


appendix). It may be that to achieve a good identification of these parameters, we may need to
introduce additional labor market information.

On the other hand, the estimates are consistent with the following plausible scenario: At the
low and medium frequencies wages co-move with productivity as a consequence of worker’s strong
bargaining power. At the high frequency, however, wages adjust with a lag to the movement in
productivity due to the staggered contracting structure.

It is also worth noting that within our framework, the lion’s share of the serial correlation in the
real wages is accounted for by the wage contracting structure. The exogenous shock to the wage
equation (modeled as a shock to bargaining power) has a first order serial coefficient of only 0.26.

We next consider the model without wage rigidity. Table 4 presents the parameter estimates
and Table 5 presents the estimates of the shock processes in this case.

Insert Tables 4 and 5 here

The estimates of the conventional parameters do not change much. There is however now a
large change is the estimates of the two key labor market parameters: b̃ increases to 0.98 and η falls
to 0.6. The former is close to the value we described earlier that Hagedorn and Manovskii used to
argue that a flexible wage model could account for labor market volatility.21 Our estimates confirm
that absent wage rigidity, it is necessary to have highly elastic labor supply along the extensive
margin to account for the facts.22

One virtue of the Bayesian approach is that it is straightforward to compare the fit of the
baseline model versus the model without wage rigidity Table 6 reports the log marginal likelihoods
for the two models.

Insert Table 6 here

The baseline model clearly is preferred to the flex wage model. The difference in marginal
likelihood is forty loglikelihood points, which is a significant difference.

Another way to assess how the model captures the data is to portray the autocovariance function
of the model variables against the data. Figure 2 reports this information. The solid line in each
panel reports the autocovariance function of the data. The dashed lines are ninety percent posterior
intervals of the model autocovariances.23 Overall, the baseline model does well. For the most part,
the empirical autocovariance functions lie within the model standard error bands. In this regard,

21Hagedorn and Manvoski employ a slightly smaller value of b̃, 0.95, as opposed to 0.98, and much smaller value of
η, 0.05, as opposed to 0.62. Note that our prior on η is sufficiently loose so as not to exclude values well below 0.5.
22The large value of b̃ suggests a huge response of employment to changes in unemployment insurance benefits, as

Hornstein, Krusell and Gianluca Violante (2005) and others have noted.
23The posterior intervals are computed as follows. We sample 500 points from the posterior and for each of them

we generate 160 observations, which is the length of the data sample, 100 times. Then, for each draw we compute
autocovariances and we report the fifth and the ninety-fifth percentile.
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the model does particularly well in capturing the reduced form dynamics of output, hours, wages
and inflation.

As a further check on the model, we explore how well it is able to account for the dynamics of
unemployment. As the bottom row shows, the empirical autocovariance function for unemployment
lies within the posterior intervals of the model generated sample moments. We interpret this as
a strong test of the model given that we did not use information on unemployment to fit model
parameters.

Figure 3 presents the autocovariance function for the model without wage rigidity. Overall
this model doesn’t do as well. In contrast to the baseline model, the empirical autocovariances in
places lie well outside the model-generated bands. Note that the flex wage model generates too
much volatility in output, hours and unemployment. The reason, however, is that this model relies
on more persistent exogenous forcing processes to capturing the data. As we show below, after
controlling for the exogenous shocks, the wage rigidity works to amplify the effects of shocks on
output, hours and unemployment relative to the response of inflation.

We next illustrate the properties of the model economy by simulating the response to several key
shocks. We analyze the role of wage rigidity, in particular, by examining both our benchmark model
and the same model with staggered contracting replaced by period by period wage negotiations.
As Table 7 shows, the estimates suggest that the main driving force is the investment shock which,
strictly speaking is interpretable as a shock to investment-specific technological change. It accounts
for more than half the variation in output growth on impact and more than forty percent at all
horizons. This finding is consistent with both SW and PST. Next in importance is the disembodied
productivity shock which accounts for roughly seventeen percent of the variation on impact and
more than thirty percent at horizons of a year or greater.

The shocks that are important in driving output are also the main factors determining the
variation in the labor market variables. Tables 8 and 9 report the variance decompositions for
hours and vacancies respectively. As with output, investment shocks are the dominant factor and
shocks to total factor productivity are next in importance. The same is true for unemployment,
though we do not report the results here.

Insert Tables 7, 8 and 9 here

The recent literature on unemployment fluctuations that we alluded to in the introduction
almost uniformly treats productivity shocks as the main driving force. Thus for purposes of com-
parison, we begin with this disturbance. In particular, Figure 4 illustrates the response of the model
economy to a productivity shock. The thick line is the model with wage rigidity. The dotted line
has wage rigidity turned off.24 Notice that the response of output and employment is significantly
greater with wage rigidity than without. Conversely, due to the staggered contracting the response

24To shut off wage rigidity we simply set the probability that wages do not adjust, λ, equal to zero.
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of wages is much smoother. The smooth response of wages, of course, implies a larger response
of profits to the technology shock than otherwise. This leads to a stronger response of output
and employment relative to the flexible wage case. Note also that there is an immediate drop in
inflation following the productivity shock, which is in line with the evidence in Altig, Christiano,
Eichenbaum and Evans (2004). This does not come as puzzle in this framework: with wage rigidity
the rise in productivity reduces marginal costs and hence inflation.

We next turn to the investment shock, as portrayed in Figure 5. In contrast to the case of the
productivity shock, in this instance the response of output and employment is very similar across
the two models. Note, however, that the responses of wages, w, and inflation, π, are quite different.
In the case with wage rigidity shut off, the responses of these variables appear counterfactually
large. In absolute value, the response of wages is three times as large as the response of output
and the response of inflation (annualized) is nearly half as large. To our knowledge there do not
exist series for wages or inflation that display this kind of volatility relative to output.25 Intuitively,
the investment shock shifts output demand without directly affecting factor productivities. With
nominal price rigidities, markups decline and employment adjusts to meet demand. In the staggered
contracting model, because labor costs are sticky, the employment response is associated with only
a modest change in real wages and inflation. With wage rigidity shut off, however, there is a sharp
increase in wages which boosts up real marginal costs and hence inflation. In sum, in the case of
investment demand shocks, the wage rigidity smooths out the response of wages and inflation to
the disturbances.

