


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: b increases to 0.98 and n 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.?! 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.??

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.?® Overall, the baseline model does well. For the most part,
the empirical autocovariance functions lie within the model standard error bands. In this regard,

*'Hagedorn and Manvoski employ a slightly smaller value of E’ 0.95, as opposed to 0.98, and much smaller value of
7, 0.05, as opposed to 0.62. Note that our prior on 7 is sufficiently loose so as not to exclude values well below 0.5.

22The large value of b 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.?* Notice that the response of output and employment is significantly
greater with wage rigidity than without. Conversely, due to the staggered contracting the response

24 To shut off wage rigidity we simply set the probability that wages do not adjust, ), 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, 7, 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.?® 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 Al 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

251t 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.?6

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.

*6See Sala, Soderstrém and Trigari (2008) for further analysis.
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Appendix A
Steady state calculation

Let g denote y;/z; evaluated at steady state for any variable y;.

Consumption and savings

1= (8/7.) (1= +7")

Capital /employment ratio
rF =« (l%/n)f(lfa)

Marginal product of labor

Investment
¢ =1
Rates
z=1-p
Flows
Tn = su
Unemployment
u=1—n
Matching
su=opu’vt™?
Hiring
K
kr =pa—w+ ,355132 + Bprx
Wages
I —
wzx(&+ﬁ§x2+ﬁﬂsx> +(1-x)b
where

Crraee MTTw T

Resource constraint

where
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APPENDIX B

Staggered Nash bargaining

o Consider a renegotiating firm and its workers. Given that next period’s nominal wage w}, |
equals this period nominal wage adjusted for indexing ym/w;™ with probability A and next
period’s nominal target wage wyl; with probability 1 — A, we can write the worker surplus
H; (w;™) and the firm surplus J; (w;™) as

*N

*n w — *n *n
Hy (wi™) = == — b+ BEAy 141 [pAHa (Y] wi™) + p (1= A) Hepr (w]F) — sep1Ho 1]

Dbt
(B1)
*n 2w wy" K _ *n *n
Ji (wi") = piay — ptt - 5EtAt7t+1%l [)‘xﬂ—l Frwy™? + (1= A) 2441 (wt+1)2}(B2)
+BE A 111X [p + 21 (] wi™)] Jepr (] wi™)
+BEA g1 (1= N) [p+ 21 (wih)] Jegr (wity)
where
ki (wp") = Jp (wp") (B3)
o Let
€t = pt [OHy (wi™) /Owy™]
i (wi™) = —pi [0 (wi™) /Ow;"]
Erery1 = Eppi1 [0Hy i1 (3] wi™) JOw;™]
Eipypy (Amjwi™) = —Epiy1 [0p1 (mjwi™) JOw;™]
Eipipir (with) = —Epryr (0041 (wity) /0w ]
e The first order condition for Nash bargaining is
Xe (wi™) i (wi™) = [1— xq (wi™)] Hy (wi™) (B4)
with
*1 nt
X (W) = o Bb5
) = T ) e () e (59)
where
e =1+ EtAt,t—&-lﬂ/B)\&;Yert—s-l (B6)
Pt+1
*n = *1 bt _ — *1,
py (wi™) =1+ EtAt,tH [p+ 211 (’W?wt ) 5>\IT;’W?M+1 (’Vﬂ-gwt ) (B7)
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Contract wage

Worker surplus

Write the worker surplus as

* w*n *
Hy (wi") = ; — [bt + BEAt 41541 Ha 1) + pBE A1 Hep1 (wify)
t

+BPAE A 111 [Hir (Y w™) — Hepa (wify)]

Write the term E; [Ht+1 (’_)/ﬂ'zwfn) — Hip (wf_ﬁl)] in the second row of the equation above as

_ *W’Yw*n wn
By [Ht-f—l (’Yﬂzw;:m) — Hy (wfh)] = F ("}/ Lt t+1>
Pt+1 Pt+1

+BPAE Ay 1,042 [Hiyo (Y77 wi™) — Hipo (377 wit) ]

Loglinearizing, iterating forward and collecting terms

E; [ﬁtﬂ (Y wi™) — Hipy (w,}“ﬁl)] = (w/H) eEy (W] + VRt — Fe1 — €41 — Wiya)

where 7 denote y;/z; evaluated at steady state for any variable y;.

