firms choosing prices, pt(i), number of employees, et(i), and number of vacancies, vt(i), to

maximize the discounted value of future profits and taking as given the wage schedule. The

representative firm chooses {pt(i), et(i), vt(i)} to solve the following maximization problem

(in real terms):

Max E0

∞
∑

t=0

βt
λt
λ0

{

pt(i)

pt
yt(i) − wt(i)et(i) − (1 − τ kt )κvt(i) −

ψ

2

(

pt(i)

pt−1(i)
− 1

)2

yt

}

(8)

4The alternative assumption of endogenous job destruction would induce, consistently with empirical
observations, additional persistence as shown in den Haan, Ramsey and Watson (9). However due to the
normative focus of this paper we choose the more simple assumption of exogenous job separation.
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subject to

yt(i) =

(

pt(i)

pt

)

−ε

yt = ztet(i) (9)

et(i) = (1 − ρ)et−1(i) + vt(i)q(θt) (10)

where yt is the aggregate demand which is given by consumption, ct, plus government ex-

penditure, gt.
ψ

2

(

pt(i)
pt−1(i)

− 1
)2

yt represents the cost of adjusting prices, ψ can be thought

as the sluggishness in the price adjustment process, κ as the cost of posting vacancies, τ kt

is a subsidy to the cost of posting vacancies, and wt(i) denotes the fact that the bargained

wage might depend on time varying factors. Let’s define mct, the Lagrange multiplier on

constraint (9), as the marginal cost of firms and µt, the Lagrange multiplier on constraint

(10), as the marginal value of one worker. Since all firms will choose in equilibrium the

same price and allocation we can now assume symmetry and drop the index i. First order

conditions for the above problem read as follows:

• et :

µt = mctzt − wt + βEt

{

λt+1

λt
(1 − ρ)µt+1

}

(11)

• vt :
κ(1 − τ kt )

q(θt)
= µt (12)

• pt :

ψ(πt − 1)πt − βEt

{

λt+1

λt
ψ(πt+1 − 1)πt+1

yt+1

yt

}

= 1 − ε(1 −mct) (13)

By merging (11) and (12) we obtain the job creation condition:

κ(1 − τ kt )

q(θt)
= mctzt − wt + βEt

{

λt+1

λt
(1 − ρ)

κ(1 − τ kt+1)

q(θt+1)

}

(14)

Rearranging equation (14) we obtain the following expression for the marginal cost:

mct =
wt
zt

+

κ(1−τk
t )

q(θt)
− βEt

{

λt+1

λt
(1 − ρ)

κ(1−τk
t+1

)

q(θt+1)

}

zt
(15)
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As already noticed in Krause and Lubik (16) in a matching model the marginal cost of

firms is given by the marginal productivity of each single employee, wt

zt
, as it is in a standard

Walrasian model but it also contains an extra component, which depends on the future value

of a match. Posting vacancy is costly hence a successful match today is valuable also since

it reduces future search costs. In this context wages maintain their allocative role only for

future matches.5

2.2.3 Bellman Equations, Wage Setting and Nash Bargaining

The wage schedule is obtained through the solution to an individual Nash bargaining process.

To solve for it we need first to derive the marginal values of a match for both, firms and

workers. Those values will indeed enter the sharing rule of the bargaining process. Let’s

denote by V J
t the marginal discounted value of a vacancy for a firm. From equation (11)

and noticing that V J
t = µt we obtain:

V J
t = mctzt − wt + βEt

{

λt+1

λt
(1 − ρ)V J

t+1

}

(16)

The marginal value of a vacancy depends on real revenues minus the real wage plus the

discounted continuation value. With probability (1 − ρ) the job remains filled and earns

the expected value and with probability, ρ, the job is destroyed and has zero value. In

equilibrium the marginal discounted value of a vacancy should equalize the expected cost of

posting vacancies. For each worker, the values of being employed and unemployed are given

by V E
t and V U

t :

V E
t = (1 − τnt )wt + βEt

{

λt+1

λt

[

(1 − ρ)V E
t+1 + ρV U

t+1

]

}

(17)

V U
t = b+ βEt

{

λt+1

λt

[

ft+1(1 − ρ)V E
t+1 + (1 − ft+1(1 − ρ))V U

t+1

]

}

(18)

where b denotes real unemployment benefits. Workers and firms are engaged in a Nash

bargaining process to determine wages. The optimal sharing rule of the standard Nash

5See Goodfriend and King (13).
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bargaining is given by:

(V E
t − V U

t ) =
ς

1 − ς
V J
t (19)

After substituting the previously defined value functions it is possible to derive the

following wage schedule:

wt =
1

1 − τnt (1 − ς)

(

ςmctzt + ς(1 − ρ)βEt

{

λt+1

λt
κ(1 − τ kt+1)θt+1

}

+ (1 − ς)b

)

(20)

2.3 Equilibrium Conditions

Aggregate output is obtained by aggregating production of individual firms and by subtract-

ing the resources wasted into the search activity and the cost of adjusting prices:

yt = etzt − κvt −
ψ

2

(

pt
pt−1

− 1

)2

yt (21)

2.4 Monetary Policy

Monetary policy is conducted by means of an interest rate reaction function of this form:

ln

(

1 + rnt
1 + rn

)

= (1 − φr)

(

φπ ln
(πt
π

)

+ φy ln

(

yt
y

))

+ φr ln

(

1 + rnt−1

1 + rn

)

(22)

2.5 Fiscal policy regimes

The government faces the following budget constraint:

gt + b(1 − et) + (1 + rnt−1)
Bt−1

pt
+ τ kt κvt = τ ct ct + τnt wtet +

Bt

pt
+ τt (23)

Since government expenditure is financed partly with taxes and partly with government

bonds we need some rule to pin down the evolution of government bonds. First we as-

sume that τt = τ, τ ct = τ c, and that government expenditure follows an exogenous process.