In Figure 6 we report the results for a contractionary monetary policy shock. The baseline
delivers a humped shaped contraction in output with minimal response of inflation, as is consistent
with conventional wisdom. Without wage rigidity, inflation declines nearly as much as output.
Thus, as with the investment shock, wage rigidity helps capture simultaneously the large output
and hours response and the small inflation response to a monetary policy shock.

Next, we briefly consider how well our model fits the data as compared to SW. In appendix D we
report the parameter estimates for the SW model. By and large, the estimates for the “non-labor
market” parameters are similar across the two models. To explore relative fit, one possibility would
be to compare the marginal likelihoods, as we did we the sticky and flex wage versions of our model.
In what we did earlier, however, one model (the sticky wage) nested the other (the flex wage) and
the priors used in the estimation are identical. Neither of these conditions applies in this instance.
While in principle this should not be a problem, in practice it may be, given the sensitivity of the
marginal likelihood to the priors. Accordingly, to get a sense of relative fit we simply compare the
autocovariance functions of each model. As Figure A1 in the appendix shows, the model standard
error bands of our model overlap closely with those of the SW model. We conclude that from a

25 It is true that the experiment here is conditional on the investment shock and the evidence to which we are
alluding consists of unconditional moments. However, the investment shock accounts for nearly fifty percent of the
variation in output growth within the model. If the flex wage model were true then we should observe relatively
volatile behavior of real wages and price markups.
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practical standpoint, the ability of our model to characterize the data is very similar to that of SW.
The advantage of our model, however, is that we can capture the behavior of unemployment,

something not possible in the SW model. In addition, given that we have a structural model
we can characterize the gap between the unemployment and its natural level, a variable clearly
of interest to policy makers. In particular, we can evaluate the model under flexible prices and
wages to obtain a time series of the natural rate of unemployment. We then take the difference
between unemployment and the natural rate series to obtain a measure of the unemployment gap.
Figure 7 reports the results. Interestingly, in all the recessions before 1984, the unemployment gap
becomes large. This is consistent with the notion that tightening of monetary policy in response to
inflationary pressures played a significant role in these downturns. Post 1984 the unemployment gap
still increases in downturns, though the peak is much smaller than in the earlier recessions. While
tight money may have been less important in these downturns, it is possible that the model may
be understating the decline in the natural rate over this period, due to the absence of demographic
factors in the framework.26

5 Concluding Remarks

We have developed and estimate a medium scale macroeconomic model that allows for unemploy-
ment and staggered nominal wage contracting. In contrast to most existing quantitative models,
the employment of existing workers is efficient. Thus, the model is immune to the Barro’s (1977)
critique that models relying on wage rigidity to have allocative effects in situations where firms
and workers have on-going relationships ignore mutual gains from trade. In our model, in contrast,
wage rigidity affects the hiring of new workers. The former is introduced via the staggered Nash
bargaining setup of Gertler and Trigari (2006). A robust finding is that the model with rigidity
provides a better description of the data than does a flexible wage version. Further, our model
appears to capture the moments of the data as well as Smets and Wouters (2007). In addition,
while the conventional model is silent about the behavior of unemployment, our model generates
dynamics for this variable that are in line with the data.

More work is necessary, however, to ensure a robust identification of the key labor market
parameters. Our preliminary estimates of the degree of wage rigidity and the flow value of un-
employment appear to be quite reasonable. The estimate of worker’s bargaining power lies above
conventional wisdom, though there is little direct evidence on what this parameter should be. One
possibility is that it may be difficult to separately identify some of the key labor market parame-
ters that influence employment volatility. Accordingly, it may be necessary to introduce additional
labor market information.

26See Sala, Soderström and Trigari (2008) for further analysis.
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Appendix A

Steady state calculation

Let ȳ denote yt/zt evaluated at steady state for any variable yt.

Consumption and savings
1 = (β/γz)

³
1− δ + rk

´
Capital/employment ratio

rk = α
¡
k̄/n

¢−(1−α)
Marginal product of labor
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¢α
Investment

qk = 1

Rates
x = 1− ρ

Flows
xn = su

Unemployment
u = 1− n

Matching
su = σmu

σv1−σ
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Wages
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APPENDIX B

Staggered Nash bargaining

• Consider a renegotiating firm and its workers. Given that next period’s nominal wage wn
t+1

equals this period nominal wage adjusted for indexing γ̄πγtw
∗n
t with probability λ and next

period’s nominal target wage w∗nt+1 with probability 1 − λ, we can write the worker surplus
Ht (w

∗n
t ) and the firm surplus Jt (w∗nt ) as
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• The first order condition for Nash bargaining is
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Contract wage

Worker surplus

• Write the worker surplus as
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• Loglinearizing, iterating forward and collecting terms
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where ȳ denote yt/zt evaluated at steady state for any variable yt.

