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Abstract

Recent research has shown that the standard labor matching model has
di¢ culties in reproducing the co-movement patterns observed in US data. This
is due to the fact that the standard model lacks su¢ cient propagation of shocks.
This paper shows that re�ning the informational structure of the model leads
to improvements along this dimension: when agents cannot separately identify
persistent and transitory technology shocks on impact (so that they must solve
a signal extraction problem), shocks are propagated. Under this speci�cation
the standard matching model even manages to make recoveries initially jobless,
as in the data.
Key words: imperfect information, labor market matching, signal extrac-

tion, jobless growth
JEL-classi�cation: D80, E32, J63, J64

1 Introduction

The literature on labor market matching models has recently been extended with
some notable contributions that highlight the di¢ culties the standard model has in
replicating the co-movement patterns of variables observed in US data. In particular,
Fujita and Ramey (2007) and Hagedorn and Manovskii (forthcoming) point out that

�I thank Liam Graham, Wouter den Haan and Sweder van Wijnbergen, as well as audiances at
the University of Amsterdam, the NAKE Research Day 2010 and the 25th EEA-meeting in Glasgow
for useful comments and discussions. Any remaining errors are of course mine.
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the contemporaneous correlations of key labor market variables with productivity
are too high in the model. They attribute this failure to a lack of shock propagation:
in the standard model, �rms adjust labor input immediately after a shock has hit,
while the data suggest a much more gradual response.
This suggests that vacancies are too sensitive to productivity shocks in the model.

To overcome this di¢ culty, Fujita and Ramey (2007) introduce a sunk cost for the
creation of vacancies. This turns vacancies into a predetermined variable, as a result
of which they no longer peak on impact of the shock. As shown in their paper, this
modi�cation manages to increase the propagation of shocks substantially. To what
extent sunk vacancy creation costs play a role in reality however remains to be seen
as there is little direct empirical evidence on this.
Moreover, as noted in Hagedorn and Manovskii (forthcoming), the sunk vacancy

creation cost model also generates a near-one correlation between labor market tight-
ness and productivity, which is higher than the one observed in US data.1 Conse-
quently, these authors take a di¤erent approach in solving the aforementioned prob-
lems and introduce a lag in vacancy posting, so that vacancies created today only
enter the labor market (that is: the matching function) k periods from now.2 They
motivate this lag by noting that it may take "�rms time to infer that an aggregate
productivity change has occurred" (p. 4).
This paper is similar in nature, but uses a �ner informational structure to capture

the notion that �rms may need some time to realize that productivity has changed.
In particular, instead of introducing an ad hoc lag in vacancy postings, this paper
models the signal extraction process that is associated with this type of problem.
In a standard matching setup, it is always assumed that the nature of shocks

is fully clear as soon as they materialize: agents know the model structure and to
the extent that the model contains both persistent and transitory shocks, agents
immediately observe which of the two has hit their economy. Unfortunately, things
are less clear in reality: there, recessions and expansions generally cannot be identi�ed
in real time (there exists an announcement lag because there is uncertainty on the
contemporaneous state of the economy; cf. Orphanides and Van Norden 2002),
nor do they come with clear information on their exact length and �erceness. In
modeling terms this implies that people are imperfectly informed on the extent to
which their economy has been hit by a persistent, or a transitory shock. Only by

1Using productivity data based on the Current Population Survey, Hagedorn and Manovskii �nd
a correlation between labor market tightness and productivity of 0:703. If they base themselves on
data from the Current Employment Statistics, this correlation is even lower (about 0:45).

2Given the close analogy to the treatment of capital in Kydland and Prescott (1982), they refer
to this as "time-to-build".
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observing tomorrow�s state, agents are able to extract some additional information on
the nature of today�s shock, which they can subsequently use to update their beliefs
about the contemporaneous state of the economy.3 Consequently, with respect to
taking decisions with some element of irreversibility in them (such as hiring and
�ring decisions), there exists an option value to waiting, as waiting provides you
with valuable additional information (see Willems and Van Wijnbergen 2009, who
analytically show that this option value exists in a labor market setting).
The contribution of this paper is intended to be twofold: �rst, it demonstrates how

a standard labor matching model can be solved under the assumption of imperfect
information by employing the Kalman �lter. Second, it shows that once one allows
for this feature, the model performs much better in propagating productivity shocks.
This paper is structured as follows. First, Section 2 describes the standard match-

ing model, after which Section 3 explains how the model can be solved under im-
perfect information. Section 4 then discusses the calibration, after which Section
5 shows that the introduction of the so-called "persistent-transitory shock confu-
sion" improves the ability of the standard matching model to propagate productivity
shocks. Section 6 checks the robustness of this result and Section 7 concludes.

