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Abstract

We estimate a New Keynesian model with matching frictions and nominal wage rigidities on

UK data. We are able to identify important structural parameters, recover the unobservable

shocks that have a¤ected the UK economy since 1971 and study the transmission mechanism.

We show that in a model with matching frictions, whether nominal wage rigidities are relevant or

irrelevant for in�ation dynamics depends on the parametrisation. At the estimated equilibrium,

we �nd that wage rigidities are irrelevant, despite improving the empirical performance of the

model. The reason is that with matching frictions, marginal costs depend on unit labour costs

and on an additional component related to search costs. Wage rigidities a¤ect both components

in opposite ways leaving marginal costs and in�ation virtually una¤ected.
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1 Introduction

Dynamic, stochastic, general equilibrium models based on the New Keynesian paradigm have be-

come a powerful tool to investigate the propagation of shocks and in�ation dynamics.1 In this

framework price rigidities establish a link between nominal and real activity: if nominal prices

are staggered, �uctuations of nominal aggregates trigger �uctuations of real aggregates. Using this

framework, seminal work by Gali and Gertler (1999) has documented that the dynamic behaviour of

in�ation is tightly linked to �rms�marginal cost (represented by unit labour cost), whose dynamics

crucially depend on the functioning of the labour market.

Gali and Gertler (1999) assume frictionless labour markets. However, empirical evidence from

virtually all the major industrialised countries, as surveyed by Bean (1994) and Nickell (1997),

shows that labour markets are characterised by frictions that prevent the competitive allocation

of resources. As shown in Krause and Lubik (2007), these frictions, once incorporated in a New

Keynesian model, enrich the notion of marginal cost, by incorporating the costs of establishing a

work relationship over and above the unit labour cost, thereby, in principle, altering the dynamics of

in�ation. A growing number of empirical studies document that embedding labour market frictions

into a standard New Keynesian model increases the model�s empirical performance and enables a

more accurate description of in�ation dynamics.2

The contribution of our paper is two-fold. First, we build on these previous studies to estimate

a New Keynesian model characterised by labour market frictions using UK data. This estimation

allows us to estimate the structural parameters of the United Kingdom economy, the unobservable

shocks and study their transmission mechanism. Second, we investigate how staggered nominal

wage negotiations a¤ect the propagation of shocks and the ability of the model to �t the data. To

this end, the theoretical framework allows, but does not require, nominal wage rigidities to a¤ect

the model�s dynamics, therefore leaving the data to establish the importance of wage rigidities. In

particular, this estimation strategy allows us to investigate the e¤ect of nominal wage rigidities on

in�ation dynamics.

Our �ndings are the following. First, we estimate important structural parameters of the labour

market that characterise the British economy. In particular, we identify a relatively low Frisch

elasticity of labour supply, re�ecting the fact that employment is more volatile along the extensive

margin than the intensive margin. The bargaining power of the workers is estimated to equal

about 0.9. This estimate implies a �rm�s surplus of approximately 10% relative to productivity,

which is higher than the value of 2.5% in Hagedorn and Manovskii (2008) needed to match the

unemployment volatility in US data. The habit persistence parameter is close to zero, di¤erently

from the high value of approximately 0.6 in US data. We �nd that on average prices adjust every two

quarters, in line with UK micro-estimates in Bunn and Ellis (2009), whereas the average frequency

1See Smets and Wouters (2003, 2007) for an extensive application of this framework.
2Noticeable examples, documented below, are Gertler et al (2008), Christo¤el, Kuester and Linzert (2009), Krause

et al (2008b), Zanetti (2010) and Ravenna and Walsh (2008).
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of wage negotiations is about three quarters. We also provide estimates for the monetary authority�s

reaction function. We �nd that the monetary authority�s response to in�ation is particularly strong,

there is a mild degree of interest rate inertia and a weak response to output �uctuations.

The estimated model allows us to characterise the transmission of shocks. We investigate how

the model variables react to supply and demand shocks, and we �nd that neutral and investment-

speci�c technology shocks are more important than other shocks in explaining the data. Finally,

using a Kalman �lter on the model�s reduced form we provide estimates for the unobservable shocks

that characterised the post-1970s� British economy. In general, we �nd that the magnitude of

some shocks has somewhat decreased in the period between the mid-1990s and the mid-2000s. In

particular, similarly to studies for other countries, we �nd that the volatility of monetary policy

shocks declined during this period. These �ndings corroborate the results of empirical studies, such

as Benati (2007) and Bianchi et al (2009), which detected a period of macroeconomic stability

triggered by a lower volatility of shocks in the United Kingdom during the same time span.

We establish that staggered wage-setting enables the model to �t the data more closely. However,

we �nd that at the estimated equilibrium wage rigidities are irrelevant for in�ation dynamics. This

result echoes the �ndings by Krause and Lubik (2007). In a frictional labour market in�ation

depends on unit labour costs and on an additional term which is related to labour market frictions,

that is, to the expected change in the search costs incurred in �nding a match. Following a shock,

wage rigidities have a direct e¤ect on the unit labour cost. However, the contribution of unit labour

costs to marginal costs is o¤set by the contribution of the component related to labour market

frictions. We elaborate more on the intuition in the main text. This result holds for all the shocks

in our model economy and stands in sharp contrast with those obtained in New Keynesian models

with competitive labour markets. Absent search frictions in the labour market, the dynamics of

in�ation are only driven by the unit labour costs. It follows that wage rigidities generate in�ation

persistence by making unit labour costs more persistent (see Christiano et al (2005)).

In this paper we also investigate whether the irrelevance of wage rigidities for in�ation dynamics

is built into the model, which potentially may prevent wage rigidities from a¤ecting the dynamics

of in�ation, or it is a consequence of the speci�c estimation. To answer this question we simulate

the theoretical framework by drawing 1,000 times from the parameter priors and we compare the

variance of in�ation from the baseline model with wage rigidities and an otherwise identical model

where wages are �exible. It clearly emerges that the variance of in�ation in the model with �exible

wages is greater than in the model with sticky wages for a wide range of parameter values. So

we �nd that in our model the irrelevance result obtained by Krause and Lubik (2007) only holds

for some particular calibrations. However, for the estimated parameters the variance of in�ation

is identical in the two models. This shows that the theoretical framework allows nominal wage

rigidities to have relevant consequences for in�ation dynamics, but the data prefer a version of the

model in which wage rigidities are irrelevant for in�ation dynamics. This result stands in contrast

with those found by Gertler et al (2008) in a similar analysis of the US labour market.
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The paper is related to several studies. As in Krause and Lubik (2007), Krause et al (2008a,b),

Ravenna and Walsh (2008) and Zanetti (2010), we internalise the importance of labour market

frictions to describe in�ation dynamics, but we also extend the framework to incorporate and test the

empirical relevance of staggered wage-setting. In this respect, our approach is similar to Gertler et al

(2008). However, our work di¤ers from theirs as we allow �rms to change the labour input along both

the extensive and the intensive margin, and we simplify the modelling of wage rigidities following

Thomas (2008). Moreover, by assuming that newly hired workers become immediately productive

we introduce an instantaneous channel from wages to in�ation without departing from e¢ cient

bargaining on hours. As shown by Trigari (2006), under e¢ cient bargaining on hours and a delay

in the timing of the matching function, there is no link between current period wages and marginal

costs. The intuition is straightforward: if it takes time for workers to contribute to production,

�rms can change output only by changing hours. As a result, current period marginal costs will

only depend on hours. But when hours are e¢ ciently bargained the number of hours will depend

only on the ratio between the marginal rate of substitution and the marginal product of labour,

which in turn are independent from wages. In order to introduce a link between current period wages

and marginal costs, a number of authors have abandoned the assumption of e¢ cient bargaining to

investigate the implications of right to manage (Christo¤el and Kuester (2008), Christo¤el and

Linzert (2006), Christo¤el, Kuester and Linzert (2009), Mattesini and Rossi (2008) and Zanetti

(2010)). We build on this literature by showing that a contemporaneous timing of the matching

function restores a wage channel in the presence of e¢ cient bargaining on hours. However, we �nd

that at the estimated equilibrium the wage channel is unable to a¤ect in�ation dynamics. Finally,

di¤erently from all the aforementioned studies, we are the �rst to estimate a model with labour

market frictions and nominal wage rigidities on the UK economy.