• Loglinearizing the worker surplus and substituting the expression just found gives
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Firm surplus

• Combining (B2) and (B3) we obtain
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• Write the firm surplus as
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+xβEt

hbxt+1 ¡w∗nt+1¢+ (1/2) bΛt,t+1i+ ρβEt

h bJt+1 ¡w∗nt+1¢+ bΛt,t+1i

Contract wage

• The loglinear version of the Nash first order condition, equation (B4), is

bJt (w∗nt ) + (1− χ)−1 bχt (w∗nt ) = bHt (w
∗n
t )
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• Substituting the loglinear expressions for bJt (w∗nt ) and bHt (w
∗n
t ) and using the Nash foc for

next period to simplify yields

¡
pwā/J̄

¢
(bpwt + bat)− ¡w̄/J̄¢ £ bw∗t + βλμEt

¡ bw∗t + γbπt − bπt+1 − bεzt+1 − bw∗t+1¢¤
+xβEt

hbxt+1 ¡w∗nt+1¢+ (1/2) bΛt,t+1i+ (1− χ)−1 bχt (w∗nt )
=

¡
w̄/H̄

¢ £ bw∗t + ρβλ�Et

¡ bw∗t + γbπt − bπt+1 − bεzt+1 − bw∗t+1¢¤
−
¡
b̄/H̄

¢bbt − βsEt

hbst+1 + bHx,t+1 + bΛt,t+1i
+ρβ (1− χ)−1Etbχt+1 ¡w∗nt+1¢

Rearranging and collecting terms

bw∗t + ψEt

¡ bw∗t + γbπt − bπt+1 − bεzt+1 − bw∗t+1¢
= χpw (ā/w̄) (bpwt + bat)

+χxβ
¡
J̄/w̄

¢
Et

hbxt+1 ¡w∗nt+1¢+ (1/2) bΛt,t+1i
+(1− χ)

¡
b̄/w̄

¢bbt + (1− χ)
¡
H̄/w̄

¢
βsEt

hbst+1 + bHx,t+1 + bΛt,t+1i
+χ

¡
J̄/w̄

¢
(1− χ)−1

£bχt (w∗nt )− ρβEtbχt+1 ¡w∗nt+1¢¤
where

ψ = χβλμ+ (1− χ) ρβλ�

• Finally, we can write

bw∗t = £(1− τ) bwo
t (w

∗n
t ) + τEt

¡bπt+1 − γbπt + bεzt+1¢¤+ τEt bw∗t+1
where τ is given by

τ =
ψ

1 + ψ

and where bwo
t (w

∗n
t ) is the target wage given by

bwo
t (w

∗n
t ) = ϕa (bpwt + bat) + ϕxEt

hbxt+1 ¡w∗nt+1¢+ (1/2) bΛt,t+1i
+ϕsEt

hbst+1 + bHx,t+1 + bΛt,t+1i+ ϕb
bbt + ϕχ

£bχt (w∗nt )− ρβEtbχt+1 ¡w∗nt+1¢¤
with

ϕa = χpw (ā/w̄) ϕx = χxβ
¡
J̄/w̄

¢
ϕb = (1− χ) b̄/w̄

34



ϕs = (1− χ) sβ
¡
H̄/w̄

¢
ϕχ = χ (1− χ)−1

¡
J̄/w̄

¢

Firm and worker discount factors

• The loglinear worker discount factor is

b�t = ρβλEt

³b�t+1 + bΛt,t+1 + γbπt − bπt+1 − bεzt+1´
• We now proceed to find a loglinear recursive expression for the firm discount factor.

• Loglinearizing equation (B7)

bμt (w∗nt ) = xβλEtbxt+1 (γ̄πγtw∗nt ) + βλEt

hbμt+1 (γ̄πγtw∗nt ) + bΛt,t+1 + γbπt − bπt+1 − bεzt+1i

bμt (w∗nt ) = (βλ)xEt

£bxt+1 (γ̄πγtw∗nt ) + (βλ) bxt+2 ¡γ̄πγt+1γ̄πγtw∗nt ¢+ ...
¤

+(βλ)Et

³bΛt,t+1 + γbπt − bπt+1 − bεzt+1´
+(βλ)2Et

³bΛt+1,t+2 + γbπt+1 − bπt+2 − bεzt+2´
+(βλ)3Et

³bΛt+2,t+3 + γbπt+2 − bπt+3 − bεzt+3´
+...

• Recall from previous section

Et

£bxt+1 (γ̄πγtw∗nt )− bxt+1 ¡w∗nt+1¢¤
= −κwμEt

¡ bw∗t + γbπt − bπt+1 − bεzt+1 − bw∗t+1¢
Et

£bxt+2 ¡γ̄πγt+1γ̄πγtw∗nt ¢− bxt+2 ¡w∗nt+2¢¤
= −κwμEt

¡ bw∗t + γbπt − bπt+1 − bεzt+1 + γbπt+1 − bπt+2 − bεzt+2 − bw∗t+2¢
and so on, where κw = w̄/J̄.
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• Substituting and rearranging

bμt (w∗nt ) = (xβλ)Et

hbxt+1 ¡w∗nt+1¢+ (βλ) bxt+2 ¡w∗nt+2¢+ (βλ)2 bxt+3 ¡w∗nt+3¢+ ...
i

− (xβλ) (κwμ)μEt

¡ bw∗t + γbπt − bπt+1 − bεzt+1¢
+(xβλ) (κwμ)Et bw∗t+1
+(xβλ) (κwμ) (βλ)Et

¡ bw∗t+2 − γbπt+1 + bπt+2 + bεzt+2¢
+(xβλ) (κwμ) (βλ)2Et

¡ bw∗t+3 − γbπt+1 + bπt+2 + bεzt+2 − γbπt+2 + bπt+3 + bεzt+3¢
+...

+(βλ)Et

³bΛt,t+1 + γbπt − bπt+1 − bεzt+1´
+(βλ)2Et

³bΛt+1,t+2 + γbπt+1 − bπt+2 − bεzt+2´
+(βλ)3Et

³bΛt+2,t+3 + γbπt+2 − bπt+3 − bεzt+3´
+...