2 Model description

Let there be a unit mass of individuals available for a job and an in�nite mass of
small �rms, indexed by i. The labor market is subject to matching frictions of the
Diamond-Mortensen-Pissarides type as described in Pissarides (2000, Chapter 1).
Each period, matches are formed via the following aggregate matching function:

m(ut; vt) = Au�t v
1��
t (1)

The number of matches formed thus depends on the number of unemployed work-
ers, ut, and the total number of vacancies posted, vt =

R
vi;tdi. Here, vi;t represents

the number of vacancies posted by �rm i, while the scalar A in equation (1) captures
the e¢ ciency of the matching technology.
Every period, all matched worker-�rm pairs produce zt. The latter is assumed to

be the product of a persistent component (�t) and a purely transitory one ( t):

zt = �t �  t; (2)
3This type of uncertainty particularly showed itself in 2010. At that time, there seemed to be

great uncertainty on whether the recovery to the "Great Recession" was going to persist, or whether
it was just going to be a temporary revival (cf. Warren Bu¤ett arguing the former (The Guardian,
Sept 14 2010), while Nouriel Roubini saw a double dip coming up (The Guardian, Sept 16 2010)).
Only the future reader of this paper will be able to tell which case has materialized.
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with

�t = �
��
t�1 � exp("�;t) (3)

 t = exp(" ;t); (4)

where �� 2 (0; 1) and "s;t � N (0; �2s), s 2 f�;  g.4
By de�ning � as the labor market tightness parameter

�t �
vt
ut
; (5)

one can write the probability that a vacancy is �lled as:

q(�t) �
m(ut; vt)

vt
= m���t (6)

Equivalently, the probability that an unemployed worker �nds a job equals:

p(�t) �
m(ut; vt)

ut
= m�1��t = �tq(�t) (7)

Every period, an exogenous fraction �x of all matches is assumed to be destroyed.
Consequently, employment for each �rm i evolves according to:5

ni;t = (1� �x) [ni;t�1 + vi;tq(�t)] ; (8)

where all �rms take the matching probability q(�t) as given.
Total output of �rm i is given by:

yi;t = ztni;t�1 (9)

As the labor force is normalized to 1, the unemployment rate equals:

ut = 1� nt�1; (10)

4One could interpret the transitory shock  t as a truly transitory productivity shock or as
statistical noise of which agents only �nd out ex post that it has not materialized (see e.g. Bom�m
2001 for an example of the latter interpretation). Although these two interpretations are not
mutually exclusive for large parts of this paper, this distinction does for example matter when the
model is going to be confronted with the data. To minimize deviations from the standard model
(which has only one shock, namely the persistent one), I will follow Bom�m (2001) in the data
confrontation step and interpret  t as statistical noise and use the persistent productivity shock �t
to calculate correlations with.

5Note that my notation is such that all variables carry the subscript that indicates the time
period in which they were decided upon. Hence, nt is a choice variable in period t, while it is a
state variable for period t+ 1.
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with nt�1 =
R
ni;t�1di.

Knowing that per period real vacancy posting costs equal 
; each �rm i sets its
next period�s level of employment (ni;t) via the number of posted vacancies (vi;t) so
as to maximize the discounted stream of expected real pro�ts:

�i;0 = E0

( 1X
t=0

�t [yi;t � wtni;t�1 � 
vi;t]

)
;

subject to production function (9) and the law of motion for employment (8).
The �rm�s �rst order conditions then read:

@ni;t : �t = �Et fzt+1 � wt+1g+ � (1� �x)Et f�t+1g
@vi;t :




q (�t)
= (1� �x)�t

Here, �t is the time t Lagrange multiplier on the employment constraint. It
represents the time t value of having a match for the �rm, which is equal to the
discounted expected value of next period�s pro�t, augmented with the expected con-
tinuation value into period t+2. We can combine the �rst-order conditions to yield:




q (�t)
= (1� �x)�Et

��
zt+1 +




q (�t+1)
� wt+1

��
(11)