Furthermore, following Uhlig (29) we assume that a fraction φ of expenditure is financed

through tax and the remaining part through government bonds:

τnt wtet = φ

(

gt + b(1 − et) + τ kt κvt − τt + (1 + rnt−1)
Bt−1

pt
− τ ct ct

)

(24)
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We consider two possible targets for government expenditure: aggregate demand and

subsidy to cost of posting vacancies. They are both modeled through temporary shocks.

Government expenditure in the form of demand stimuli takes the following form:

gt
g

=

(

gt−1

g

)ρg

+ εgt (25)

where εgt is a surprise increase. A hiring subsidy takes instead the following form:

τ kt
τ k

=

(

τ kt−1

τ k

)ρ
τk

+ ετ
k

t (26)

where ετ
k

t is a surprise increase.

2.6 Calibration

Preferences. Time is measured in quarters. The discount factor β is set equal to 0.99, so

that the annual real interest rate is equal to 4 percent. The parameter on consumption in

the utility function, σ, is set equal to 2.

Production. Following Basu and Fernald (2), the value added mark-up of prices over

marginal cost is set to 0.2. This generates a value for the price elasticity of demand ε of 6.

In order to parameterize the cost of adjusting prices, ψ, we observe that by log-linearizing

equation (13) we can obtain an elasticity of inflation to real marginal cost that takes the form

ε−1
ψ
. This allows a direct comparison with empirical studies on the New-Keynesian Phillips

curve such as Gaĺı and Gertler (12) and Sbordone (26) using the Calvo-Yun approach.

In those studies, the slope coefficient of the log-linear Phillips curve can be expressed as

(1−ϑ̂)(1−βϑ̂)

ϑ̂
, where ϑ̂ is the probability of not resetting the price in any given period in

the Calvo-Yun model. For any given values of ε, one can build a mapping between the

frequency of price adjustment in the Calvo-Yun model, 1

1−ϑ̂
, and the cost of adjusting prices,

ψ, in the Rotemberg setup. The recent New Keynesian literature has usually considered a

frequency of price adjustment between two and four quarters as realistic. As a benchmark,

we parameterize 1

1−ϑ̂
= 3, which implies ϑ̂ = 2/3. Given ε = 6, the resulting stickiness

parameter satisfies ψ = ϑ̂(ε−1)

(1−ϑ̂)(1−βϑ̂)
≈ 30.
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Labor market frictions parameters. The matching technology is a homogenous of

degree one function and is characterized by the parameter ξ. Consistently with estimates

by Blanchard and Diamond (3) this parameter is set to 0.4. The exogenous separation

probability, ρ, is set to 0.07 consistently with estimates from Hall (14); this value is also

compatible with those used in the literature which range from 0.07 (Merz (19)) to 0.15

(Andolfatto (1)). The steady state unemployment rate is set equal to 12% which is the value

used by Krause and Lubik (16). With those two values we can compute the steady state

for employment. We set the steady state firm matching rate, q(θ), to 0.7 which is the value

used by den Haan, Ramey and Watson (9). With those values and using the fact that steady

state number of matches is given by ρ

1−ρ
(1 − u), it is possible to determine the number of

vacancies, the vacancy/unemployment ratio as well as the scale parameter, m. The value

for b is set so as to generate a steady state ratio b
w

of 0.5 which corresponds to the average

value observed for industrialized countries (see Nickell and Nunziata (22)). The bargaining

power of workers, ς, is set to 0.5 as in most papers in the literature, while the value for the

cost of posting vacancies is obtained from the steady state version of labor market tightness

evolution. Note that we set ς > ξ implying that the Hosios (15) condition for efficiency is

not satisfied. The rationale for this choice is that we want to analyze a fiscal package in form

of a hiring subsidy which is only a reasonable instrument when not imposing an efficient

unemployment rate.

Monetary policy parameters. The coefficient on inflation, φp, is set to 1.5, the

coefficient on output, φy, is set 0.5/4. Finally the parameter φr is set equal to zero in the

baseline calibration.

Fiscal policy parameters. The constant fraction of public spending, g, financed by

current taxes is calibrated so as to match g/y = 0.15. Steady state taxes are set to τ c = 0.05

and τn = 0.28 which are values calculated for the U.S. by Trabandt and Uhlig (27). The

steady state level of the hiring subsidy is set to τ k = 0.01. Given those values, the steady

state value of the government debt will depend on φ. As a baseline we set φ = 0.275 implying
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B
y

= 0.6, but we also consider the following limiting cases: 0 and 1.

Shocks. The autocorrelation of government spending, ρg, and the hiring subsidy, ρτk ,

are calibrated to 0.9.

3 Special Case: Dynamics under Flexible Prices

Before analyzing the fiscal multipliers in the general New Keynesian model, it is useful to

understand how the presence of matching frictions alters the transmission of a government

spending shock in a real business cycle framework. When studying the model with Walrasian

labor market, we consider the following utility function: Ut =
c1−σ
t

1−σ
−

N
1+ϕ
t

1+ϕ
i.e. we substitute

employment et with hours Nt. In what follows we assume a constant technology z and

a constant matching efficiency m, so that movements in the variables are driven only by

changes in fiscal policy.