The remainder of the paper is organised as follows. Section 2 sets up the model and details

the speci�cation of marginal costs. Section 3 presents the results of the estimation. Section 4 uses

impulse response functions to lay out the transmission mechanism of the model. It then evaluates

the importance of each shock in explaining the dynamics of the endogenous variables, and �nally

uses the reduced form of the model to recover the dynamics of the unobserved shocks. Section

5 investigates whether the irrelevance of wage rigidities for in�ation dynamics is built into the

theoretical framework. Finally, Section 6 concludes.

2 The model

The model combines the search and matching framework in Krause et al (2008a) with the staggered

wage-setting mechanism in Thomas (2008). The economy consists of: households; �rms, comprised

of a continuum of producers indexed by j 2 [0; 1] and retailers; a monetary authority and a �scal
authority. In what follows we explain the structure of the labour market and the problems faced by

households and �rms. We conclude by detailing the speci�cation of marginal costs.
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2.1 The labour market

The matching of workers and �rms is established by the standard matching function M(Ut; Vt) =

mU �t V
1��
t , which represents the aggregate �ow of hires in a unit period.3 The variable Ut denotes

aggregate unemployment and Vt aggregate vacancies, m > 0 captures matching e¢ ciency and

0 < � < 1 denotes the elasticity of the matching function with respect to unemployment. During

each period, vacancies are �lled with probability q(�t) = Mt=Vt; where �t = Vt=Ut denotes labour

market tightness. Constant returns to scale in the matching function imply that workers �nd a job

with probability �tq(�t):

We assume that new hires start working at the beginning of each period t, and at the end of each

period a constant fraction of workers loses the job with probability �: Consequently, the evolution

of aggregate employment Nt is:4

Nt = (1� �)Nt�1 +Mt: (1)

Workers who lose the job at time t�1 can look for a job at the beginning of time t: The stock of
workers searching for a job at time t is therefore given by the number of workers who did not work

in t� 1, 1�Nt�1; plus those who lost their job at the end of the period, �Nt�1. The evolution of
aggregate unemployment is written:

Ut = 1� (1� �)Nt�1:

2.2 Households

The economy is populated by a unit measure of households whose members can be either employed

or unemployed. We follow Merz (1995) and Andolfatto (1996) in assuming that members of the

representative household perfectly insure each other against �uctuations in income. The problem

of the representative household is to maximise an expected utility function of the form

Et

1X
s=0

�s�t+s

24(ct+s � &Ct+s�1)1�� � 1
1� � � �t+s

1Z
0

njt+s
h1+�jt+s

1 + �
dj

35 ; (2)

where � is the discount factor, �t is a preference shock and �t is a labour supply shock. The

variable ct denotes consumption of the representative household at time t, while Ct�1 denotes

aggregate consumption in period t � 1, and & is an index of external consumption habits. The
variable njt denotes the number of household members employed in �rm j; and hjt denotes the

corresponding number of hours. The parameter � governs the degree of risk aversion and � is the

inverse of the Frisch elasticity of labour supply. Consumption ct is a Dixit-Stiglitz aggregator of a

3Note that Ut =
R 1
0
ujtdj and Vt =

R 1
0
�jtdj:

4Note that Nt =
R 1
0
njtdj:
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bundle of di¤erentiated goods:

ct =

0@ 1Z
0

ct(j)
(�t�1)=�tdj

1A�t=(�t�1) ;
where �t is the stochastic elasticity of substitution among di¤erentiated goods. Denoting by pjt the

price of a variety produced by a monopolistic competitor j; the expenditure minimising price index

associated with the representative consumption bundle ct is:

pt =

0@ 1Z
0

pt (j)
1��t dj

1A1=(1��t) :
The household faces the following budget constraint:

It + ct +
Bt
pt
= Rt�1

Bt�1
pt

+

1Z
0

wjt
pt
njthjtdj + (1� nt)b+ rkt kt + dt + Tt; (3)

which dictates that expenditure, on the left-hand side (LHS), must equal income, on the right-hand

side (RHS). The households�expenditure is investment, It, consumption, ct, and the acquisition of

bonds, Bt=pt. Households�income is the stock of bonds Bt�1=pt from previous period t � 1 which
pay a gross nominal interest rate Rt�1, the proceedings from working in the �rms indexed by j,
1R
0

(wjt=pt)njthjtdj,5 and the unemployed bene�ts, b, earned by each unemployed member of the

household. In addition, the household earns proceedings from renting capital, kt, to the �rms at

the rate rkt , the real dividends from owning the �rms, dt, and the net government transfer Tt.

The household chooses ct; Bt and kt+1 to maximise the utility function (2), subject to the budget

constraint in equation (3) and the law of motion for capital,

kt+1 = �tIt + (1� �k)kt; (4)

where �k denotes the rate of capital depreciation and �t denotes an investment-speci�c technology

shock. By substituting equation (4) into (3), and letting �t denote the Lagrange multiplier on the

budget constraint, the �rst-order conditions with respect to ct; Bt and kt+1 are:

�t = �t(ct � &Ct�1)��; (5)

�t = �Et [�t+1Rt=�t+1] ; (6)

5Note that with this notation wjt, njt and hjt are the wage employment and hours of work at �rm j at time t
respectively.
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and

�t = �Et�t+1

h
rkt+1 + (1� �k)

i
; (7)

where �t+1 = pt+1=pt denotes the gross in�ation rate. Equation (5) states that the Lagrange

multiplier equals the marginal utility of consumption. Equations (6) and (7), once equation (5)

is substituted in, are the standard household�s Euler equations that describe the consumption and

capital decisions respectively.

To conclude the description of the household we need to de�ne the marginal value of being

employed and unemployed. The marginal value of employment at �rm j, WE
jt ; is given by:

WE
jt = �t

wjt
pt
hjt � �t�t

h1+�jt

1 + �
+ �Et�t+1

�
�WU

t+1 + (1� �)WE
jt+1

�
; (8)

which states that the marginal value of a job 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:

WU
t = �tb+ �Et�t+1

h
(1� �t+1q(�t+1))WU

t+1 + (1� �) �t+1q(�t+1)ŴE
t+1

i
; (9)

where EtŴE
t+1 =

R 1
0 W

E
jt+1dj is the expected value of employment in t + 1: This equation states

that the marginal value of unemployment is the sum of unemployment bene�ts plus the expected-

discounted value from being either employed or unemployed in t + 1. Using equations (8) and (9)

we determine the household�s net value of employment at �rm j, WE
jt �WU

t , denoted by Wjt, as:

Wjt = �t
wjt
pt
hjt � �tb� �t�t

h1+�jt

1 + �
+ �Et�t+1 (1� �)

h
Wjt+1 � �t+1q(�t+1)Ŵt+1

i
; (10)

where EtŴt+1 =
R 1
0 Wjt+1dj.

2.3 Firms

We assume two types of �rms: producers and retailers. Producers hire workers in a frictional labour

market and rent capital in a perfectly competitive market. They manufacture a homogeneous

intermediate good and sell it to retailers in a perfectly competitive market. Retailers transform

intermediate inputs from the production sector into di¤erentiated goods and sell them to consumers.