This is the job creation condition and states that, at the optimum, the expected
cost of hiring a worker should equal the expected value of a match.
By now, we only need to �nd an expression for the real wage rate, wt. Under

the assumption that workers and �rms Nash-bargain on the matching surplus (with
bargaining weights ! and (1� !) ; respectively) we get that:

wt = b+ ! [zt � b+ 
�t] (12)

Hence, workers receive a real wage that is equal to their outside option b, aug-
mented with a fraction ! of the value of their marginal productivity in excess of
b, plus the average vacancy posting cost an employer saves as long as a match is
sustained.

3 Solution method

After dropping the i-subscripts by symmetry, the equilibrium for this model is de�ned
as:
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De�nition 1 A set of sequences for mt; �t; q(�t); p(�t); yt; nt; ut; vt; wt; zt; �t;  t sat-
isfying equations (1)-(12) augmented with initial values for productivity (�0 and  0)
and an initial level of employment (n0).

The model can be solved by log-linearizing these equations around the deter-
ministic steady state. In the full information case - where the agents in the model
contemporaneously observe the decomposition of the aggregate productivity shock
(zt) into its persistent (�t) and transitory ( t) component - we can de�ne the state of

the system as Xt�1 �
h bnt�1 b�t�1 b t�1 i0 (where a hat above a variable indicates

a log-deviation from the variable�s steady state). Subsequently, we can write the
model in state space form:

Xt = FXt�1 +H"t;

where "t �
�
"�;t " ;t

�0
, E ["t"0t] = �"" =

�
�2� 0
0 �2 

�
, and the dynamic choice

variable bvt obeys: bvt = g0Xt�1

One can then solve the model by standard methods, such as Blanchard and Kahn
(1980).
When information is imperfect, the solution method is slightly more involved

however.6 Here, the informational imperfection consists of the fact that agents can
only see the sum of the persistent and transitory component of productivity. That
is: next to employment nt�1, they only observe zt. Consequently, they are unable to
identify �t and  t contemporaneously. Only as more information arrives over time,
they can form an idea on what type of shock hit them in the past by solving the
signal extraction problem.
They do this in the following way. De�ne the exogenous state vector as Zt �h b�t b t i0 . As these two variables are not separately identi�ed, agents need to

form a contemporaneous estimate of this state. If we refer to this estimate as Ztjt,
the system can be represented as:�

Zt
Ztjt

�
=

�
W11 02�2
W21 W22

� �
Zt�1

Zt�1jt�1

�
+

�
V11
V12

�
"t

with W11 =

�
�� 0
0 0

�
6See for example Nimark (2008) and Baxter et al. (2011) for general accounts of solving models

under informational imperfections.
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However, to solve the system completely, we also need to �nd the law of motion
for the estimate of the imperfectly observed state (Ztjt), i.e. we have to solve for
matricesW21 andW22. As the problem is linear, the optimal way to update the state
estimate is through the Kalman �lter, which the agents in this model are assumed
to do.
The Kalman �lter updating equation reads:7

Ztjt = (W11 +W12)Zt�1jt�1 +K
�
Yt �D (W11 +W12)Zt�1jt�1

�
;

where K is the Kalman gain matrix. It is given by:

K = PD0(DPD0)�1

P = (W11 +W12)
�
P � PD0(DPD0)�1DP

�
(W11 +W12)

0 + V11�""V
0
11

In the above equations, D represents a selection matrix that determines which
variables the agents in the model are able to observe. In this case, the exogenous,
observable state Yt is thus given by Yt = DZt = bzt.
The evolution of Yt occurs according to:

Yt = DW11Zt�1 +DW12Zt�1jt�1 +DV11"t

Plugging this into the Kalman �lter updating equation (and using that W12 =
02�2) yields:

Ztjt = W11Zt�1jt�1 +K
�
DW11Zt�1 +DV11"t �DW11Zt�1jt�1

�
From this equation, we can read the matrix expressions for W21 and W22. Hence,

with imperfect information the evolution of the imperfectly observed state is de-
scribed by:�

Zt
Ztjt

�
=

�
W11 02�2

KDW11 W11 �KDW11

� �
Zt�1

Zt�1jt�1

�
+

�
V11

KDV11

�
"t

At this stage, one should note that certainty equivalence applies (see Baxter et
al. 2011), which means that: bvt = g0Xt�1jt�1;

where Xt�1jt�1 �
� bnt�1 Zt�1jt�1

�0
(recall that the level of employment is as-

sumed to be perfectly observable, as a result of which bntjt = bnt; 8t). Here, certainty
7See Anderson and Moore (1979) for a derivation of the Kalman �lter.