3.1 RBC model with Walrasian Labor Market

The model is characterized by the following labor supply equation6:

ε− 1

ε

1

z
(1 − τnt ) = Nϕ

t c
σ
t (27)

Suppose there is an increase in government spending financed by lump-sum taxes, so that

τnt is constant. Then the left hand side of this equation remains constant. This implies that

in equilibrium the increase in N, as required by an increase in production, is accompanied

by a decrease in consumption. Hence an increase in government spending tends to crowd

out private consumption. The more so the higher the parameter ϕ. Thus, in this model the

fiscal multiplier is always below one and decreases when the elasticity of labor supply, ϕ,

increases. If the spending is financed, fully or in part, with distortionary labor taxes, the

left hand side decreases when τnt increases. Thus, for a given level of government spending

6Recall that under flexible prices the optimal pricing rule implies mct = ε−1

ε
. With linear production

technology we have mct = wt

z
and from the household problem the (net) real wage has to equate the marginal

rate of substitution between consumption and leisure, (1 − τn
t )wt = N

ϕ
t c

σ
t .
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and for given elasticity of labor supply, ϕ, the drop in consumption is larger the higher the

increase in taxes, τnt . Hence, financing government spending with distortionary taxation

reduces the fiscal multiplier even more than the use of lump sum taxation. The next step

we undertake is to analyze the impact of matching frictions on the fiscal multiplier.

3.2 RBC model with Matching Frictions

As we will prove in this section, in presence of matching frictions the fiscal multipliers turn

even negative, the reason being that an increase in government spending induces not only a

crowding out of private consumption but also a fall in employment.

To simplify the analysis, we assume that workers have zero bargaining power (ς = 0).

Under flexible prices the marginal cost stays constant, mct = ε−1
ε

. Using the latter relation

and combining the wage equation (20) with the job creation condition (14), we obtain:

ε− 1

ε

1

z
−

b

1 − τnt
=
κ(1 − τk)

m
θξt − (1 − ρ)β

κ(1 − τk)

m
Et

{

(

ct+1

ct

)

−σ

θξt+1

}

(28)

Under lump-sum taxation, and maintaining τnt constant, the left hand side of (28) stays

constant. In order to accommodate the increase in g, firms will have to post more vacancies

at time t. Therefore, given that ut adjusts one period later, labor market tightness θt will

increase. As we consider a temporary government spending shock, we expect firms to post

less vacancies in future periods, hence we expect θt+1 < θt. Thus, for firms to post more

vacancies today, we need the continuation value of a filled vacancy, Et

{

(

ct+1

ct

)

−σ

θξt+1

}

, to be

higher than its steady state value. This would require an increase in the stochastic discount

factor,
(

ct+1

ct

)

−σ

, which in turn requires an increase in current consumption. However, due to

the crowding out effect of government spending, current consumption will actually decrease,

thus inducing a fall in vacancy posting below steady state value. Overall, the fall in vacancies

induces a fall in employment which brings about negative fiscal multipliers.

If labor taxes are used to finance the increase in government spending, the left hand side

decreases, thus requiring an even bigger reduction in vacancy posting. Therefore, in such
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a framework an increase in government spending will actually induce a negative multiplier

since firms will reduce vacancy posting below the steady state value.

The presence of sticky prices will induce higher multipliers in both models. However, we

can already expect the multipliers of a government spending shock to be lower in a model

with matching frictions.

4 Fiscal multipliers

For each fiscal intervention considered we compute short run and long run multipliers both

in terms of GDP, ztet, and in terms of aggregate demand, yt. Short-run multipliers are

calculated as output effects during the impact period divided by costs during the impact

period. Long-run multipliers are the discounted output effects divided by the discounted

costs. Results are summarized in Tables 1 and 2. Furthermore, we follow Uhlig (29) and

compute dynamic multipliers whose value at time t is equal to the sum of discounted GDP

(or aggregate demand) changes until time t divided by the sum of discounted cost changes

until time t.

4.1 Demand stimulus

We start by considering a temporary one percent increase in government spending which is

either financed by lump sum taxes or by distortionary labor taxes. As baseline value we set

φ = 0.275. We also consider two alternative values for this parameter: φ = 0 (equivalent

to lump sum taxation) and φ = 1. To highlight the role of search and matching frictions

we compare the fiscal multipliers in the New Keynesian model with search and matching

with the ones in the standard New Keynesian model.7 Recall that in the standard New

Keynesian model, equilibrium unemployment is absent, hence fiscal stimuli occur solely

through increases in aggregate demand.

7When considering a Walrasian labor marketN denotes hours worked and not employed workers (intensive
instead of extensive margin).
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Figure 1 shows the fiscal multipliers in the New Keynesian model with search and

matching frictions. The exact numbers are also summarized in Tables 1 and 2 for both, short

run and long run multipliers. The multipliers are very small (nearly zero) when the expansion

in government expenditure is financed with lump sum taxation; they even turn negative when

a certain fraction is financed with distortionary taxation. To understand the reason for such

bad performance of an expansionary fiscal policy, we examine the impulse responses of a

set of selected variables to the same temporary government expenditure shock. Figure 2

shows that, in response to a temporary increase in government expenditure, employment

and output drop, the more so the higher the φ. As explained for the RBC model with search

and matching frictions, an increase in current vacancy posting requires an increase in the

continuation value of a filled vacancy. Such an increase however cannot take place as it

would require an increase in current consumption, which, on the contrary falls due to the

crowding out effect. The fall in current vacancies brings about a fall in job creation and

employment. The fall in employment triggers a fall in output, which more than compensates

the increase in aggregate demand. Differently from the RBC version, since prices will not

adjust completely, there will be a temporary reduction in price markups that will alleviate the

crowding out effect on consumption. This is why, compared to the RBC case, multipliers are

in general bigger. Our model highlights a novel dimension in the analysis of fiscal multipliers,

as in a model with a non-Walrasian labor market changes in output are determined also by

changes in labor demand, alongside with changes in aggregate demand. The positive effect on

aggregate demand due to price rigidity is barely enough to compensate for the labor demand

effect under lump sum taxation (multipliers are nearly zero). As soon as distortionary

taxation is introduced, the multipliers turn negative.