As it is standard in the New Keynesian literature, we assume staggered price adjustment à la Calvo

(1983). In what follows we describe the problems of the producers and retailers in detail.

Producers

There is a continuum of producers of unit measure selling homogeneous goods at the competitive

price 't. During each period t, �rm j manufactures yjt units of goods according to the following
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production technology yjt = At (njthjt)
� k1��jt , where At is a stochastic variable capturing neutral

technology shocks. We assume constant returns to scale in production implying that all �rms have

the same capital-labour ratio kjt=njthjt = kt=ntht for all j. Consequently, the marginal product of

labour is also equalised across �rms such that mpljt = mplt:

Firms open vacancies at time t to choose employment in the same period; the cost of opening

vacancies is C(vjt) = av"cjt ; where a > 0 is a scaling factor and "c > 1 is the elasticity of hiring

costs with respect to vacancies: The vacancy cost function is assumed to be convex in order to

produce an equilibrium where all the �rms post vacancies. If the vacancy cost function were linear

all �rms would face the same marginal vacancy posting cost. Since we assume staggered nominal

wage negotiations, it follows that only the �rm with the lowest wage would hire at equilibrium. In

our model wage dispersion implies that �rms with high wages face low marginal return from search

and low marginal vacancy posting costs since they hire only a relatively small number of workers.

The problem of the �rm is to choose vjt, njt and kjt+1 to maximise the present value of future

discounted pro�ts:

maxEt

1X
s=0

�s
�t+s
�t

�
't+syt+s �

wjt
pt
njt+shjt+s � C(vjt+s)� kjt+srkt+s

�
;

subject to the production function and the law of motion for employment:

njt = (1� �)njt�1 + vjtq(�t): (11)

Since households own the �rms, future pro�ts are discounted at the rate �s�t+s=�t: Letting Jjt
denote the Lagrange multiplier on the employment constraint (11), the �rst-order conditions with

respect to kjt+1, vjt and njt are:

rkt = 't (1� �)At (njthjt)
� k��jt ; (12)

C0(vjt)
q (�t)

= Jjt; (13)

Jjt = 't�At (njthjt)
��1 k1��jt hjt �

wjt
pt
hjt + � (1� �)Et

�t+1
�t

Jjt+1: (14)

Equation (12) implies that returns to capital equalise the marginal revenue product. Equation (13)

implies that the per period cost of �lling a vacancy C0(vjt) times the average vacancy duration
1=q (�t) must equal the shadow value of employment Jjt: Equation (14) shows that the shadow

value of employment to the �rm equals current period pro�ts, ie, the marginal revenue product of

employment net of wage costs, plus the continuation value. Substituting equation (13) into equation
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(14) yields the standard job creation condition:

C0(vjt)
q (�t)

= 't�At (njthjt)
��1 k1��jt hjt �

wjt
pt
hjt + � (1� �)Et

�t+1
�t

C0(vjt+1)
q (�t+1)

; (15)

which states that the cost of hiring an additional worker (LHS) equals the marginal bene�t (RHS)

that the additional worker brings into the �rm.

Retailers

There is a unit measure of retailers who transform homogeneous goods from the production

sector into di¤erentiated goods. Monopolistic competition implies that each retailer j faces the

following demand for its own product

cjt =

�
pjt
pt

���t
ct; (16)

where ct is aggregate demand of the consumption bundle. Each retailer produces cjt units of output

using the same amount of inputs from the production sector. We assume price stickiness à la Calvo

(1983), meaning that during each period a random fraction of �rms, �p, are not allowed to reset

their price.

The problem of the retailers is to choose pjt to maximise:

maxEt

1X
s=0

�sp�
s�t+s
�t

�
pjt
pt+s

� 't+s
�
cjt+s;

subject to the demand function (16). The optimal pricing decision is:

Et

1X
s=0

�sp�
s�t+s
�t

�
p�t
pt+s

� �t
�t � 1

't+s

�
= 0; (17)

where p�t is the optimal price chosen by all �rms renegotiating at time t. This implies that forward-

looking �rms choose the optimal price such that the time-varying mark-up is equal to �t= (�t � 1).
Since �rms are randomly selected to change price, the law of motion for the aggregate price level is:

p1��tt = �pp
1��t
t�1 + (1� �p) (p�t )

1��t : (18)

2.4 Wage bargaining

Similarly to the price-setting decision, we assume staggered nominal wage negotiations, meaning

that each period only a random fraction of �rms, 1 � �w, is allowed to renegotiate on nominal
wages. Following Thomas (2008) we assume that the wage set by the renegotiating �rm j satis�es
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the following sharing rule:

�tJ
�
jt = (1� �t)

W �
jt

�t
; (19)

where �t � �"�t is the stochastic bargaining power of the workers and the superscript * denotes

renegotiating workers and �rms. This sharing rule implies that renegotiating workers obtain a

fraction of the total surplus equal to their bargaining power.

Notice that this is di¤erent from Nash bargaining. With Nash bargaining wages maximise a

weighted average of the joint surplus. Nash bargaining delivers the sharing rule, equation (19), only

if wages are continuously renegotiated. As shown by Gertler and Trigari (2009), Nash bargaining

implies that, in the presence of staggered nominal wage negotiations, the share parameter �t in

equation (19) would �uctuate over the cycle even if it were not subject to shocks. This follows from

the fact that workers and �rms face di¤erent time horizons when they consider the e¤ects of di¤erent

wages. However, Gertler and Trigari (2009) suggest that this �horizon e¤ect� has quantitatively

negligible implications. We therefore choose to follow Thomas (2008) and adopt the sharing rule in

equation (19) as it simpli�es the analysis considerably.

With staggered wage negotiations, the shadow value of employment at �rm j to the household

that is allowed to renegotiate can be rewritten from equation (10) as follows:

W �
jt

�t
=
w�jt
pt
hjt � ewjt + �Et�t+1

�t
(1� �)

�
�w
Wjt+1jt
�t+1

� (1� �w)
W �
jt+1

�t+1

�
; (20)

where the worker�s opportunity cost of holding the job, ewjt, is equal to:
ewjt = b+ �t�t

�t

h1+�jt

1 + �
+ �Et

�t+1
�t

(1� �) �t+1q(�t+1)
Ŵt+1

�t
:

The net value of employment to the household conditional on wage renegotiation at time t (equation

(20)), equals the net �ow income from employment, (w�jt=pt)hjt � ewjt, plus the continuation value,
which is the last term on the RHS. The latter is equal to the sum of the marginal discounted value

of employment in t+ 1 conditional on the wage set at time t, if the �rm does not renegotiate with

probability �w, and the value of employment in t+1 conditional on a renegotiation, with probability

1� �w: Similarly, the shadow value of employment to the renegotiating �rm j can be written:

J�jt = wjt �
w�jt
pt
hjt + (1� �)Et

�t+1
�t

�
�wJjt+1jt + (1� �w)J�jt+1

�
; (21)

where wjt = 'tmplthjt denotes the marginal revenue product: The marginal value of employment

for a renegotiating �rm equals the net �ow value of the match plus the continuation value. In turn,

this equals the marginal value of employment in t+1 conditional on the previous period wage, with

probability �w, and the marginal value conditional on a wage renegotiation, with probability 1��w.
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Iterating equations (20) and (21) forward it is possible to rewrite them as follows:

W �
jt

�t
= Et

1X
s=0

�s
�t+s
�t

(1� �)s�sw
�
w�jt
pt+s

hjt+s � ewjt+s�

+(1� �)(1� �w)Et
1X
s=0

�s+1
�t+s+1
�t

(1� �)s�sw
W �
jt+s+1

�t+s+1
; (22)

and

J�jt = Et

1X
s=0

�s
�t+s
�t

(1� �)s�sw
�
wjt+s �

w�jt
pt+s

hjt+s

�

+(1� �)(1� �w)Et
1X
s=0

�s+1
�t+s+1
�t

(1� �)s�swJ�jt+s+1: (23)

Using the sharing rule in equation (19), equations (22) and (23) imply that:

Et

1X
s=0

�s
�t+s
�t

(1� �)s�sw
�
w�jt
pt+s

hjt+s � wtart+s
�
= 0; (24)

where wtarjt+s = �t+swjt+s + (1 � �t+s) ewjt+s is the total real wage payment to the worker on which
both parties would agree if wages were fully �exible: Substituting for wjt+s and ewjt+s the target
real wage bill can be written:

wtarjt+s = �t'tmplthjt + (1� �t)
"
b+

�t�t
�t

h1+�jt

1 + �
+ �Et

�t+1
�t

(1� �) �t+1q(�t+1)
Ŵt+1

�t

#
: (25)

Equation (25) is standard in the search and matching literature. The target real wage bill

is expressed as a weighted average between the marginal revenue product of the worker and the

opportunity cost of holding a job at the level of hours worked hjt. Given that renegotiating �rms

are randomly chosen, the law of motion for the aggregate nominal wage is given by:

wt = �wwt�1 + (1� �w)w�t ; (26)

where wt =
R 1
0 wjtdj:

2.5 Hours bargaining

We assume that hours and wages are bargained simultaneously and that bargaining on hours is

e¢ cient. Hence, hours satisfy the Nash bargaining criterion:

hjt = argmax

�
W �
jt

�t

��t �
J�jt
�1��t :
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Using the sharing rule (19), the �rst-order condition becomes:

�t�t
�t
h�jt = 'tAt�

2n��1jt h��1jt k1��jt :

This equation states that the marginal rate of substitution, on the LHS, equals the marginal product

of hours, on the RHS. Since the marginal return to the labour input is equalised across �rms at

equilibrium, it follows that members of the household employed in di¤erent �rms work the same

amount of hours, ie, hjt = ht: Solving the �rst-order condition for hours yields:

hjt = �t

 
'tAt�

2n��1jt k1��jt

�t�t
�t

! 1
1+���

: (27)

2.6 Price and wage in�ation

Following Calvo (1983), using equations (17) and (18) we derive the standard New Keynesian

Phillips Curve:

�t = kp ('̂t + �t) + �Et�t+1; (28)

where a hat superscript denotes the variable�s deviation from its steady state, and the coe¢ cient

kp is equal to:

kp �
(1� ��p) (1� �p)

�p
:

Similarly, following Thomas (2008), using equations (24) and (26) we obtain the following equation

for wage in�ation:

�wt = kw

h bwtart �
� bwt + ĥt�i+ � (1� �)Et�wt+1; (29)

where bw denotes the real wage and the coe¢ cient kw is equal to:
kw �

[1� � (1� �) �w] (1� �w)
�w

:

Equation (29) states that the real wage in�ation depends on the gap between the actual and

target real wage bill, bwt + ĥt and bwtart , respectively. In�ation materialises whenever the real wage

bill is below target, that is, whenever the wage bill is below the level that would prevail if wages

were perfectly �exible. The appendix reports the derivation of the wage Phillips curve, equation

(29).
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2.7 Closing the model

The monetary authority sets the nominal interest rate following the Taylor rule:

Rt
R�

=

�
Rt�1
R�

��r ���t
��

�r� � yt
y�

�ry�1��r
"Rt ;

where an asterisk superscript denotes the steady-state values of the associated variables. The

parameter �r represents interest rate smoothing, and ry and r� govern the response of the monetary

authority to deviations of output and in�ation from their steady-state value. The error term "Rt

denotes an i.i.d. monetary policy shock.

The �scal authority is assumed to run a balanced budget:

Bt
pt
= Rt�1

Bt�1
pt

+ Tt + b (1� nt) :

2.8 Marginal costs

In this section we compare the speci�cation of marginal costs in our model against alternative

formulations in the literature. This is important to unveil some key properties of the model and

understand the �ndings detailed in the next section. In a matching model with e¢ cient bargaining

on hours, Trigari (2006) shows that whenever �rms post vacancies at time t to control employment

in the following period, the real marginal cost at time t is independent from wages at time t. The

independence of current period marginal costs from current period real wages is typically referred

to, in the literature, as the lack of a �wage channel�. The intuition is straightforward. Since current

hires contribute to next period employment, in the current period t �rms can change production

only by adjusting hours. This implies that the marginal cost of production at time t depends solely

on hours. With e¢ cient bargaining the number of hours worked is determined by the marginal rate

of substitution between consumption and leisure and the marginal product of labour, and therefore

it is independent from wages in the current period t. It follows that current wages are irrelevant for

current period marginal costs.

Following Trigari (2006), a number of authors such as Christo¤el and Kuester (2008), Christo¤el

and Linzert (2006), Mattesini and Rossi (2009) and Zanetti (2007) have restored the transmission

channel from wages to prices by resorting to alternative bargaining schemes such as the right to

manage. In our model we are able to restore a wage channel at time t while preserving e¢ cient

Nash bargaining. We do so by changing the timing assumption of the matching function. That

is, we allow �rms to control employment at time t by choosing vacancies in the same period, as

described by equation (11). Under this timing assumption, the cost of increasing production at the

margin depends on the cost of hiring an additional worker, which is represented by the wage paid to

the new hire. This can be seen by solving the job creation condition in equation (14) for marginal
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costs 't:

't =
wt
pt

ht
mpet

+
Jt � �Et �t+1�t

(1� �) Jt+1
mpet

; (30)

wherempet = At� (njthjt)
��1 k1��jt hjt denotes the marginal product of employment. From equation

(30), as shown by Krause and Lubik (2007), real marginal costs are equal to the sum of the unit

labour cost and an additional term related to matching frictions. Given that the shadow value of

employment Jt equals the expected hiring cost, the second term on the RHS of equation (30) can

be interpreted as the expected change in search costs. By equation (13), this term depends on the

expected value of labour market tightness in the next period relative to the current period. Had we

assumed that newly hired workers were unable to contribute to production immediately, the decision

on vacancies would only a¤ect next period marginal costs, leaving current period marginal costs

solely dependent on the number of hours, which, due to e¢ cient wage bargaining, are independent

from wages.

3 Estimation

The model is estimated with Bayesian methods. It is �rst loglinearised around the deterministic

steady state. We then solve the model and apply the Kalman �lter to evaluate the likelihood function

of the observable variables. The likelihood function and the prior distribution of the parameters are

combined to obtain the posterior distributions. The posterior kernel is simulated numerically using

the Metropolis-Hasting algorithm.6 We �rst discuss the data and the priors used in the estimation

and then report the parameter estimates.

3.1 Priors and data

The model is estimated over the period 1971:Q1-2009:Q4 using seven shocks and seven quarterly

data series: consumption, investment, in�ation, average hours, employment, the real wage and the

nominal interest rate. The data series are from the O¢ ce for National Statistics data set; the

acronyms are indicated in italics. For consumption, we use data on �household �nal consumption

expenditure�(ABJR) and for investment we use data on �business investment�(NPEL). We de�ne

�output�to be the sum of these two series and the price level to be the implicit de�ator associated

with this measure of output ((NPEK+ABJQ)/(NPEL+ABJR)). Our employment series comes

from the Labour Force Survey (MGRZ ) and our series for average hours is calculated as �total

actual weekly hours worked� (YBUS ) divided by �employment�. We de�ne the nominal wage as

�wages and salaries�(ROYJ ) divided by �total actual weekly hours worked�. The real wage is then

this series divided by our series for the price level. Finally, our nominal interest rate series is the

6We use two blocks of 250,000 draws. The sequence of draws is stable, providing evidence on convergence. An
appendix that details evidence on convergence is available upon request from the authors.
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�London clearing banks�base rate (AMIH ). The series for consumption, investment, average hours,

employment and real wages are logged and then all series are passed through a Hodrick-Prescott

�lter with smoothing parameter 1,600.