7



equivalence implies that even though �rms know that they only have an imperfect
estimate of the true state, their actions are still as if they have full information.
Using this, one can write the solution to the system under imperfect information as:24 Zt
Ztjtbnt

35 =
24 W11 02�2 02�1
KDW11 W11 �KDW11 02�1
01�2 Q32 f1

3524 Zt�1
Zt�1jt�1bnt�1

35+
24 V11 02�3
KDV11 02�3
01�2 01�3

35� "t
03�1

�
;

where:
Q32 =

�
f2 f3

�
4 Calibration

4.1 Labor market

The model is calibrated at a quarterly frequency. I set the discount factor � equal to
its standard value of 0:99. The matching elasticity parameter � is set at 0:5, which
is in line with the empirical evidence surveyed in Petrongolo and Pissarides (2001).
To abstract from any externalities, I assume that the Hosios-condition holds and set
the bargaining weight for workers (!) equal to 0:5 as well. As in Fujita and Ramey
(2007), the steady state unemployment rate is set equal to 0:08.
Following Den Haan et al. (2000), I set the steady state �rm matching rate q(�)

equal to 0:7. The steady state job �nding probability p(�) = �q(�) is set at 0:6 to
match the average duration of unemployment of 1:67 quarters (Cole and Rogerson,
1999).
To solve the so-called "Shimer (2005)-puzzle" (in short, the lack of shock ampli-

�cation in the standard matching model8) - which is not the aim of this paper - I
follow the solution o¤ered by Hagedorn and Manovskii (2008) and pick a rather high
value for b.9 In particular, I set b equal to 0:9 (so as to bring the standard deviation
of tightness in the benchmark model closer to its empirical counterpart).
Finally, the value of the vacancy posting cost parameter 
 is obtained via the

steady state job creation condition and equals 0:0974 for the above parameterization.

8More precisely, the Shimer-puzzle refers to the fact that the matching model fails to reproduce
the volatility of labor market tightness (�) observed in reality. Shimer (2005) shows that this ratio
is ten times more volatile in US data than in the model for standard calibrations.

9Note that the aim of this paper is to increase the model�s ability to propagate shocks, which is
di¤erent from the ampli�cation issue. Also see the discussion in Fujita and Ramey (2007).
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4.2 Shocks

Following the RBC-literature, the process for the persistent component of produc-
tivity (b�t) is assumed to follow an AR(1) with its persistence parameter �� equal to
0:95 and a standard deviation �� of 0:008.
The parameter that remains to be calibrated (� ) is a crucial one. This is the

standard deviation of the transitory noise component of the productivity shock.
Consequently, � � �2�=�

2
 can be de�ned as the signal-to-noise ratio. In line with

Bom�m (2001)10 and based upon more recent work by Blanchard et al. (2009,
who have estimated � to lie close to unity), I set the signal-to-noise ratio in my
benchmark calibration equal to one. In Section 6, I carry out some robustness checks
by discussing the results for di¤erent signal-to-noise ratios.

5 Model dynamics under imperfect information

5.1 Propagation of shocks

Because agents only observe the sum of the persistent and transitory component of
aggregate productivity, they can only �nd out what type of shock hit them in the
past as more information arrives over time. Figure 1 depicts this signal extraction
process in response to a persistent, one standard deviation, positive productivity
shock for the benchmark calibration.

Figure 1: True and estimated value of a persistent productivity shock
10Bom�m (2001) in turn based himself upon Mankiw et al. (1984, who reported an � of 0:56)

and upon Diebold and Rudebusch (1991, who estimated � to equal 1:3)
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As can be seen from the �gure, agents initially place some weight on the possi-
bility that the shock is just transitory. However, as time passes, agents note that
productivity is high for several periods, and they start to put more weight on the
possibility that they have been hit by a persistent shock. For this benchmark calibra-
tion, the di¤erence between the true and estimated shock becomes negligibly small
after three quarters. This seems reasonable given the fact that NBER business cycle
turning points are announced with an average lag of about four quarters.11

Figure 2 shows what this persistent-transitory confusion implies for the impulse-
response functions (IRFs) of our key variables. As the �gure shows, imperfect infor-
mation increases the propagation of shocks by changing the response of vacancies.
Their impact response is much more muted, while the imperfect information model
also manages to reproduce the hump-shaped response of vacancies found in the data
(see Fujita and Ramey 2007, Ravn and Simonelli 2008 and Fujita 2011).