Figure 3 shows the fiscal multipliers in the standard New Keynesian model with Wal-

rasian labor market. Once again the exact numbers are also summarized in Tables 1 and 2

for both, short run and long run multipliers. Figure 4 shows impulse responses of selected

variables to the usual temporary shock to government spending while Figure 5 plots a set of
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selected variables for both models in the same panels to simplify the comparison.8 Two con-

siderations emerge. First, multipliers in this case are all positive and larger than in the model

with a non-Walrasian labor market. Second, with Walrasian labor markets, and contrary

to the previous case, we observe an increase in employment and in output. Interestingly,

multipliers are positive even when financing occurs with distortionary taxation. This is in

contrast with the results that Uhlig (29) finds for the RBC model with capital, in which

an increase in government spending financed through distortionary taxes leads to negative

long-run multipliers.

One clear conclusion that emerges from those first experiments is that the evaluation

of fiscal stimuli might be too optimistic when the model employed neglects frictions in the

labor market. This is in sharp contrast to the common wisdom which fosters the idea that

large fiscal packages are needed exactly when unemployment is high.

4.2 Alternative Forms of Fiscal Stimuli

In practice fiscal stimuli have taken various forms, which go beyond the mere increase of

aggregate demand. Our model allows in particular to highlight the role of subsidies to the

labor market, which is one very popular form of fiscal stimuli.

One alternative form of fiscal stimuli which can be usefully analyzed in our model

consists in an increase in the subsidy to the cost of posting vacancies. Figure 6 shows

fiscal multipliers for a temporary increase in the subsidy to the cost of posting vacancies

for different values of φ. Again Tables 1 and 2 report exact numbers for both, short run

and long run multipliers. A temporary one percentage point increase in the subsidy to the

cost of posting a vacancy generates a strong positive fiscal multiplier, both, in the short

and in the long run. This is so independently of the financing strategy adopted, lump sum

versus distortionary labor tax. The multipliers are actually larger under the benchmark

scenario of partial financing with distortionary taxation (φ = 0.275) and deficit. Reducing

the cost of posting a vacancy increases the number of vacancies, which in turn raises job

8In this picture for simplicity we consider only lump sum taxation.
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creation and reduces unemployment. This has a direct positive impact on employment

and consumption, as shown by the impulse response functions shown in Figure 7. The

cost of posting vacancies introduces a gap between the model with Walrasian and non-

Walrasian labor markets, hence reducing this gap brings the model closer to the standard

New Keynesian model which features larger multipliers. In addition our model features

inefficient unemployment fluctuations as our parametrization brings the model away from

the Hosios (15) condition. In these circumstances a fall in the cost of posting vacancies can

reduce the wedge in the labor demand schedule, therefore bringing employment and output

closer to the pareto efficient level.

We conclude that when frictions operate mainly along the labor demand side and when

inefficient fluctuations in unemployment occur, policy makers should direct their fiscal stimuli

toward measures that directly increase the number of available jobs.

4.3 Robustness Checks

Recession scenario. Governments have recently passed large fiscal packages to fight the

recessionary impact of the current financial crisis. The question arises whether the effective-

ness of fiscal stimuli changes when the economy starts from a recession scenario. We analyze

this case and implement a recession scenario assuming a one percent temporary drop in total

factor productivity, zt.
9 Figure 8 and Figure 9 show the responses of GDP and employment

in the model with search and matching frictions for the case in which the recession is followed

by a policy intervention (solid lines) and for the case in which no policy intervention takes

place (dashed lines). We consider policy interventions in terms of a temporary one percent

increase in government spending and in terms of an increase in the subsidy to the cost of

posting vacancies of 2 percentage points. We restrict the analysis by considering two cases:

lump sum taxation, which is depicted in the first two panels, and distortionary taxation with

φ = 0.275, which is depicted in the bottom panels.

The analysis confirms our previous findings. A pure demand stimulus has negligible

9The degree of autocorrelation of the TFP process, ρz, is set to 0.95.
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effects when financed by raising lump sum taxes. Moreover, when financed partly with dis-

tortionary taxes, an expansion in government spending even deepens the economic downturn.

A hiring subsidy, on the other hand, dampens the recession triggered by the drop in produc-

tivity. This policy intervention is particularly powerful in fighting the drop in employment.

Remarkably, the costs incurred by a 2 percentage point increase in the hiring subsidy ac-

counts for only 0.04 percent of GPD, whereas a one percent increase in government spending

costs approximately 0.15 percent of GDP.

Interest rate peg. Over the last year, countries like the U.S. have adopted a policy

mix in which the monetary authority has kept the interest rate fixed at low levels, while the

fiscal authority had passed large fiscal packages. There has been a widespread consensus

that, when the interest rate is close to the zero lower bound, fiscal policy might have a

stronger leverage than monetary policy. To verify whether those statements are correct we

repeat our experiments in combination with a temporary interest rate peg (the monetary

authority keeps the nominal interest rate constant for one year).

As shown in Table 1 and 2, in this case a demand stimulus induces large positive

multipliers both, in the standard New Keynesian model and in the model with search and

matching frictions. Additionally, in the model with search and matching frictions, an interest

rate peg tends to dampen the crowding out effects generated in the long run by an increase

in aggregate demand financed through distortionary taxation. These results echo the ones

reported in Christiano, Eichenbaum and Rebelo (5).

It is worth noticing, however, that, even when an interest rate peg is considered, it

remains true that search and matching frictions dampen the positive effects of expansionary

fiscal policies.

Next, we analyze the effects of subsidizing the cost of posting vacancies in presence of

an interest rate peg. Again, results are reported in Tables 1 and 2. Surprisingly, this type of

policy mix is very unsuccessful as multipliers are nearly zero and they even turn negative.

A reduction in the cost of posting vacancies allows firms to increase the number of vacancies
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only when accompanied by a fall in the nominal interest rate. When the interest rate stays

constant, the discounted future values of new vacancies as well as firms’ incentives to post

new vacancies tend to decrease.