The seven shocks in the model are a preference shock, a mark-up shock, a labour supply shock,

a neutral technology shock, a bargaining power shock, an investment-speci�c technology shock and

a monetary policy shock. All shocks, with the exception of monetary policy shock, are assumed

to follow a �rst-order autoregressive process with i.i.d. normal error terms such that ln�t+1 =

�� ln�t+�t, where the shock � 2 f�; �; �; A; �; "�g, 0 < �� < 1 and �t � N (0; ��) : Monetary policy
shocks "Rt are i.i.d.

The model contains 19 structural parameters, excluding the shock parameters. A �rst attempt to

estimate the model showed that the estimation procedure was unable to provide plausible estimates

for some structural parameters. As in other similar studies, we calibrated these parameters in order

to match important stylised facts in the data. We start by discussing the �xed parameters, whose

values are summarised in Table A. The discount factor � is set at 0.99 implying a real interest

rate of 4%. The labour share parameter � is set equal to 0.69 in order to match the observed

labour share over the period of the estimation and the capital depreciation parameter �k is set at

0.025 to match an average annual rate of capital destruction of 10%. The elasticity of the vacancy

cost function, "c, is also �xed. This parameter is set at 1.1, a value which is relatively close to

the standard assumption of linear adjustment costs, and satis�es the assumption of convexity. The

unemployment bene�ts coe¢ cient, b, is calibrated to match a replacement ratio of 0:58, as in OECD

(2007). This parameter is important to generate ampli�cation of labour market variables. As shown

by Hagedorn and Manovskii (2008), values of b close to unity generate responses of unemployment

and vacancies to productivity shocks that are close to the data. When b is high, the value of a job to

the worker is very close to the value of unemployment. In such instance the surplus of a job is very

small and tiny changes in the productivity of the labour input produce a high percentage change in

the total surplus of a match, boosting the response of employment. The elasticity of the matching

function, �, is set to 0:7, as estimated by Petrongolo and Pissarides (2001) for the UK economy.

The constant of the matching function, m, is set equal to 0.5 to match the job-�nding rate of 35%,

in line with evidence from the Labour Force Survey (LFS). The job destruction rate, �, is set to

0:03, as estimated by Bell and Smith (2002) using LFS data. Finally, the elasticity of demand, �, is

set to 11, a value suggested in Britton et al (2000), which implies a steady-state mark-up of 10%.

Finally, the steady-state gross in�ation rate, �, is set equal to 1.

The remaining parameters are estimated. We use the beta distribution for parameters that take

sensible values between zero and one, the gamma distribution for coe¢ cients restricted to be positive

and the inverse gamma distribution for the shock variances. Tables B and C report priors, posterior

estimates and 90% con�dence intervals for the structural and shock parameters respectively.

The prior mean of the relative risk aversion, �, is set equal to 0.66. The prior mean of the index

of external habit, &, is set at its middle value of 0.5, as in Gertler et al (2008). The prior mean of the
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inverse of the Frisch elasticity of labour supply, �, is set equal to 1, as in Krause et al (2008a). The

prior mean of the scaling factor of the cost of posting a vacancy, a, is set equal to 3 such that the

cost of posting a vacancy is approximately 1% of total output at the steady state, as in Blanchard

and Gali (2010). The prior mean of the worker bargaining power, �, is set to 0.5, such that the �rm

and the worker they equally split the surplus from working.

The prior mean of the Calvo parameter on prices, �p, is set to 0.5 in order to match an average

duration of prices of about six months, in line with the evidence in Bunn and Ellis (2009) for the UK

economy. We take an agnostic view on whether wages are more �exible than prices, and therefore

set the prior mean of the Calvo parameter on wages, �w, to 0.5.

We choose the prior means of the Taylor rule response to in�ation, r�, output, ry, and the

interest rate smoothing parameter, �r, equal to 1.5, 0.125 and 0.5 respectively. These values are

commonly used in the literature.

Finally, Table C reports the prior distributions of the shock parameters. The prior mean of the

autoregressive parameters is set equal to 0.8 and the prior mean of the standard errors is set equal

to 0.002 for all the shocks. For the prior mean of the autoregressive parameters we choose values

that are in between those selected by Gertler et al (2008) and Krause et al (2008a).

3.2 Parameter estimates

The third, fourth and �fth columns of Table B show the posterior means of the structural parameters

together with their 90% con�dence intervals. The posterior mean of the relative risk aversion � is

equal to 0.73, in the range of estimates in Brown and Gibbons (1985) for the United States. The

posterior mean of the index of external habits & is equal to 0.04, which is substantially lower than

the estimate of 0.57 in Smets and Wouters (2003), therefore ruling out habit in consumption as

an important source to generate persistence in the model. The posterior mean of the inverse of

the Frisch elasticity of labour supply � is equal to 1.6, which is substantially higher than its prior,

and in line with microeconomic estimates as surveyed by Card (1994). This high estimate re�ects

the fact that employment volatility is higher at the extensive margin than at the intensive margin.

Krause et al (2008a) obtain similar results for the United States, although their estimate is higher

than ours.

The posterior mean of the constant of the vacancy cost function a is equal to 1.88, lower than its

prior, which indicates that the model prefers a low cost of posting a vacancy, which is equal to 0.3%

of total output at the estimated equilibrium, similarly to the estimates in Silva and Toledo (2009)

of approximately 0.2% on US data. The posterior mean of the bargaining power of the workers �

is equal to 0.87, thereby indicating that wages are closer to the marginal product of labour. This

estimate is remarkably close to the value of 0.90 in Gertler et al (2008) based on US data. Note that

the value of � and b determine the equilibrium �rm�s surplus that is a key variable for the response

of labour market variables to shocks, as shown in Hagedorn and Manovskii (2008). In particular,
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a low �rm�s surplus increases the response of labor market variables. The posterior means of the

model implies a �rm�s surplus of approximately 10% relative to productivity, which is higher than

the value of 2:5% in Hagedorn and Manovskii (2008).7 The unemployment rate is about 10% at the

estimated equilibrium, slightly higher than the average value of 7% observed in the data, possibly

accounting for the existence of workers who are only marginally attached to the labour force, and

as such do not qualify as unemployed according to the ILO de�nition. This higher unemployment

rate implies that the job �nding rate, around 28%, is somewhat lower than our calibration target

based on LFS data.

The posterior means of the Calvo parameters on the frequency of wage and price negotiations,

�w and �p, are equal to 0.63 and 0.52 respectively, showing that prices adjust more frequently than

wages. These values imply an average frequency of wage negotiations of three quarters, in line

with Dickens et al (2007), and an average frequency of price negotiations of two quarters, in line

with Bunn and Ellis (2009) for the UK economy. However, although the model prefers higher wage

rigidities than price rigidities, the estimation shows a sizable uncertainty around its posterior mean.

Finally, the estimates of the Taylor rule parameters are as follows. The posterior mean of the

interest rate response to in�ation, r�, equal to 1.48 indicates a strong response to in�ation and the

posterior mean of the degree of interest rate smoothing, �r, equal to 0.53 suggests a mild degree of

interest rate inertia. The posterior mean of the response to output, ry, equal to 0.31 shows a weak

response to output.