• Write recursively as

bμt (w∗nt ) + (xβλ) (κwμ)μEt

¡ bw∗t + γbπt − bπt+1 − bεzt+1¢
= (xβλ) bxt+1 ¡w∗nt+1¢

+βλEt

³bΛt,t+1 + γbπt − bπt+1 − bεzt+1´
+(xβλ) (κwμ)Et bw∗t+1
− (xβλ) (βλ) (κwμ)μEt

¡
γbπt+1 − bπt+2 − bεzt+2¢

+(βλ)Et

£bμt+1 ¡w∗nt+1¢+ (xβλ) (κwμ)μ ¡ bw∗t+1 + γbπt+1 − bπt+2 − bεzt+2¢¤
• Finally, rearrange as

bμt (w∗nt ) = (xβλ)Etbxt+1 ¡w∗nt+1¢− (xβλ) (κwμ)μEt

¡ bw∗t + γbπt − bπt+1 − bεzt+1 − bw∗t+1¢
+(βλ)Et

hbμt+1 ¡w∗nt+1¢+ γbπt − bπt+1 − bεzt+1 + bΛt,t+1i
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The spillover effects

• The target wage is

bwo
t (w

∗n
t ) = ϕa (bpwt + bat) + ϕxEt

hbxt+1 ¡w∗nt+1¢+ (1/2) bΛt,t+1i
+ϕsEt

hbst+1 + bHx,t+1 + bΛt,t+1i+ ϕb
bbt + ϕχ

£bχt (w∗nt )− ρβEtbχt+1 ¡w∗nt+1¢¤
• Let’s find expressions for bxt+1 ¡w∗nt+1¢, bχt (w∗nt ), bχt+1 ¡w∗nt+1¢ and bHx,t+1 in terms of gaps
between contract and average wages.

• Applying the same procedure as above

Et [bxt+1 (γ̄πγtw∗nt )− bxt+1 (γ̄πγtwn
t )] = −κwμEt ( bw∗t − bwt)

• Consider the non recursive loglinear expressions for bμt (w∗nt ) and bμt (wn
t )

bμt (w∗nt ) = (xβλ)Etbxt+1 (γ̄πγtw∗nt ) + βλEt

hbμt+1 (γ̄πγtw∗nt ) + bΛt,t+1 + γbπt − bπt+1 − bεzt+1i
bμt (wn

t ) = (xβλ)Etbxt+1 (γ̄πγtwn
t ) + βλEt

hbμt+1 (γ̄πγtwn
t ) + bΛt,t+1 + γbπt − bπt+1 − bεzt+1i

• Taking differences, substituting and iterating forward

bμt (w∗nt )− bμt (wn
t ) = (xβλ)Et [bxt+1 (γ̄πγtw∗nt )− bxt+1 (γ̄πγtwn

t )]

+βλEt

£bμt+1 (γ̄πγtw∗nt )− bμt+1 (γ̄πγtwn
t )
¤

= − (xβλ)κwμ ( bw∗t − bwt) + βλEt

£bμt+1 (γ̄πγtw∗nt )− bμt+1 (γ̄πγtwn
t )
¤

= − (xβλ) (κwμ)μ ( bw∗t − bwt)

• Now we have

bχt (w∗nt ) = (1− χ) [b�t − bμt (w∗nt )] + (1− χ) (1− η)−1bεηt
• Taking differences with the average

bχt (w∗nt )− bχt (wn
t ) = − (1− χ) [bμt (w∗nt )− bμt (wn

t )] + (1− χ) (1− η)−1bεηt
= (1− χ) (xβλ) (κwμ)μ ( bw∗t − bwt) + (1− χ) (1− η)−1bεηt
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with bχt (wn
t ) = (1− χ) [b�t − bμt (wn

t )]

• Similarly

bχt+1 ¡w∗nt+1¢− bχt+1 ¡wn
t+1

¢
= (1− χ) (xβλ) (κwμ)μEt

¡ bw∗t+1 − bwt+1

¢
+ (1− χ) (1− η)−1bεηt+1

• Using the results in previous section

Et

h bHt+1

¡
w∗nt+1

¢
− bHt+1

¡
wn
t+1

¢i
= (1− χ)χ−1κw�Et

¡ bw∗t+1 − bwt+1

¢
Et

h bJt+1 ¡w∗nt+1¢− bJt+1 ¡wn
t+1

¢i
= −κwμEt

¡ bw∗t+1 − bwt+1

¢
Start from the Nash foc next period

Et
bJt+1 ¡w∗nt+1¢+ (1− χ)−1Etbχt+1 ¡w∗nt+1¢ = Et

bHt+1

¡
w∗nt+1

¢
Substitute and rearrange to obtain

Et
bJt+1 ¡wn

t+1

¢
+ (1− χ)−1Etbχt+1 ¡wn

t+1

¢
+ (1− η)−1bεηt+1

= Et
bHt+1

¡
wn
t+1

¢
+ ΓEt

¡ bw∗t+1 − bwt+1

¢
with

Γ = [1− η (xβλ)μ] η−1μκw

• Using finally bxt (wn
t ) = bJt (wn

t )

we have

Et
bHt+1

¡
wn
t+1

¢
= Etbxt+1 ¡wn

t+1

¢
−ΓEt

¡ bw∗t+1 − bwt+1

¢
+(1− χ)−1Etbχt+1 ¡wn

t+1

¢
+(1− η)−1bεηt+1

where Et
bHt+1

¡
wn
t+1

¢
= Et

bHx,t+1.
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• Substituting in the target wage and rearranging we obtain

bwo
t (w

∗n
t ) = bwo

t +
τ1
1− τ

Et

¡ bwt+1 − bw∗t+1¢+ τ2
1− τ

( bwt − bw∗t )
where

τ1 =
£
κwμϕx + ϕχ (1− χ) (xβλ) (κwμ)μ (ρβ) + ϕsΓ

¤
(1− τ)