Figure 2: Impulse responses to a persistent productivity shock

This is caused by the fact that matching frictions make labor adjustment costly,
as a result of which �rms do not want to respond to transitory shocks, while they

11See the announcement dates on http://www.nber.org/cycles/main.html.
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would like to react to persistent ones. But as employers can only disentangle the two
over time, they respond less enthusiastically on impact when they are still uncertain
about the nature of a shock. That is: there exists an option value to waiting.
Consequently, tightness obtains a hump-shaped response with a muted reaction

on impact, thereby making the adjustment of labor input more lagged as well - both
in line with the empirical evidence (see Fujita and Ramey 2007, Figure 4).
To learn more about the model�s internal propagation, it is also instructive to look

at the IRFs to a purely transitory shock (that is: a shock to  ). Then, all spillovers
to future periods stem from the internal propagation of the model. Figure 3 shows
these IRFs. As can be seen from the �gure, employers in the full information case
show no response to this shock at all: vacancy postings do not move. The reason is
that next period (when a fraction of the vacancies posted will result in new jobs, at
the earliest) things are as before again, and employers realize this on impact of the
shock. With imperfect information on the other hand, vacancy postings do move, as
�rms then believe that there is a possibility that the shock is in fact going to persist,
to which they want to guard themselves by posting additional vacancies. This sets
o¤ the dynamics for tightness and employment shown in the �gure.

Figure 3: Impulse responses to a transitory productivity shock
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Under the benchmark calibration, a one standard deviation transitory shock
pushes employment away from its steady state value for about �ve quarters. So
in this setting, purely transitory shocks (potentially even pure noise) can have rela-
tively long-lasting e¤ects on employment; in fact, a series of purely transitory shocks
already generates an employment cycle.
To get a better idea on the impact of informational imperfections on the actual

path followed by employment, Figure 4 displays part of a simulated series for bnt
under the assumption of both perfect and imperfect information, in response to the
same path for productivity (displayed in the upper panel of the �gure).

Figure 4: Typical employment paths under full and imperfect information

As can be seen from Figure 4, the model with imperfect information indeed makes
labor adjustment more lagged: whereas the series for productivity and employment
tend to reach their turning points around the same quarter under full information,
this is no longer the case when information is imperfect (a phase shift has occurred).
Consequently, the model with informational imperfections even succeeds in generat-
ing episodes of jobless growth.12 This corresponds well with reality where the em-

12Look for example at the situation at the end of the sample, where productivity shows a strong
increase as of quarter 27, whereas employment under imperfect information only shows a clear
increase in the 30th quarter. Under full information, employment troughs in quarter 27 as well, just
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ployment cycle also tends to lag the cycles for output and productivity - especially
since the 1980s (cf. Willems and Van Wijnbergen 2009).
As can be read from Table 1, the introduction of informational imperfections also

has its impact on unconditional, HP(1600)-�ltered correlations. Although the corre-
lation between unemployment and productivity undershoots its US data equivalent
in absolute value compared to the full information solution, the other correlations do
move in the desired direction. Most notably, the correlation between vacancies and
productivity falls from 0:927 to 0:810, while the correlation between productivity
and labor market tightness falls from 1:000 to 0:855. Although this is still above the
corresponding value in US data (which equals 0:719 as reported by Hagedorn and
Manovskii (forthcoming)), this is a substantial reduction. In particular, it is similar
to the reduction that Hagedorn and Manovskii (forthcoming) achieve in a reduced
form way via the introduction of a three month planning lag for vacancies.

corr(u; �) corr(v; �) corr(�; �)
Full information �0:654 0:927 1:000
Imperfect information �0:522 0:810 0:855
Empirical �0:633 0:719 0:703