The third, fourth and �fth columns of Table C show the posterior means of the shock parameters

together with their 90% con�dence intervals. The posterior means of the persistence parameters ��
and �� , equal to 0.84 and 0.88 respectively, indicate that shocks to the labour supply and preferences

are substantially more persistent than the other shocks. The posterior means of the shocks�variance

is close to 1% for all the shocks, with the exception of investment-speci�c technology shocks, �i,

and bargaining shocks, ��, which are more volatile.

In order to establish whether staggered wages are important to match the data, Table D reports

the value of the marginal likelihood function for the estimated models with sticky and �exible

wages respectively. Since the value of the marginal likelihood function associated with the model

with sticky wages is equal to 3466, and substantially higher than the value of 2944 associated with

the �exible wage model, staggered wage-setting enables the model to �t the data more closely,

thereby suggesting that wages rigidities are important to replicate UK data.

7Note that when we estimated the model including time series for vacancies, the �rm�s surplus was similar to
Hagedorn and Manovskii (2008), althought the overall �t of the model was worse.
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4 Impulse response functions, variance decomposition and unob-

served shocks

In this section we investigate, by use of impulse responses, how the shocks are transmitted to

the endogenous variables. In order to disentangle the e¤ect of nominal wage rigidities we use our

baseline model and an otherwise identical model where the Calvo parameter on wages is set to zero

(�w = 0).

Figures 1-7 plot the impulse responses of selected variables to a one standard deviation shock.

Each entry compares the responses of the model with sticky wages (solid line) against those with

�exible wages (dotted line). Figure 1 shows that a one standard deviation mark-up shock leads to

an increase in in�ation. In turn, the resulting increase in the interest rate decreases consumption

and investment. In reaction to the shock, the �rm reduces the labour input along both the intensive

and the extensive margin to decrease production. The qualitative responses of the variables in the

staggered wage model are similar to those in the model with �exible wage-setting, since mark-up

shocks do not induce the �rm to adjust labour market variables di¤erently.

However, it is worth noting that wage rigidities a¤ect the behaviour of nominal and real wages

considerably, but the reaction of marginal costs and in�ation remains remarkably similar in the two

settings. Why are the in�ation dynamics so similar? As detailed in Section 2.8, search frictions

introduce an additional term into marginal costs, over and above unit labour costs, which re�ects

the expected change in search costs. Following a positive mark-up shock, nominal wage rigidities

attenuate the drop in unit labour costs and induce a fall in the frictional component of marginal

costs compared to a �exible wage regime. As a result, marginal costs and in�ation dynamics behave

similarly in the two settings. Wage rigidities attenuate the reaction of unit labour costs as �rms

are not allowed to renegotiate lower wages. At the same time, wage rigidities induce labour market

tightness to fall on impact and then steadily increase. As a result, the �rm�s cost of searching for a

worker falls on impact and it then rises over time.8 The rising pro�le in expected search costs implies

that the �rm can save on future hiring costs by increasing current period hiring. From equation

(30), higher expected search costs next period, translate in lower marginal costs in the current

period. As a result, the impact of wage rigidities on the frictional component of marginal costs

compensates the impact on unit labour costs, leaving total marginal costs unchanged compared to

the case of �exible wages.

Figure 2 shows that in reaction to a one standard deviation neutral technology shock output rises

and, due to the downward sloping demand curve, prices and in�ation fall. Lower in�ation triggers

a lower nominal interest rate, which fosters consumption and investment. The qualitative reactions

of these variables are similar in the �exible and staggered wage models. However, the presence of

staggered wage-setting introduces important di¤erences in the reaction of labour market variables.

Following the shock, the increase in real wages is more persistent in the presence of nominal wage

8Note that the average duration of a vacancy, 1=q(�t), depends only on labour market tightness.
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rigidities. With sticky wages, price de�ation translates into persistently high real wages. With

�exible wages, after an initial increase on impact, nominal wages fall sharply, tempering the increase

in real wages. It is noticeable that vacancies, employment and labour market tightness increase by

less in the presence of sticky wages. The intuition for this is straightforward. A neutral technology

shock increases both the marginal product of labour and the real wage. The di¤erence between

these two determines the incentives for posting vacancies, as dictated by equation (15). Both with

sticky and �exible wages the marginal product of labour increases by more than real wages. With

sticky wages, persistently high real wages imply that the present value of a job is lower, which

induces the �rm to open fewer vacancies.

Figure 3 shows that a one standard deviation labour supply shock reduces hours and exerts

upward pressure on nominal wages by increasing the disutility of work. With �exible nominal wages,

real wages increase, leading to a reduction in vacancies and employment. The sharp reduction in

unemployment raises labour market tightness. On the contrary, with staggered wage bargaining

nominal wage in�ation is lower than price in�ation, which implies that real wages fall. Consequently,

in the sticky wage model, vacancies and employment increase. The fall in unemployment increases

labour market tightness. Wage rigidities do not have a signi�cant impact on marginal costs and

in�ation since the e¤ect produced through unit labour costs is o¤set by the e¤ect of the frictional

component of marginal costs.

Figure 4 shows that a one standard deviation monetary policy shock causes an increase in the

nominal interest rate, and a fall in both in�ation and output. As in the cases of mark-up shocks,

nominal wage rigidities do not alter the qualitative responses of the variables on impact, with the

exception of the reaction of real wages and unit labour costs. In the presence of sticky wages,

vacancies and employment fall in reaction to the shock and price de�ation generates higher real

wages. When wages are continuously renegotiated instead, nominal wages fall at a faster pace than

prices and real wages. Once again nominal wage rigidities have a di¤erent impact on unit labour

costs in the two settings, whose movements are o¤set by the reaction of search costs. This generates

a remarkably similar response in marginal costs and price in�ation in the two settings.

Figure 5 shows impulse responses to a one standard deviation preference shock. The qualitative

responses of the variables are the same for the sticky and �exible settings. The preference shock

generates an increase in consumption and upward pressure on prices. As price in�ation increases,

the nominal interest rate rises, and both investment and output fall. The preference shock induces

the workers to work a lower number of hours, thereby generating lower return from employment.

Hence, the �rm posts fewer vacancies, contracting employment and labour market tightness. Finally,

also in this instance, nominal wage rigidities do not produce any impact on marginal costs, since

search friction costs o¤set movements in unit labour costs. As a result, in�ation dynamics remain

substantially una¤ected by nominal wage rigidities.

As shown in Figure 6, also in the case of a one standard deviation bargaining power shock, the

qualitative reaction of labour market variables is unchanged by wage rigidities. Higher bargaining
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power increases wage and price in�ation. The real wage increases, and consequently vacancies

fall. A higher interest rate decreases consumption and investment, which triggers a fall in output.

Staggered wage negotiations dampen the reaction of both nominal and real wages and, as a result,

of unit labour costs. However, also in this instance, the reaction of the frictional component of

marginal costs largely o¤sets the impact of wage rigidities on unit labour costs, thereby generating

a similar in�ation dynamics across the two models.

Figure 7 plots impulse responses to a one standard deviation investment-speci�c technology

shock. As in the case of other previous shocks, nominal wage rigidities do not a¤ect the qualitative

response of the endogenous variables, with the exception of nominal wage in�ation and real wages.

An investment-speci�c technology shock makes investment more e¢ cient. Given that output is

demand constrained, due to imperfect competition on the goods market, and the low degree of con-

sumption smoothing makes consumption increase on impact, investment falls. As output gradually

increases over time, vacancies and employment increase. Staggered wage negotiations a¤ect the

response of nominal wage in�ation and the real wage, but as for the other shocks, there is virtually

no impact on real marginal costs and price in�ation.