τ2 = − (κwμ)ϕχ (1− χ) (xβλ)μ (1− τ)

and

bwo
t = ϕa (bpwt + bat) + (ϕs + ϕx)Etbxt+1 ¡wn

t+1

¢
+ ϕsEtbst+1 + ϕb

bbt
+(ϕs + ϕx/2)Et

bΛt,t+1 + ϕχ
£bχt (wn

t )− (ρ− s)βEtbχt+1 ¡wn
t+1

¢¤
+ bεwt

and bεwt = ϕη [1− (ρ− s)βρη]bεηt
ϕη = ϕχ (1− χ) (1− η)−1

• Next we present the complete loglinear model. We will write bxt (wn
t ), bμt (wn

t ), and bχt (wn
t )

simply as bxt, bμt, and bχt.
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APPENDIX C

The complete loglinear model

• Technology byt = αbkt + (1− α) bnt (C1)

• Resource constraint

byt = ycbct + yibit + ygbgt + yνbνt + yx (2bxt + bnt−1) (C2)

where yc = c̄/ȳ, yi = ı̄/ȳ, yg = g/ȳ, yν = rkk̄/ȳ and yx = (κ/2)
¡
x2n/ȳ

¢
.

• Matching bmt = σbut + (1− σ) bvt (C3)

• Employment dynamics bnt = bnt−1 + (1− ρ) bxt (C4)

• Transition probabilities bqt = bmt − bvt (C5)

bst = bmt − but (C6)

• Unemployment but = − (n/u) bnt−1 (C7)

• Effective capital bkt + bεzt = bνt + bkpt−1 (C8)

• Physical capital dynamics

bkpt = ξ
³bkpt−1 − bεzt´+ (1− ξ)

³bit + bεit´ (C9)

where ξ = 1−δ
γz

• Aggregate vacancies bxt = bqt + bvt − bnt−1 (C10)

• Consumption-saving
0 = Et

bΛt,t+1 + (brt −Etbπt+1)−Etbεzt+1 (C11)
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• Marginal utility³
1− h̃

´³
1− βh̃

´ bλt = h̃ (bct−1 − bεzt )− ³1 + βh̃2
´bct + (C12)

βh̃Et

¡bct+1 + bεzt+1¢+ ³1− h̃
´³bεbt − βh̃Etbεbt+1´

where h measures the degree of habit persistence in consumption and where h̃ = h/γz

• Capital utilization bνt = ηνbrkt (C13)

where ην = A0 (1) /A00 (1) =
1−ψν
ψν

• Investment

bit = 1

1 + β

³bit−1 − bεzt´+ 1/ ¡ηkγ2z¢1 + β

³bqkt + bεit´+ β

1 + β
Et

³bit+1 + bεzt+1´ (C14)

where ηk = S 00 (γz)

• Capital renting bpwt + byt − bkt = brkt (C15)

• Tobin’s q bqkt = β̃ (1− δ)Etbqkt+1 + h1− β̃ (1− δ)
i
Etbrkt+1 − (brt −Etbπt+1) (C16)

where β̃ = β/γz

• Aggregate hiring rate

bxt = κa (bpwt + bat)− κw bwt + κλEt
bΛt,t+1 + βEtbxt+1 (C17)

where κ = (κx)−1 , κa = κpwā, κw = κw̄ and κλ = β (1 + ρ) /2

• Marginal product of labor bat = byt − bnt (C18)

• Weight in Nash bargaining bχt = − (1− χ) (bμt −b�t) (C19)

with b�t = (ρλβ)Et

³bΛt,t+1 − bπt+1 + γbπt +b�t+1 − bεzt+1´ (C20)

bμt = (xλβ)Etbxt+1 − (xλβ) (κwμ)μEt

¡ bwt + γbπt − bπt+1 − bεzt+1 − bwt+1

¢
(C21)

+(λβ)Et

³bμt+1 + bΛt,t+1 + γbπt − bπt+1 − bεzt+1´
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• Spillover-free target wage

bwo
t = ϕa (bpwt + bat) + (ϕs + ϕx)Etbxt+1 + ϕsEtbst+1 + ϕb

bbt (C22)

+(ϕs + ϕx/2)Et
bΛt,t+1 + ϕχ

¡bχt − (ρ− s)βbχt+1¢+ bεwt
where

ϕa = χpwāw̄−1 ϕx = χβκx2w̄−1 ϕb = (1− χ) b̄w̄−1

ϕs = (1− χ) sβH̄w̄−1 ϕχ = χ (1− χ)−1 κxw̄−1

bεwt = ϕη [1− (ρ− s)βρη]bεηt
ϕη = ϕχ (1− χ) (1− η)−1

• Aggregate wage

bwt = γb ( bwt−1 − bπt + γbπt−1 − bεzt ) + γo bwo
t + γfEt

¡ bwt+1 + bπt+1 − γbπt + bεzt+1¢ (C23)

where
γb = (1 + τ2)φ

−1 γo = ςφ−1 γf =
¡
τλ−1 − τ1

¢
φ−1

φ = (1 + τ2) + ς +
¡
τλ−1 − τ1

¢
ς = (1− λ) (1− τ)λ−1

τ1 =
£
κwμϕx + ϕχ (1− χ) (xβλ) (κwμ)μ (ρβ) + ϕsΓ

¤
(1− τ)

τ2 = − (κwμ)ϕχ (1− χ) (xβλ)μ (1− τ)

Γ = (1− ηxβλμ) η−1μκw

• Phillips curve bπt = ιbbπt−1 + ιo (bpwt + bεpt ) + ιfEbπt+1 (C24)

where
ιb = γp (φp)−1 ιo = (ς

p/τp) (φp)−1 ιf = β (φp)−1

φp = 1 + βγp ςp = (1− λp) (1− λpβ) (λp)−1 τp = 1 + (εp − 1) ξ

• Tayor rule brt = ρsbrt−1 + (1− ρs) [rπbπt + ry (byt − bynt)] + bεrt (C25)

• Government spending bgt = byt + 1− yg
yg

bεgt (C26)
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• Market tightness bθt = bvt − but (C27)

• Benefits bbt = bkpt (C28)
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APPENDIX D

Estimates of the SW model

Note that the parameters ω and εw are, respectively, the Frisch elasticity of labor supply and
the gross steady state wage markup. The parameters ρw and σw refer to a wage markup shock.