Price and Wage Rigidity. Furthermore, we re-examine fiscal multipliers for different

degrees of price rigidity. We set the cost of adjusting prices, ψ, to 9.9 and 58 to generate a

slope of the log-linear Phillips curve consistent with an average price duration of two and four

quarters, respectively. When considering the demand stimulus, higher price rigidity increases

the short and long run fiscal multipliers (both for the aggregate demand and for the GDP).

This is so both, for the case of lump sum taxation and for distortionary taxation. This is in

line with the results found by the previous literature examining New Keynesian models with

Walrasian labor markets. When considering an increase in the hiring subsidy, some degree

of price rigidity seems to make the fiscal stimulus more powerful, although the relation does

not seem to be always monotonic. Importantly, results show that, independently of the

degree of price rigidity, matching frictions dampen fiscal multipliers when demand stimuli

are considered.

This finding is also true when considering real wage rigidity or when varying the worker’s

bargaining power. We consider those two additional cases as they are the hypothesis consid-

ered in the literature to solve the so-called Shimer puzzle. First, we assume wages to be set

according to the partial adjustment equation wt = γwt−1 + (1− γ)w∗

t , where w∗

t is described

by the baseline wage equation (20) and the degree of real wage rigidity, γ, is calibrated to

0.9. An increase in aggregate demand produces an increase in wages which induces a fall

in vacancy posting and thus employment. Under real wage rigidity, the upward pressure on

wages is dampened which gives rise to larger multipliers. However, our results show that

the effects of a demand stimulus are still considerably smaller when the model with search

frictions is compared to a model with a Walrasian labor market.

Finally, we vary the workers’ bargaining power, ς. Even in this case previous results are

largely confirmed.
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5 Endogenous Labor Market Participation

As standard practice in the New Keynesian models with search and matching frictions, we

assumed inelastic labor supply in the model. One however could ask whether our results

are robust to the introduction of an intensive margin. Fiscal policy could deliver higher

multipliers by increasing labor market participation, particularly in models featuring invol-

untary unemployment. To test whether this is indeed the case, we introduce endogenous

labor market participation as in Campolmi and Gnocchi (4). While we refer to that paper

for a thorough explanation of the model with endogenous participation, here we underline

the main differences with respect to the baseline model used so far.

Household’s size is still normalized to 1 but now only a fraction nt of family members

actively participates into the labor market while 1− nt voluntarily choose non-employment.

The non-participant family members allocate their time to home production activity10. Ex-

pected life time utility of the household can be written as:

E0

{

∞
∑

t=0

βt
[

c1−σt

1 − σ
+ Φ

[1 − nt]
1+ν

1 + ν

]

}

(29)

where Φ is a scaling parameter used to pin down the steady state participation rate and −ν

is the inverse of the Frisch elasticity of labor supply.

The presence of endogenous participation does not alter the optimal choice of {ct, Bt}
∞

t=0,

thus conditions (3) and (4) are unchanged.11 Maximizing (29) with respect to {nt}
∞

t=0 subject

to the budget constraint and the low of motion for employment 12 et = (1−ρ)(1−ft)et−1+ftnt,

gives the following new first order condition13:

10Here we assume that only non-participants can allocate their time to home production. A more general
specification where also unemployed workers contribute to home production is presented in the appendix.

11When solving their consumption/saving problem, households are subject to the same budget constraint
as in the previous model, the only difference being that the unemployment benefit is perceived only by family
members actively searching for a job, i.e. the total unemployment benefits payed to the household is now
given by b(nt − et). This however has no consequences for the optimal consumption/saving decision.

12Note that this is just an alternative way of writing equation (7).
13We are already imposing a constant consumption tax, consistently with the analysis conducted with the

benchmark model.
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[

1 − ft
ft

]

((1 + τ c)Φhνt c
σ
t − b) = wt(1 − τnt ) − (1 + τ c)Φhνt c

σ
t (30)

+ β(1 − ρ)Et

{(

ct
ct+1

)σ
(1 − ft+1)

ft+1

((1 + τ c)Φhνt+1c
σ
t+1 − b)

}

where ht ≡ 1−nt is the home production. This is the first difference with respect to the basic

model. The second difference is the low of motion for searching workers at the beginning of

period t, that now includes also new participants, ut = nt − (1 − ρ)et−1. The introduction

of endogenous participation has no direct consequences on the production sector and on the

wage formation.

Compared to the baseline model, we now have one more endogenous variable, nt, and

two parameters, Φ and ν. Φ is chosen using (30) to target a steady state participation rate

n = 0.66, consistent with the evidence for the U.S. We set the inverse of the Frisch labor

supply elasticity to ν = −5, a standard value in the literature.

With this richer framework we re-asses the fiscal multipliers associated to both a gov-

ernment spending shock and a temporary increase in the subsidy to the cost of posting a

vacancy, again considering different financing schemes. As Figure 10 and Figure 11 show,

indeed both shocks increases labor market participation. This increases the fiscal multiplier

of a government expenditure shock though they still remain considerably below 1 under lump

sum taxation and negative when financing is done using distortionary taxation (Figure 12).

Multipliers associated to a temporary increase in the subsidy are practically unchanged with

respect to the previous case (Figure 13). The main reason is that labor market participa-

tion increases but only marginally and thus can not push up multipliers in a quantitatively

significant way.

6 Bayesian Estimation of the Fiscal Multipliers

To verify whether the results of the baseline model are consistent with empirical evidence we

estimate the structural model using Bayesian estimation methods. The estimated model will
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indeed allow us to measure the actual size of the fiscal multipliers and to compare them with

the ones obtained out of the calibration exercise. The choice of the estimation method is

motivated by the belief that measures of the fiscal multipliers, obtained through the Bayesian

estimation of the DSGE model, are more reliable than estimates based, for instance, on VAR

evidence. In the latter indeed the assumptions imposed to identify the shocks are not enough

to allow direct comparison with the structural model.