To summarise, we �nd that while wage rigidities might a¤ect the response of labour market

variables, they are substantially irrelevant for the dynamics of in�ation. This echoes the �ndings in

Krause and Lubik (2007), who reach a similar conclusion in a calibrated model with a wage norm

and fewer shocks. This is in stark contrast with the predictions of the standard New Keynesian

model without labour market frictions, as in Christiano et al (2005). In their model unit labour

costs are the only determinant of marginal costs, implying that wage rigidities naturally generate

in�ation persistence. Our analysis shows that in a model with search frictions, the contribution

of unit labour costs for marginal costs is o¤set by movements in search costs, which become an

additional component of marginal costs.

To understand the extent to which cyclical movements of each variable are explained by the

shocks, Table E reports the asymptotic variance decomposition for the model with sticky wages.

Entries show that neutral and investment-speci�c technology shocks explain approximately 60%

of �uctuations in output, which is similar to the �ndings in Gertler et al (2008) on US data.

Investment-speci�c shocks are the main drivers of �uctuations in the nominal interest rate, in�a-

tion, employment, vacancies and wages, while labour supply shocks explain approximately 57% of

�uctuations in hours. Finally, it is interesting to note that the contribution of preference shocks

is sizeable for most variables, while the contribution of mark-up and bargaining shocks is limited.

This is due to the high autocorrelation coe¢ cient of 0.88 for the preference shocks and the low

autocorrelation coe¢ cients for the mark-up and bargaining shocks, as detailed in Table C.

To detail how the exogenous shocks have evolved during the sample period, Figure 6 plots the

estimates of the shocks using the Kalman smoothing algorithm from the state-space representation

of the model with sticky wages. The estimates show that the magnitude of shocks has somewhat

decreased from mid-1990s until mid-2000s, with the exception of labour supply shocks, whose size
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has remained broadly unchanged. Furthermore, similarly to studies for other countries, we �nd that

the volatility of monetary policy shocks declined during the same period. These �ndings corroborate

the results of empirical studies, such as Benati (2007) and Bianchi et al (2009), which detected a

period of macroeconomic stability triggered by a lower volatility of shocks in the United Kingdom

during the same time horizon.

5 Discussion

From the analysis it clearly emerges that wage rigidities are irrelevant for the dynamics of in�ation,

similarly to the �ndings in Krause and Lubik (2007) based on a model calibrated on US data.

This result is in contrast to Gertler et al (2008), who estimate a search and matching model with

staggered wage-setting on US data and detect wage rigidities as important for in�ation dynamics.

Is our result driven by the speci�c model that we develop, which potentially prevents wage rigidities

from a¤ecting the dynamics of in�ation? Or is it a consequence of the speci�c estimation of the

model?

To answer this question, we simulate the theoretical framework by drawing 1,000 times from

the parameters priors in Table B and we compare the variance of in�ation from the baseline model

with wages rigidities and an otherwise identical model where the Calvo parameter on wages is set

to zero (�w = 0). To eliminate extreme responses, we discard the regions of the two distributions

below and above 2.5 and 97.5 percentiles respectively. In this way, we are able to establish if the

two models deliver the same variance for in�ation across a broad range of plausible calibrations,

thereby suggesting that the irrelevance result is mechanically generated by the model. Figure 9

reports the scatter plot of the variance of in�ation in the model with sticky wages (y-axes) against

that with �exible wages (x-axes), and the 45 degree line indicates the values for which the statistics

in the two models are identical. It clearly emerges that most of the scattered points lie below

the 45 degree line, suggesting that the variance of in�ation in the model �exible wages is greater

than in the model with sticky wages for a wide range of parameters�values. However, for some

parameters�values the variance of in�ation in the models is identical, since some of the points lie

on the 45 degree line. In particular, the gray dot in the �gure identi�es the variance of in�ation

in the estimated baseline model and in the otherwise identical model with �exible wages, showing

that the two models generate similar statistics.

6 Conclusion

We have estimated a New Keynesian model characterised by labour market frictions on UK data to

identify some key features of the UK economy. First, we estimated important structural parameters

of the British economy, which enabled the investigation of the transmission mechanism of shocks and

how it is a¤ected by wage rigidities. We established that neutral and investment-speci�c technology
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shocks are important to explain movements in the data. In addition, using a Kalman �lter on

the model�s reduced form we provided estimates for the unobserved shocks that characterised the

post-1970s British economy. Similarly to studies for other countries, we found that the volatility of

shocks declined in the period from the mid-1990s until the mid-2000s, corroborating the evidence

that this factor might have contributed to the macroeconomic stability of the past decade.

Second, we established that staggered wage-setting a¤ects the behaviour of labour market vari-

ables and enables the model to �t the data more closely, despite playing an irrelevant role for the

dynamics of in�ation. In a search and matching model the marginal cost depends on the unit labour

cost as well as on the frictional costs of searching. We show that introducing wage rigidities into

an otherwise identical model with �exible wages generates o¤setting reactions in the frictional costs

of employment and in the unit labour cost. As a result, in�ation dynamics remain substantially

una¤ected. This �nding echoes the results by Krause and Lubik (2007) but is in contrast to Gertler

et al (2008), who �nd that wage rigidities a¤ect in�ation dynamics in an estimated model of the

United States. In this paper we show that the irrelevance of wage rigidities for in�ation dynamics

depends on the parameter estimates of the model, rather than being a feature built into the theo-

retical model. To reconcile the di¤erent �ndings in the literature future research should investigate

the role of the estimated parameter values in determining the link between in�ation and marginal

costs.

While the results do unveil key features of the UK economy, it should also be noted that the

estimation was unable precisely to estimate important labor market parameters of the model, such

as the parameters associated with the matching function, which we �xed prior the estimation,

calling for re�nements to the theoretical setting that could enhance the empirical performance of

the model. Furthermore, although the model developed here allows for a variety of supply and

demand shocks to have e¤ects on the economy, in practice, a variety of other aggregate shocks may

play a role. The re�nement of the theoretical model and the inclusion of additional disturbances

remain outstanding tasks for future research.

7 Appendix A

Derivation of the wage Phillips curve.

A �rst-order Taylor expansion on (24) yields:

Et

1X
s=0

�s(1� �)s�sw
�
logw�jthjt+s � log pt+s + log!h� bwtarjt+sjt� = 0: (31)

Notice from equation (25) in the text that bwtarjt = bwtart . If bwtarjt = bwtart , then equation (24) implies

that w�jt = w
�
t :
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Equation (31) can be rewritten solving for w�t , and expressing the solution recursively:

logw�t = [1� � (1� �) �w]
� bwtart � bw � bht + logwtht�+ � (1� �) �wEt logw�t+1: (32)

The law of motion of the wage index in equation (26) can be rewritten as follows:

logw�t � logwt�1 = �wt; (33)

where �wt = logwt � logwt�1: Using (33), equation (31) can be rewritten as:

�wt = kw

� bwtart � bwt � ĥt�+ � (1� �)Et�wt+1;
where kw = [1� � (1� �) �w] (1� �w) =�w:

8 Appendix B

The log-linear equilibrium conditions:

Euler equations

�̂t = �̂t+1 + rt � �t+1
�̂t = �t � [�= (1� &)] (ĉt � &ĉt�1)

�̂t = �̂t+1 + � (1� �)
'

�

ŷ

k̂

�
'̂t+1 � �̂t+1 + ŷt+1 � k̂t+1

�
Production function

ŷt = Ât + �
�
n̂t + ĥt

�
+ (1� �) k̂t

Resource constraint

ŷt =

�
c

y

�
ĉt +

"ccv
"c

y
v̂t +

i

y
{̂t

Unemployment

ût = �(1� �)
n

u
n̂t�1

Employment

n̂t = (1� �)n̂t�1 + � [�ût + (1� �) v̂t]