Insert Tables A1 and A2 here
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APPENDIX E

The measurement equation

The model is completed by the following measurement equation that relates a set of observables
(on the left-hand side) to the corresponding model variables (on the right-hand side), as follows:⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

100∆ log yt
100∆ log ct
100∆ log it

100∆ logwn
t /pt

lognt − logn
πt − π

rt − r

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦
=

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

100(γz − 1)
100(γz − 1)
100(γz − 1)
100(γz − 1)

0

0

0

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦
+

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

ŷt − ŷt−1 + ẑt
ĉt − ĉt−1 + ẑt
ı̂t − ı̂t−1 + ẑt
ŵt − ŵt−1 + ẑt

n̂t
π̂t
r̂t

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦
where the bar over a variable indicate the sample mean. We have exploited the relation between
sample means and steady states to estimate γz, while we have demeaned lognt, πt and rt.
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APPENDIX F

The model with variable hours per worker

Here we briefly outline how it is possible to amend the model to allow hours per worker to vary.
As before, there is a representative household with a continuum of members of measure unity.

The number of family members currently employed is now n̄t,which is no longer the same as hours
nt. Now each employed member works ψt hours, which is determined via decentralized bargaining
between firms and workers.

Accordingly, conditional on n̄t and ψt, the household chooses consumption ct, government bonds
Bt, capital utilization νt, investment it, and physical capital k

p
t to maximize the utility function

Et

∞P
s=0

βsεbt+s

"
log (ct+s − hct+s−1)−

εψt+s
1 + ω

ψ1+ωt+s n̄t+s

#
, (F1)

where εψt is a shock to the supply of hours, with

log εψt = (1− ρψ) log εψ + ρψ log εψt−1 + ςψt . (F2)

Total hours is given by

nt = ψtn̄t. (F3)

Relative to our baseline model, the one additional variable to be determined id hours per worker,
ψt. While the hiring margin is affected by rigidity, the hours margin is not, due to the on-going
relation between the firm and its existing workforce. Accordingly at each point in time the two
parties agree to an efficient allocation of hours. In particular, hours adjust to the point where the
marginal value product pwt at equals a worker’s marginal rate of substitution between consumption
and leisure εψt ψ

ω
t /λ̄t:

pwt at =
εψt ψ

ω
t

λ̄t
, (F4)

with
λ̄t = λt/ε

b
t . (F5)

Equation (F4) determines hours per worker. After allowing for variable hours per worker, the
rest of the model is the same as in the text.
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Table 1: Calibrated parameters

β δ α ḡ/ȳ ξ σ ρ s

0.99 0.025 0.33 0.2 10 0.5 0.895 0.95



Table 2: Prior and posterior distribution of structural parameters

Prior Posterior distribution

distribution Max Mean 5% 95%

Utilization rate elasticity ψν Beta (0.5,0.1) 0.695 0.700 0.603 0.761

Capital adjustment cost elasticity ηk Normal (4,1.5) 2.425 2.375 1.639 3.457

Habit parameter h Beta (0.5,0.1) 0.727 0.708 0.672 0.773

Bargaining power parameter η Beta (0.5,0.1) 0.907 0.907 0.868 0.946

Relative flow value of unemployment b̃ Beta (0.5,0.1) 0.726 0.723 0.656 0.790

Calvo wage parameter λ Beta (0.75,0.1) 0.717 0.717 0.656 0.782

Calvo price parameter λp Beta (0.66,0.1) 0.848 0.846 0.804 0.887

Wage indexing parameter γ Uniform (0,1) 0.816 0.815 0.689 0.915

Steady-state price markup εp Normal (1.15,0.05) 1.405 1.408 1.360 1.455

Taylor rule response to inflation rπ Normal (1.7,0.3) 2.015 2.006 1.916 2.157

Taylor rule response to output gap ry Gamma (0.125,0.1) 0.333 0.332 0.272 0.421

Taylor rule inertia ρs Beta (0.75,0.1) 0.773 0.772 0.728 0.810

Steady-state growth rate γz Uniform (1,1.5) 1.004 1.004 1.003 1.005

This table reports the prior and posterior distribution of the estimated structural parameters. For the uniform

distribution, the two numbers in parentheses are the lower and upper bounds. Otherwise, the two numbers are the

mean and the standard deviation of the distribution.

Table 3: Prior and posterior distribution of shock parameters

Prior Posterior distribution

distribution Max Mean 5% 95%

(a) Autoregressive parameters

Technology ρz Beta (0.5,2) 0.140 0.096 0.071 0.198

Preferences ρb Beta (0.5,2) 0.713 0.724 0.639 0.764

Investment ρi Beta (0.5,2) 0.605 0.599 0.517 0.674

Price markup ρp Beta (0.5,2) 0.808 0.814 0.744 0.857

Bargaining power ρw Beta (0.5,2) 0.264 0.261 0.200 0.349

Government ρg Beta (0.5,2) 0.991 0.993 0.984 0.995

Monetary ρr Beta (0.5,2) 0.207 0.179 0.133 0.299

(b) Standard deviations

Technology σz IGamma (0.15,0.15) 1.039 1.025 0.966 1.090

Preferences σb IGamma (0.15,0.15) 0.362 0.334 0.278 0.502

Investment σi IGamma (0.15,0.15) 0.166 0.165 0.121 0.229

Price markup σp IGamma (0.15,0.15) 0.062 0.06 0.048 0.080

Bargaining power σw IGamma (0.15,0.15) 0.578 0.586 0.516 0.651

Government σg IGamma (0.15,0.15) 0.357 0.358 0.331 0.396

Monetary σr IGamma (0.15,0.15) 0.224 0.226 0.208 0.251

This table reports the prior and posterior distribution of the estimated parameters of the exogenous shock processes.