Table 1: Correlations of key labor market variables with productivity

5.2 Ampli�cation of shocks

What does the introduction of imperfect information imply for the ampli�cation of
shocks? That is: is the model still able to match the volatility of our key labor market
variables?
For vacancies, we can actually give an analytical answer to this question, which

is done through the following proposition.
Proposition 1. Under imperfect information the volatility of vacancies is lower than
in the full information case.
Proof. The proof follows Nimark (2008). Recall that vacancies equal g0Xt�1 under
full information and g0Xt�1jt�1 in the imperfect information case. Adding these two

as productivity (and output, which is not displayed in the �gure), and there is no jobless growth.
A similar situation occurs at the beginning of the sample: there, productivity shows a hesitant
recovery as of quarter 7. However, as the persistence of this movement is not immediately clear
to the agents in the model with imperfect information, it takes up to quarter 12 until employment
increases. With full information, employment increases as of quarter 9 already.

13



quantities up enables us to start from the following identity:

g0Xt�1 + g
0Xt�1jt�1 = g

0Xt�1 + g
0Xt�1jt�1

Rearranging yields:

g0Xt�1 = g
0Xt�1jt�1 + g

0 �Xt�1 �Xt�1jt�1
�
;

This says that the full information solution is the sum of the solution under partial
information and a linear function of the estimation error. Given the optimality of
Xt�1jt�1,

�
Xt�1 �Xt�1jt�1

�
is orthogonal to Xt�1jt�1. Consequently, the covariance

between these two terms equals zero and we get that:

g0E
�
Xt�1X

0
t�1
�
g = g0E

�
Xt�1jt�1X

0
t�1jt�1

�
g

+g0E
h�
Xt�1 �Xt�1jt�1

� �
Xt�1 �Xt�1jt�1

�0i
g

Since g0E
h�
Xt�1 �Xt�1jt�1

� �
Xt�1 �Xt�1jt�1

�0i
g is positive de�nite under im-

perfect information, it follows that g0E
�
Xt�1X

0
t�1
�
g > g0E

h
Xt�1jt�1X

0
t�1jt�1

i
g, i.e.

the variance of vacancies in the presence of informational imperfections is lower than
that in the full information case.
As can be seen from the proof, the reduction in the volatility of vacancies is

positively related to the variance of the contemporaneous prediction error of the state
(given by E

h�
Xt�1 �Xt�1jt�1

� �
Xt�1 �Xt�1jt�1

�0i
). However, the proposition does

not tell us anything about the magnitude of this e¤ect for the standard calibration.
To get an idea on the latter, I calculated the standard deviations of n, v and � in
a simulated series and compared them with the empirical values of these variables
reported by Fujita and Ramey (2007).

n v �
Full information 0:010 0:154 0:258
Imperfect information 0:010 0:150 0:250
Empirical 0:008 0:131 0:298

Table 2: Standard deviations of key labor market variables

As one can see from Table 2, the introduction of informational imperfections
indeed reduces the volatility of our labor market variables. But this e¤ect turns out
to be small. The reason is that informational imperfections introduce two opposing
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forces that nearly cancel each other for my benchmark calibration: on the one hand,
they mute the response to persistent shocks (as agents initially believe that there is
a positive probability that they are only of a transitory nature), but on the other
hand, they amplify the response to transitory ones by the symmetric argument.13

Table 2 shows that, on balance, the former e¤ect slightly outweighs the latter, but
that the quantitative impact is very small.

6 Sensitivity to di¤erent signal-to-noise ratios

As noted before, the signal-to-noise ratio is a key parameter in any model with
informational imperfections of the kind discussed in this paper. But as it is not easy
to estimate this parameter, there is considerable uncertainty about its true value.
The only thing we probably know is that the value of this parameter is smaller than
in�nity (which corresponds to the full information case). Therefore, this section
checks the robustness of the aforementioned results to di¤erent values for �.

Figure 5: Impulse responses to a persistent productivity shock for higher values of �

13The IRFs displayed in Figures 2 and 3 illustrate this point.
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Figure 5 shows the IRFs to a persistent productivity shock for our baseline cal-
ibration (� = 1), as well as those for cases in which the signal is more informative
(viz. � = 2 and � = 4).14 All other parameters are as before and the case where
� = 109 represents the full information solution.
Unsurprisingly, the internal propagation of the model is decreasing in the signal-

to-noise ratio. More interestingly, the model�s ability to produce a hump-shaped
response in the tightness parameter survives up to values of � as high 4 (well above
the available estimates on this parameter).