The estimation of the model is based on U.S. data for real GDP14, civilian employment15,

GDP deflator16, the Federal fund rate17, the real wage18 and vacancies19. The sample period

goes from 1965Q1 to 2009Q4. All series are logged and de-trended with Hodrick-Prescott

filter except the inflation and the interest rate for which we compute first differences. We

estimate the baseline model by including all fiscal shocks considered in the calibrated model,

alongside with shocks to productivity, monetary policy (e.g. to the nominal interest rate),

marginal cost and matching efficiency. Fiscal shocks, shocks to productivity and to matching

efficiency are modeled as AR(1) processes. The cost-push shock, εinft , and the shock to

monetary policy, εrt , follow a white noise process.

Table 3 shows the estimated parameters, as means of the posteriori distribution, along-

side with the prior distribution and the confidence interval. The prior distributions have

been chosen as follows. All parameters with values lower than one have been assigned a

Beta distribution. For the Taylor coefficient on output we have chosen the Gamma distri-

bution to impose a positivity constraint. Finally, priors for the shocks have been chosen

following previous literature, more specifically Smets and Wouters (28) and Lubik (17). The

values for the estimated parameters are in line with the ones assigned in our calibrated model

and they are significant considering a 90% error band. Particularly the shock to government

14Data for real GDP are taken from OECD statistics.
15Data for civilian employment are taken from Bureau of Labor Statistics.
16Data are taken from Bureau of Economic Analysis.
17Data are taken from FRED database of the Federal Reserve Board.
18Real wages are computed by dividing the hourly compensation by the GDP deflator. The hourly com-

pensation is obtained from the Bureau of Labor Statistics.
19Vacancies are measured from the Help Wanted Index taken from the Bureau of Labor Statistics.
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spending and to the subsidy to the cost of posting vacancies are large and persistent. The

parameter characterizing price rigidity, ϑ̂, and the bargaining power are quite high perhaps

capturing other forms of rigidity of persistence characterizing respectively nominal variables

and labor market variables. Figure 14 shows the posterior density distributions (black lines)

together with the prior distributions (grey lines) and the posterior modes (green dashed

lines). Two things are worth noticing. First, the posterior distribution is shifted relatively

to the prior showing that the data are informative. Second, all posterior distributions are

smooth and unimodal.

We then feed the estimated parameters into the non-linear model and compute the

output multipliers for the government expenditure shock and for the hiring subsidy. The

first is equal to 0.1293 in the short run and to 0.0509 in the long run. Those values therefore

confirm the previous result concerning the fact that multipliers associated with pure demand

stimuli are very small. Repeating the exercise for the hiring subsidy we obtain multipliers

even larger then the one delivered by the baseline calibration, thus confirming that a subsidy

to the cost of posting vacancies may deliver quite big effects on output. Figures 15 and 16

show the impulse responses to a government expenditure shock and to a subsidy shock,

respectively. Both have been computed using the estimated parameters. It is encouraging

to notice that the qualitative and quantitative behavior of all variables is quite sensible and

in line with the one of the calibrated model.20

7 Conclusions

We provide some fiscal calculus for a New Keynesian model with search and matching fric-

tions. We do so by considering fiscal packages in the form of demand stimuli and in the

form of subsidies to the cost of posting vacancies. We also analyze the effects of alternative

forms of financing in terms of lump sum versus distortionary taxation. By comparing the

results obtained in our model with the ones obtained in a standard New Keynesian model,

20This also holds when estimating the model with endogenous labor market participation. Results are
available upon request.
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we find that frictions in the labor market tend to dampen fiscal multipliers when demand

stimuli are considered. This seems to contrast the common wisdom which sees fiscal stimuli

particularly helpful exactly in situations of high unemployment. On the other side, policies

targeted more specifically toward the labor market, particularly those aimed at reducing

labor wedges, such as cost of hiring, are particularly effective in boosting employment and

output. Results are confirmed by estimating the structural model with Bayesian methods.
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A Endogenous Participation

Following Campolmi and Gnocchi (4), a more general specification of the model with endoge-

nous participation allows for the presence of a search cost smaller than one, i.e. unemployed

28



workers allocate only a fraction of their time to the search activity while the rest is used for

home production. The expected life time utility reads as follows:

E0

{

∞
∑

t=0

βt
[

c1−σt

1 − σ
+ Φ

[1 − et − Γ(nt − et)]
1+ν

1 + ν

]

}

(31)

where Γ is the fraction of time that unemployed workers devote to the search activity. When

Γ = 1 searching is very costly because unemployed people spend all their time searching for

a job and thus can not contribute to home production, same as employed people. This is

the assumption used in section 5. When Γ = 0 searching for a job requires no time and

thus unemployed members not matched with a job at time t contribute to home production

like a non-participant. Under this more general specification the first order condition for the

participation decision is given by:

[

1 − ft
ft

]

((1 + τ c)ΦΓhνt c
σ
t − b) = wt(1 − τnt ) − (1 + τ c)Φhνt c

σ
t (32)

+ β(1 − ρ)Et

{(

ct
ct+1

)σ
(1 − ft+1)

ft+1

((1 + τ c)ΦΓhνt+1c
σ
t+1 − b)

}

where ht ≡ 1 − et − Γ(nt − et) is the home production. The introduction of the search

cost smaller than one affects the value function of being unemployed given that now we

decomposed the income of unemployed members into unemployment benefit b and home

production:

V W
t = (1 − τnt )wt − b− Φ(1 − Γ)hνt c

σ
t (1 + τ c) + βEt

{

λt+1

λt
(1 − ρ)(1 − ft+1)V

W
t+1

}

(33)

As a result, solving the Nash bargaining problem between firms and workers gives the fol-

lowing wage schedule:

[1 − τnt (1 − ς)]wt = ςmctzt + ς(1 − ρ)βEt

{

λt+1

λt
κ(1 − τ kt+1)θt+1

}

(34)

+ (1 − ς)[b+ Φ(1 − Γ)hνt c
σ
t (1 + τ c)]

We are now left with one parameter to be calibrated, the cost of search Γ. In the baseline

model we set the replacement ratio to b/w = 0.5, a standard value in the literature when
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the home production is not considered separately. However, since here unemployed family

members receive the unemployment benefit plus contribute to home production, in order not

to increase their outside option with respect to the baseline specification we set b/w = 0.2

being b only the social security benefit, and choose Γ together with the cost of posting a

vacancy κ so as to get a cost of posting a vacancy per filled job equal to 5% of the real wage.21

If we follow this calibration strategy we obtain Γ = 0.32 meaning that searching workers

allocate 1/3 of their time to the search activity. Using this more general specification we

re-compute the multipliers and find them to be quantitatively the same as the one obtained

by setting Γ = 1, like in the main text. Results are available upon request.

21This calibration strategy is the same as in Campolmi and Gnocchi (4) and Gaĺı (11).
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Table 1: GDP multiplier

φ = 0 φ = 0.275

SR multiplier LR Multiplier SR Multiplier LR Multiplier

Demand stimulus

Baseline model 0.0327 0.0327 -0.1958 -0.6665
Interest rate peg 1.4908 0.2562 0.9486 -0.3784
Flexible prices (ψ = 0) -0.0173 -0.0324 -0.0965 -0.7281
Price rigidity ψ = 9.9010 -0.0072 -0.0110 -0.1159 -0.7106
Price rigidity ψ = 58.2524 0.1207 0.0922 -0.2739 -0.5554
Real wage rigidity (γ = 0.9) 0.1412 0.0287 -0.1478 -0.6182
Bargaining power ς = 0.7 0.0394 0.0437 -0.1717 -0.6774
Bargaining power ς = 0.3 0.0108 0.0078 -0.2748 -0.6421
Walrasian labor market 0.5501 0.5499 0.3687 0.1251
Walrasian / Interest rate peg 0.9963 0.6432 0.7889 0.2519
Walrasian / ψ = 0 0.5407 0.5407 0.4690 0.1218
Walrasian / ψ = 9.9010 0.5441 0.5440 0.4233 0.1173
Walrasian / ψ = 58.2524 0.5579 0.5576 0.3380 0.1547

Increase in hiring subsidies

Baseline model 4.3341 4.5421 5.2528 6.0592
Interest rate peg -1.5721 3.1046 -0.3097 4.0887
Flexible prices (ψ = 0) 2.4371 4.5152 2.6880 6.0379
Price rigidity ψ = 9.9010 3.0478 4.5827 3.5751 6.1896
Price rigidity ψ = 58.2524 5.1046 4.2244 5.9689 5.3600
Real wage rigidity (γ = 0.9) 5.0711 4.3669 5.6705 5.7129
Bargaining power ς = 0.7 8.2819 9.5737 9.9397 13.5126
Bargaining power ς = 0.3 3.0177 2.3939 3.8542 2.8683
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Table 2: Aggregate demand multiplier

φ = 0 φ = 0.275

SR multiplier LR Multiplier SR Multiplier LR Multiplier

Demand stimulus

Baseline model 0.0125 0.0262 -0.0968 -0.5739
Interest rate peg 0.6369 0.2073 0.4342 -0.3296
Flexible prices (ψ = 0) -0.0085 -0.0278 -0.0473 -0.6234
Price rigidity ψ = 9.9010 -0.0047 -0.0101 -0.0570 -0.6094
Price rigidity ψ = 58.2524 0.0524 0.0759 -0.1375 -0.4821
Real wage rigidity (γ = 0.9) 0.0662 0.0231 -0.0741 -0.5318
Bargaining power ς = 0.7 0.0273 0.0392 -0.1345 -0.6384
Bargaining power ς = 0.3 -0.0053 0.0034 0.0396 -0.4373
Walrasian labor market 0.5500 0.5499 0.3687 0.1245
Walrasian / Interest rate peg 0.9858 0.6416 0.7852 0.2508
Walrasian / ψ = 0 0.5407 0.5407 0.4690 0.1218
Walrasian / ψ = 9.9010 0.5441 0.5439 0.4233 0.1172
Walrasian / ψ = 58.2524 0.5578 0.5576 0.3377 0.1536

Increase in hiring subsidies

Baseline model 2.1121 3.8749 2.5570 5.1683
Interest rate peg -0.9784 2.6204 -0.2292 3.4805
Flexible prices (θ = 0) 1.1905 3.8623 1.3127 5.1645
Price rigidity ψ = 9.9010 1.4859 3.9168 1.7414 5.2898
Price rigidity ψ = 58.2524 2.1839 3.5954 2.9013 4.5606
Real wage rigidity (γ = 0.9) 2.4690 3.7258 2.7593 4.8743
Bargaining power ς = 0.7 6.4283 8.9492 7.7147 12.6305
Bargaining power ς = 0.3 -0.5332 1.5962 -0.7057 1.9005
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Table 3: Results from the Bayesian estimation including prior distribution and confidence intervals

Parameters Prior distribution Posterior distribution

Type Mean Std. Dev. Mean Confidence interval
Persistence of g shock ρg Beta 0.9 0.05 0.9859 [0.9808 − 0.9918]
Persistence of τk shock ρτk Beta 0.9 0.05 0.9020 [0.8208 − 0.9792]
Persistence of z shock ρz Beta 0.9 0.05 0.9606 [0.9470 − 0.9751]
Persistence of m shock ρm Beta 0.9 0.05 0.9401 [0.8901 − 0.9802]
Risk aversion σ Gamma 2 0.2 2.7342 [2.3777 − 3.0868]