The two numbers in parentheses are the mean and the standard deviation of the distribution.



Table 4: Prior and posterior distribution of structural parameters - λ = 0

Prior Posterior distribution

distribution Max Mean 5% 95%

Utilization rate elasticity ψν Beta (0.5,0.1) 0.861 0.852 0.783 0.911

Capital adjustment cost elasticity ηk Normal (4,1.5) 1.023 1.179 0.803 1.635

Habit parameter h Beta (0.5,0.1) 0.801 0.803 0.760 0.840

Bargaining power parameter η Beta (0.5,0.1) 0.616 0.589 0.451 0.726

Relative flow value of unemployment b̃ Beta (0.5,0.1) 0.983 0.982 0.975 0.987

Calvo wage parameter λ Beta (0.75,0.1) − − − −

Calvo price parameter λp Beta (0.66,0.1) 0.574 0.575 0.512 0.630

Wage indexing parameter γ Uniform (0,1) − − − −

Steady-state price markup εp Normal (1.15,0.05) 1.347 1.351 1.298 1.407

Taylor rule response to inflation rπ Normal (1.7,0.3) 1.927 1.999 1.748 2.297

Taylor rule response to output gap ry Gamma (0.125,0.1) 0.013 0.019 0.003 0.043

Taylor rule inertia ρs Beta (0.75,0.1) 0.685 0.700 0.648 0.746

Steady-state growth rate γz Uniform (1,1.5) 1.003 1.003 1.001 1.004

This table reports the prior and posterior distribution of the estimated structural parameters when λ = 0. For the

uniform distribution, the two numbers in parentheses are the lower and upper bounds. Otherwise, the two numbers

are the mean and the standard deviation of the distribution.

Table 5: Prior and posterior distribution of shock parameters - λ = 0

Prior Posterior distribution

distribution Max Mean 5% 95%

(a) Autoregressive parameters

Technology ρz Beta (0.5,2) 0.287 0.282 0.193 0.378

Preferences ρb Beta (0.5,2) 0.351 0.363 0.231 0.507

Investment ρi Beta (0.5,2) 0.865 0.852 0.812 0.891

Price markup ρp Beta (0.5,2) 0.916 0.909 0.866 0.946

Bargaining power ρw Beta (0.5,2) 0.984 0.984 0.977 0.990

Government ρg Beta (0.5,2) 0.987 0.987 0.981 0.992

Monetary ρr Beta (0.5,2) 0.249 0.250 0.162 0.334

(b) Standard deviations

Technology σz IGamma (0.15,0.15) 1.071 1.083 0.992 1.188

Preferences σb IGamma (0.15,0.15) 0.686 0.738 0.436 1.146

Investment σi IGamma (0.15,0.15) 0.066 0.074 0.059 0.094

Price markup σp IGamma (0.15,0.15) 0.093 0.093 0.076 0.115

Bargaining power σw IGamma (0.15,0.15) 0.250 0.274 0.183 0.369

Government σg IGamma (0.15,0.15) 0.352 0.355 0.324 0.389

Monetary σr IGamma (0.15,0.15) 0.237 0.241 0.218 0.267

This table reports the prior and posterior distribution of the estimated parameters of the exogenous shock processes

when λ = 0. The two numbers in parentheses are the mean and the standard deviation of the distribution.



Table 6: Log marginal likelihood
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Table 7: Variance decomposition for the growth rate of output at different horizons

Shocks Horizons

on impact 1 year 4 years long run

Technology (ςz) 16.7 32.5 31.0 31.0

Monetary (ςr) 6.1 5.0 5.4 5.4

Preferences (ςb) 11.1 9.2 9.5 9.5

Investment (ςi) 54.8 41.9 42.4 42.4

Government (ςg) 9.4 8.7 8.2 8.2

Price Markup (ςp) 1.9 2.5 3.2 3.2

Bargaining power (ςw) 0.0 0.2 0.3 0.3

This table reports the forecast error variance decomposition for the growth rate of output, computed at the mean of

the posterior distribution.

Table 8: Variance decomposition for vacancies at different horizons

Shocks Horizons

on impact 1 year 4 years long run

Technology (ςz) 0.14 0.18 0.37 0.42

Monetary (ςr) 0.07 0.09 0.06 0.05

Preferences (ςb) 0.12 0.11 0.07 0.06

Investment (ςi) 0.56 0.48 0.34 0.31

Government (ςg) 0.01 0.07 0.07 0.07

Price Markup (ςp) 0.00 0.03 0.06 0.07

Bargaining power (ςw) 0.09 0.04 0.03 0.03

This table reports the forecast error variance decomposition for vacancies, computed at the mean of the posterior

distribution.

Table 9: Variance decomposition for total hours (employment) at different horizons

Shocks Horizons

on impact 1 year 4 years long run

Technology (ςz) 0.14 0.13 0.40 0.45

Monetary (ςr) 0.07 0.10 0.06 0.05

Preferences (ςb) 0.12 0.12 0.06 0.05

Investment (ςi) 0.56 0.51 0.31 0.28

Government (ςg) 0.01 0.08 0.08 0.08

Price Markup (ςp) 0.00 0.03 0.07 0.08

Bargaining power (ςw) 0.09 0.03 0.02 0.01

This table reports the forecast error variance decomposition for total hours, computed at the mean of the posterior

distribution.