Figure 6: Impulse responses to a persistent productivity shock for lower values of �

There are however also good reasons to believe that � is in fact smaller than
one, especially in particular circumstances. Mankiw et al. (1984) already reported
a signal-to-noise ratio as low as 0:56, while all aforementioned estimates are essen-
tially averages over both the booms and recessions that were included in the samples
underlying the various studies. But as shown in Van Nieuwerburgh and Veldkamp
(2006) and Bloom et al. (2010), uncertainty tends to evolve countercyclically. Con-
sequently, � is likely to be smaller than 1 in and around recessions, when labor

14The increase in the signal-to-noise ratio is established by decreasing the variance of the transi-
tory shock �22; to keep the analogy with the RBC-literature, �

2
1 is kept at 0:008

2.
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adjustment is particularly important.15 Therefore, Figure 6 shows the responses of
the system to a persistent productivity shock for � = 0:5 and � = 0:25 along with
the full information solution and the benchmark case where � equals one.
Note that the model�s ability to propagate shocks increases quite rapidly in �.

Combining the observation that the propagation of shocks is increasing in the degree
of uncertainty with the �nding that uncertainty tends to be high at the end of
recessions (cf. Bloom et al. 2010) yields an explanation for the fact that labor
adjustment tends to occur so slowly in the early stages of recoveries (leading to cases
of jobless growth that are even more severe than those displayed in Figure 4).

7 Conclusion and directions for future research

This paper studies the behavior of the standard labor market matching model under
imperfect information. Agents in the model are imperfectly informed on the extent
to which their economy has been hit by transitory and/or persistent shocks, as they
are not separately identi�ed on impact. Only by solving a signal extraction problem,
agents are able to disentangle the two over time.
It is shown that the introduction of this persistent-transitory shock confusion

improves the standard matching model�s ability to propagate shocks: vacancies now
show a persistent and hump-shaped response, as a result of which labor adjustment
is much more gradual and recoveries are initially jobless (as observed in US data).
An important next step along this line of research could be the introduction of in-

formational imperfections in a full dynamic stochastic general equilibrium matching
model. At least since Cogley and Nason (1995) we know that the standard RBC-
model lacks internal propagation as well. Andolfatto (1996) shows that augmenting
the RBC-model with labor market matching frictions yields some propagation of
shocks, but as argued in Den Haan et al. (2000), it still falls short of its empiri-
cal counterpart. Potentially, informational imperfections can improve the model�s
performance in this setting as well.
Moreover, enriching the imperfect information matching model with an intensive

margin (hours and/or e¤ort), which is not characterized by irreversibilities, may
increase the ampli�cation of shocks in the model. This relates to earlier work by
Burnside et al. (1993), where �rms must choose the size of the labor force before
they can observe the state of the economy. After observing the realization of the
shock, they can only vary work intensity as a result of which e¤ort turns procyclical

15In addition, there is also evidence that � has gone down since the 1980s - see Willems and Van
Wijnbergen (2009).
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(which ampli�es the shocks). As Burnside et al. do not model labor adjustment costs
explicitly, their model is basically a reduced-form representation of a model in which
it is in�nitely costly to make within quarter adjustments on the extensive margin.
Informational imperfections as in the present paper could have a similar e¤ect (as
they also make �rms less eager to adjust the extensive margin on impact of a shock,
due to the option value of waiting) and may hence contribute to the ampli�cation of
shocks in DSGE-models.
Finally, it would also be interesting to investigate how the model behaves when

the signal-to-noise ratio �uctuates countercyclically over time, as it seems to do in
reality. Quite possibly, this could replicate the business cycle asymmetries in labor
adjustment as for example reported by Acemoglu and Scott (1994).