Calvo parameter ϑ̂ Beta 0.66 0.1 0.8748 [0.8507 − 0.8988]
Taylor coeff on inflation φπ Normal 1.5 0.1 1.6653 [1.5477 − 1.7834]
Taylor coeff on output φy Gamma 0.125 0.05 0.0656 [0.0257 − 0.1060]
Interest rate smoothing φr Uniform 0.5 0.2887 0.7607 [0.7272 − 0.7934]
SS unemployment rate u Beta 0.12 0.1 0.1887 [0.1263 − 0.2482]
Matching technology ξ Beta 0.5 0.25 0.0454 [0.0008 − 0.0879]
Separation rate ρ Beta 0.07 0.015 0.1181 [0.0869 − 0.1482]
Bargaining power ς Beta 0.5 0.25 0.9649 [0.9278 − 0.9998]
SS firm matching rate q(θ) Beta 0.7 0.1 0.7309 [0.6878 − 0.7685]
Std. dev. g shock ε

g
t Inv Gamma 0.01 1 0.2453 [0.1489 − 0.3651]

Std. dev. τk
t shock ετk

t Inv Gamma 0.01 1 0.0084 [0.0023 − 0.0152]
Std. dev. tech shock εz

t Inv Gamma 0.01 1 0.0069 [0.0063 − 0.0075]
Std. dev. matching shock εm

t Inv Gamma 0.01 1 0.0362 [0.0301 − 0.0424]
Std. dev. monetary shock εr

t Inv Gamma 0.01 1 0.0027 [0.0025 − 0.0030]

Std. dev. cost shock ε
inf
t Inv Gamma 0.01 1 0.0054 [0.0049 − 0.0059]
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Figure 1: Government spending multipliers in a model with search frictions

34



0 10 20 30 40 50
−0.1

0

0.1

time

%
 d

ev
ia

tio
n 

fr
om

 s
.s AGGREGATE DEMAND

0 10 20 30 40 50
−0.4

−0.2

0

time
%

 d
ev

ia
tio

n 
fr

om
 s

.s CONSUMPTION

 

 

φ=0
φ=0.275
φ=1

0 10 20 30 40 50
−0.1

0

0.1

time

%
 d

ev
ia

tio
n 

fr
om

 s
.s EMPLOYMENT

0 10 20 30 40 50
−2

−1

0

1

time

%
 d

ev
ia

tio
n 

fr
om

 s
.s VACANCIES

0 10 20 30 40 50
−0.5

0

0.5

time

%
 d

ev
ia

tio
n 

fr
om

 s
.s REAL INTEREST RATE

0 10 20 30 40 50
0

0.2

0.4

time

%
 d

ev
ia

tio
n 

fr
om

 s
.s INFLATION

Figure 2: Impulse responses to a one percent temporary increase in government spending in a
model with search frictions
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Figure 3: Government spending multipliers in a model with a Walrasian labor market
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Figure 4: Impulse responses to a one percent temporary increase in government spending in a
model with a Walrasian labor market
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Figure 5: Impulse responses to a one percent temporary increase in government spending with
lump sum taxation
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Figure 6: Fiscal multipliers for a 1 percentage point temporary increase in the subsidy to the cost
of posting vacancies
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Figure 7: Impulse responses to a one percentage point temporary increase in the subsidy to the
cost of posting vacancies
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Figure 8: Response of GDP under a temporary increase in government spending (left column) and
under a temporary subsidy to the cost of posting vacancies (right column) starting from a recession
scenario for φ = 0 (first row) and φ = 0.275 (second row)
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Figure 9: Response of employment under a temporary increase in government spending (left col-
umn) and under a temporary subsidy to the cost of posting vacancies (right column) starting from
a recession scenario for φ = 0 (first row) and φ = 0.275 (second row)
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Figure 10: Impulse responses to a one percent temporary increase in government spending in a
model with search frictions and endogenous participation
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Figure 11: Impulse responses to a one percentage point temporary increase in the subsidy to the
cost of posting vacancies in a model with search frictions and endogenous participation
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Figure 12: Government spending multipliers in a model with search frictions and Endogenous
Participation
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Figure 13: Fiscal multipliers for a temporary increase in the subsidy to the cost of posting vacancies
in a model with search frictions and Endogenous Participation

46



0 0.2 0.4 0.6
0

50

100

150

SE_ug

0.02 0.04 0.06
0

50

100

150

SE_ub

−0.02 0 0.020.040.060.08
0

50

100

150

SE_u_tau_k

0.01 0.02 0.03 0.04 0.05
0

500

1000

SE_uz

0.01 0.02 0.03 0.04 0.05
0

1000

2000

SE_u_tau_c

0.01 0.02 0.03 0.04 0.05
0

500

1000

SE_uinf

0.7 0.8 0.9 1
0

50

100

rhog

0.7 0.8 0.9 1
0

5

10

15

20

rhob

0.7 0.8 0.9 1
0

2

4

6

8

rhok

Figure 14: Estimated Parameter Distribution

0.7 0.8 0.9 1
0

10

20

30

40

rhoz

2 3 4
0

0.5

1

1.5

2

sigma

0.4 0.6 0.8
0

10

20

calvo

1.2 1.4 1.6 1.8 2
0

2

4

6
phi_p

0 0.1 0.2 0.3
0

5

10

15

phi_y

0 0.2 0.4 0.6 0.8
0

5

10

15

20

phi_r

0.1 0.2 0.3 0.4 0.5
0

5

10

ubar

0 0.2 0.4 0.6 0.8
0

5

10

15

csi

0.05 0.1 0.15 0.2
0

10

20

ro

Figure 14: — Continued
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Figure 15: Impulse responses to a one percent temporary increase in government spending using
estimated parameters
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Figure 16: Impulse responses to a one percentage point temporary increase in the subsidy to the
cost of posting vacancies using estimated parameters
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