Table A1: Prior and posterior distribution of structural parameters - SW model

Prior Posterior distribution

distribution Max Mean 5% 95%

Utilization rate elasticity ψν Beta (0.5,0.1) 0.667 0.657 0.546 0.765

Capital adjustment cost elasticity ηk Normal (4,1.5) 2.922 3.593 2.286 5.297

Habit parameter h Beta (0.5,0.1) 0.746 0.772 0.703 0.839

Inverse of Frish elasticity ω Gamma (2,0.75) 3.910 4.041 2.829 5.452

Calvo wage parameter λ Beta (0.75,0.1) 0.881 0.865 0.783 0.925

Calvo price parameter λp Beta (0.66,0.1) 0.856 0.854 0.816 0.890

Wage indexing parameter γ Uniform (0,1) 0.796 0.763 0.574 0.938

Steady-state price markup εp Normal (1.15,0.05) 1.392 1.391 1.336 1.448

Steady-state wage markup εw Normal (1.15,0.05) 1.138 1.127 1.042 1.210

Taylor rule response to inflation rπ Normal (1.7,0.3) 2.057 2.053 1.725 2.413

Taylor rule response to output gap ry Gamma (0.125,0.1) 0.307 0.320 0.224 0.437

Taylor rule inertia ρs Beta (0.75,0.1) 0.807 0.813 0.765 0.855

Steady-state growth rate γz Uniform (1,1.5) 1.004 1.004 1.003 1.005

This table reports the prior and posterior distribution of the estimated structural parameters in the SW model.

For the uniform distribution, the two numbers in parentheses are the lower and upper bounds. Otherwise, the two

numbers are the mean and the standard deviation of the distribution.

Table A2: Prior and posterior distribution of shock parameters - SW model

Prior Posterior distribution

distribution Max Mean 5% 95%

(a) Autoregressive parameters

Technology ρz Beta (0.5,0.15) 0.129 0.143 0.067 0.226

Preferences ρb Beta (0.5,0.15) 0.698 0.662 0.527 0.777

Investment ρi Beta (0.5,0.15) 0.531 0.508 0.385 0.631

Price markup ρp Beta (0.5,0.15) 0.810 0.799 0.746 0.851

Wage markup ρw Beta (0.5,0.15) 0.296 0.309 0.195 0.420

Government ρg Beta (0.5,0.15) 0.991 0.989 0.982 0.995

Monetary ρr Beta (0.5,0.15) 0.241 0.254 0.155 0.359

(b) Standard deviations

Technology σz IGamma (0.15,0.15) 1.022 1.041 0.952 1.141

Preferences σb IGamma (0.15,0.15) 0.420 0.583 0.337 0.999

Investment σi IGamma (0.15,0.15) 0.195 0.241 0.154 0.354

Price markup σp IGamma (0.15,0.15) 0.060 0.063 0.048 0.080

Wage markup σw IGamma (0.15,0.15) 0.197 0.197 0.166 0.231

Government σg IGamma (0.15,0.15) 0.359 0.362 0.331 0.396

Monetary σr IGamma (0.15,0.15) 0.228 0.231 0.211 0.253

This table reports the prior and posterior distribution of the estimated parameters of the exogenous shock processes

in the SW model. The two numbers in parentheses are the mean and the standard deviation of the distribution.



Figure 1: Employment and Hours
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This figure shows total hours per capita and employment from 1960 to 2005. Total hours per capita is the log of

hours of all persons in the non-farm business sector divided by population times the ratio of total employment to

employment in non-farm business sector. Employment is the log of employment over 16 divided by population,

detrended with a linear trend.



Figure 2: Autocovariances of selected variables - U.S. data and estimated model
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This figure shows the autocovariance function of the growth rates of output and the real wage, and the level of

employment (total hours), inflation and unemployment in U.S. data (solid lines) and in the estimated model (dashed

lines, representing the 5-th and 95-th percentiles over 500 draws from the posterior parameter distribution and 100

simulated samples of 180 observations for each draw).



Figure 3: Autocovariances of selected variables - U.S. data and estimated model (λ = 0)
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This figure shows the autocovariance function of the growth rates of output and the real wage, and the level of

employment (total hours), inflation and unemployment in U.S. data (solid lines) and in the estimated model with λ = 0

(dashed lines, representing the 5-th and 95-th percentiles over 500 draws from the posterior parameter distribution

and 100 simulated samples of 180 observations for each draw).



Figure 4: Impulse responses to a technology shock ςz
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This figure shows the impulse responses to a technology shock. The solid line is the median impulse response. The

dashed lines are the 5-th and 95-th percentile of the posterior distribution. The dotted line is the median impulse

response obtained by setting λ = 0.



Figure 5: Impulse responses to an investment specific shock ςi
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This figure shows the impulse responses to an investment specific shock. The solid line is the median impulse response.

The dashed lines are the 5-th and 95-th percentile of the posterior distribution. The dotted line is the median impulse

response obtained by setting λ = 0.



Figure 6: Impulse response to a monetary policy shock ςr
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This figure shows the impulse responses to a monetary policy shock. The solid line is the median impulse response.

The dashed lines are the 5-th and 95-th percentile of the posterior distribution. The dotted line is the median impulse

response obtained by setting λ = 0.



Figure 7: Estimated actual and natural rate of unemployment
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This figure shows the estimated path for the actual and natural rates of unemployment. The unemployment rates

have been calculated assuming a steady-state rate of unemployment of 6%. For the natural rate, the thick line is

the median and the dashed lines are the 5-th and 95-th percentiles of the empirical distribution, taking into account

parameter uncertainty and Kalman filter uncertainty. Shaded areas correspond to recessions dated by the NBER.



Figure A1: Autocovariances of selected variables - U.S. data and estimated model (GST vs. SW)
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This figure shows the autocovariance function of the growth rates of output and the real wage, and the level of total

hours, inflation and nominal interest rate in U.S. data (solid lines), in the estimated GST model (dashed lines) and

in the estimated SW model (solid-dotted lines). The dashed and the solid-dotted lines represent the 5-th and 95-th

percentiles over 500 draws from the posterior parameter distribution and 100 simulated samples of 180 observations

for each draw, respectively in the GST and SW model).