8 References

Acemoglu, D. and A. Scott (1994), "Asymmetries in the Cyclical Behaviour of
UK Labour Markets", Economic Journal, 104 (427), pp. 1303-1323.
Anderson, D. and J.B. Moore (1979), Optimal Filtering, Englewood Cli¤s, N.J.:

Prentice-Hall.
Andolfatto, D. (1996), "Business Cycles and Labor Market Search", American

Economic Review, 86 (1), pp. 112-132.
Baxter, B., L. Graham and S. Wright (2010), "Invertible and Non-Invertible

Information Sets in Dynamic Stochastic General Equilibrium", mimeo.
Blanchard, O.J., J.P. L�Huillier and G. Lorenzoni (2009), "News, Noise and Fluc-

tuations: An Empirical Exploration", NBER Working Paper No. 15015.
Blanchard, O.J. and C.M. Kahn (1980), "The Solution of Linear Di¤erence Mod-

els under Rational Expectations", Econometrica, 48 (5), pp. 1305-1311.
Bloom, N., M. Floetotto and N. Jaimovich (2009), "Really Uncertain Business

Cycles", mimeo.
Bom�m, A.N. (2001), "Measurement Error in General Equilibrium: The Ag-

gregate E¤ects of Noisy Indicators", Journal of Monetary Economics, 48 (3), pp.
585-603.
Burnside, C., M. Eichenbaum and S. Rebelo (1993), "Labor Hoarding and the

Business Cycle", Journal of Political Economy, 101 (2), pp. 245-273.
Cogley, T. and J.M. Nason (1995),"Output Dynamics in Real-Business-Cycle

Models", American Economic Review, 85 (3), pp. 492-511.
Cole, H.L. and R. Rogerson (1999), "Can the Mortensen-Pissarides Matching

Model Match the Business Cycle Facts?", International Economic Review, 40 (4),
pp. 933-959.

18



Diebold, F. and G. Rudebusch (1991), "Forecasting Output with the Composite
Leading Index: A Real Time Analysis", Journal of the American Statistical Associ-
ation, 86 (415), pp. 603-610.
Fujita, S. (forthcoming), "Dynamics of Worker Flows and Vacancies: Evidence

from the Sign-Restriction Approach", Journal of Applied Econometrics.
Fujita, S. and G. Ramey (2007), "Job Matching and Propagation", Journal of

Economic Dynamics and Control, 31 (11), pp. 3671-3698.
Haan, W.J. den, G. Ramey and J. Watson (2000), "Job Destruction and Propa-

gation of Shocks", American Economic Review, 90 (3), pp. 482-498.
Hagedorn, M. and I. Manovskii (2008), "The Cyclical Behavior of Equilibrium

Unemployment and Vacancies Revisited", American Economic Review, 98 (4), pp.
1692-1706.
Hagedorn, M. and I. Manovskii (forthcoming), "Productivity and the Labor Mar-

ket: Co-Movement over the Business Cycle", International Economic Review.
Kydland, F.E. and E.C. Prescott (1982), "Time to Build and Aggregate Fluctu-

ations", Econometrica, 50 (6), pp. 1345-1370.
Mankiw, N.G., D. Runkle and M. Shapiro (1984), "Are Preliminary Announce-

ments of Money Stock Rational Forecasts?", Journal of Monetary Economics, 14 (1),
pp. 15-27.
Nickell, S. and L. Nunziata (2001), Labour Markets Institutions Database.
Nieuwerburgh, S. van and L. Veldkamp (2006), "Learning Asymmetries in Real

Business Cycles", Journal of Monetary Economics, 53 (4), pp. 753-772.
Nimark, K. (2008), "Modelling Information, Learning and Expectations", un-

published lecture notes.
Orphanides, A. and S. van Norden (2002), "The Unreliability of Output-Gap

Estimates in Real Time", Review of Economics and Statistics, 84 (4), pp. 569-583.
Petrongolo, B. and C.A. Pissarides (2001), "Looking into the Black Box: A Survey

of the Matching Function", Journal of Economic Literature, 39 (2), pp. 390-431.
Pissarides, C.A. (2000), Equilibrium Unemployment Theory, Second Edition,

Cambridge, Mass.: MIT Press.
Ravn, M.O. and S. Simonelli (2008), "Labor Market Dynamics and the Busi-

ness Cycle: Structural Evidence for the United States", Scandinavian Journal of
Economics, 109 (4), pp. 743 - 777.
Shimer, R. (2005), "The Cyclical Behavior of Equilibrium Unemployment and

Vacancies", American Economic Review, 95 (1), pp. 25-49.
Willems, T. and S. vanWijnbergen (2009), "Imperfect Information, Lagged Labor

Adjustment and the Great Moderation", Tinbergen Institute Discussion Paper No.
063.

19