Tightness

�̂t = v̂t � ût

Investment
i

k
(̂{t + �t) = k̂t+1 � (1� �k) k̂t
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Job creation

"ccv
"c�1��

m

h
("c � 1) v̂t + ��̂t

i
= �

'

�

y

n

�cmct � �̂t + ŷt � n̂t�� wh� bwt + ĥt�
+(1� �)� "ccv

"c�1��

m

h
("c � 1) v̂t+1 + ��̂t+1 + �̂t+1 � �̂t

i
Target wage bill

bwtart =
1

!h

�
�'mpe ('̂t + dmpet + �t) + (1� �) h1+�1 + �

1

�

�
�̂t + �̂t � �̂t + (1 + �) ĥt

��
��(b+ 1

�

h1+�

1 + �
)�t + � (1� �)�"ccv"c�1�

h
�̂t+1 � �̂t + �̂t+1 + ("c � 1) v̂t+1 + �t

i
Hours

ĥt =
1

(1 + �� �)

h
'̂t + Ât + (�� 1) n̂t + (1� �) k̂t + �̂t � �̂t � �̂t

i
Marginal product of employment

dmpet = Ât + (1� �)�k̂t�1 � n̂t�+ �n̂t
Average real wage bwt � bwt�1 + �t = �wt
Wage in�ation

�wt = kw

� bwtart � bwt � ĥt�+ � (1� �)�t+1
Price in�ation

�t = kp ('̂t + �̂t) + ��t+1

Taylor rule

rt = �rrt�1 + (1� �r) (r��t + ryŷt) + "̂Rt
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Table A: Fixed parameters

Parameters Description Values

� Discount factor 0:99

� Labour share 0:69

�k Capital depreciation rate 0:025

"c Elasticity of the vacancy cost function 1:1

b Unemployment bene�ts 0:58

� Matching function elasticity 0:7

m Constant matching function 0:6

� Job destruction rate 0:03

� Elasticity of demand 11

Table B: Prior and posterior distribution of structural parameters

Description Prior distribution Posterior distribution

5% 95% Mean 5% 95%

� Relative risk aversion Gamma(0:66; 0:2) 0:37 1:03 0:73 0:60 0:86

& Habit persistence Beta(0:5; 0:2) 0:17 0:83 0:04 0:01 0:07

� Inverse Frisch elasticity Gamma(1; 0:1) 0:84 1:17 1:64 1:51 1:77

a Const. vacancy cost function Gamma(2:5; 1) 1:10 4:32 1:88 0:8 3:2

� Workers�bargaining power Beta(0:5; 0:2) 0:17 0:83 0:87 0:84 0:90

�! Calvo wage parameter Beta(0:5; 0:25) 0:10 0:90 0:63 0:37 0:90

�p Calvo price parameter Beta(0:5; 0:25) 0:10 0:90 0:52 0:20 0:80

r� Taylor rule resp. to in�ation Gamma(1:5; 0:05) 1:42 1:58 1:48 1:41 1:51

ry Taylor rule resp. to output Gamma(0:125; 0:05) 0:06 0:22 0:31 0:27 0:35

�r Taylor rule inertia Beta(0:5; 0:2) 0:17 0:83 0:53 0:50 0:55

Note: The table reports the prior and posterior distribution of the estimated structural parameters

together with 5% and 95% con�dence intervals. The numbers in parenthesis are the mean and standard

deviation of the distribution.

27



Table C: Prior and posterior distribution of shock parameters

Description Prior distribution Posterior distribution

5% 95% Mean 5% 95%

Autoregressive parameters:

�� Labour supply Beta(0:8; 0:2) 0:37 0:99 0:84 0:79 0:88

�� Preferences Beta(0:8; 0:2) 0:37 0:99 0:88 0:82 0:93

�� Mark-up Beta(0:8; 0:2) 0:37 0:99 0:36 0:29 0:42

�a Technology Beta(0:8; 0:2) 0:37 0:99 0:24 0:17 0:31

�i Investment Beta(0:8; 0:2) 0:37 0:99 0:44 0:24 0:62

�� Bargaining Beta(0:8; 0:2) 0:37 0:99 0:16 0:07 0:26

Standard errors:

�� Labour supply IGamma(0:002; 0:3) 0:0004 0:0058 0:020 0:017 0:022

�� Preferences IGamma(0:002; 0:3) 0:0004 0:0058 0:008 0:007 0:010

�� Mark-up IGamma(0:002; 0:3) 0:0004 0:0058 0:008 0:007 0:009

�a Technology IGamma(0:002; 0:3) 0:0004 0:0058 0:018 0:016 0:020

�" Monetary policy IGamma(0:002; 0:3) 0:0004 0:0058 0:06 0:005 0:007

�i Investment IGamma(0:002; 0:3) 0:0004 0:0058 0:190 0:130 0:250

�� Bargaining IGamma(0:002; 0:3) 0:0004 0:0058 0:293 0:254 0:334

Note: The table reports the prior and posterior distribution of the estimated structural parameters

together with 5% and 95% con�dence intervals. The numbers in parenthesis are the mean and standard

deviation of the distribution.
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Table D: Marginal likelihood function

Sticky wages 3466

Flexible wages 2944

Table E: Variance decomposition

Preference Labour supply Mark-up Technology Monetary policy Investment Bargaining

r 35 15 1 4 1 45 0

y 21 16 3 31 3 25 1

� 28 16 1 10 8 35 1

h 9 57 14 3 12 5 1

i 39 13 04 38 3 3 1

n 31 8 2 3 2 43 10

v 20 5 7 3 9 31 24

w=p 25 6 2 5 1 39 22
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Figure 1: Impulse responses to a mark-up shock

Notes: Solid lines denote the baseline economy with sticky wages. Dashed lines refer to the economy

with �exible wages. Impulse responses are expressed in percentage deviations from the steady state.
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Figure 2: Impulse responses to a neutral technology shock

Notes: Solid lines denote the baseline economy with sticky wages. Dashed lines refer to the economy

with �exible wages. Impulse responses are expressed in percentage deviations from the steady state.
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Figure 3: Impulse responses to a labour supply shock

Notes: Solid lines denote the baseline economy with sticky wages. Dashed lines refer to the economy

with �exible wages. Impulse responses are expressed in percentage deviations from the steady state.
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Figure 4: Impulse responses to a monetary policy shock

Notes: Solid lines denote the baseline economy with sticky wages. Dashed lines refer to the economy

with �exible wages. Impulse responses are expressed in percentage deviations from the steady state.
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Figure 5: Impulse responses to a preference shock

Notes: Solid lines denote the baseline economy with sticky wages. Dashed lines refer to the economy

with �exible wages. Impulse responses are expressed in percentage deviations from the steady state.
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Figure 6: Impulse responses to a bargaining power shock

Notes: Solid lines denote the baseline economy with sticky wages. Dashed lines refer to the economy

with �exible wages. Impulse responses are expressed in percentage deviations from the steady state.
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Figure 7: Impulse responses to an investment-speci�c technology shock

Notes: Solid lines denote the baseline economy with sticky wages. Dashed lines refer to the economy

with �exible wages. Impulse responses are expressed in percentage deviations from the steady state.

36



Figure 8: Smoothed shocks
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Figure 9: Variance of price in�ation
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Notes: The statistics are derived by drawing 1,000 times from the parameters priors in Table B. The y-

axes reports the variance of in�ation in the model with sticky wages, whereas the x-axes reports the variance

of in�ation in the model with �exible wages (i.e. �w= 0). The gray dot identi�es the variance of in�ation in

the estimated baseline model and in the otherwise identical model with �exible wages.
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