Loglinearizing the worker surplus and substituting the expression just found gives

Hy(wi™) = (0/H)[@} + (BpX) By (@ + 71 — Rip1 — i1 — D))
—BsE; [§t+1 + Hypy1 + Kt,tJrl] — (b/H) by + pBE; [ﬁftﬂ (wit) + Kt,tJrl}

Firm surplus

e Combining (B2) and (B3) we obtain

*N

w. K _ 2
Jt (?,U;/kn) = p}f’at — pt + 5EtAt7t+1—t2+1 )\$t+1 (*yﬂgwf")g -+ (1 — )\) Tt4+1 (w?ﬁl) i|
t

+pBEA 111 [MNigr (G wi™) + (1 = A) Jppa (wity)]
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e Write the firm surplus as

*my . ow w;fm K41 *n \2
Ji (wi™) = pfa; — » + ﬁEtAt,tHTiEtH (wity)
t
Rt+1 _ % 2
+5EtAt,t+1tT+)\ [$t+1 (Fmjwi™)? = zegr (wity) }
+pBE A 1 T4 (i)
+pBAE A 141 [T (Griwi™) — Jea (wity)]

with

ey (wi) = Ji (wi™)

o Write the term Ey [Jy1 (3] wi™) — Jeg1 (wify)] as

_ v xn *n
_ * * VT Wy Wiy
EtJtl'yﬂvw"—Jtlw” = —Et< - >
[ 1 (mewr”) - ( t+1)] Pt+1 P41
K42 vy am2 _ wn \2
+,8)\EtAt+1,t+2% [ﬁb‘t+2 (YT wi™)” = e (Y] wiT) }
FpBAE A1 142 [T (Y m) wi™) = T (37 with) ]

e Loglinearizing, iterating forward and collecting terms

Ey [jtﬂ (ymwi") — jt+1 (w:ﬂl)} = (U_J/j) pEy (@k + YT — g1 — Epyq — @;rl)
Ep [T (ymjwi™) — Zepa (wity)] = — (0/J) pBy (0 + 47t — Tey1 — Er41 — Witq)

e Loglinearizing the firm surplus and substituting

Jo(wi™y = (p"a/J) (B +ae) — (0/F) [@F + BAEy (@F + 77 — Fer = Ei1 — G711)]
+zBE [@H (with) + (1/2) Kt,tJrl} + pBE; [JA}H (with) + Kt,t+l]

Contract wage
e The loglinear version of the Nash first order condition, equation (B4), is
T (wi™) + (1= %) 7" R (wi™) = Hy (w}™)
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e Substituting the loglinear expressions for J; (w;™) and Hy (w}™) and using the Nash foc for
next period to simplify yields

/) (0F + @) — (w/J) [Wf + BAE; (0F + 7Tt — Te1 — €y — Wiyy)]
+aBEy [$t+1 wity) + (1/2) Koo | + (1 =207 % (™)

(@} + pBAE, (WF + Ty — Tq1 — Eyq — Wigq) ]

) b — BsE; [Stﬂ + Hyppyr + At,tJrl]
+oB (1= X) " EXypr (with)

Rearranging and collecting terms

Wy + VB (O + 77 — Fe1 — Eq — Wiga)
= xp" (a/w) (p{ +ar)
+xB (7)) B [Fes (wif) + (1/2) Regn]
+ (1 —x) (b/w) b+ (1—x) (H/w) BsE; [§t+1 + Hepr1 + Mg
+x (J/w) (1=x) 7" [Re (W}™) = pBER 1 (wity)]
where

Y = xBAu+ (1 —x) pBAe

e Finally, we can write

wf = [(1—7)@f (wi™) + 7Ey (Te1 — Ve +E141) | + 7By

where 7 is given by
T= v
T+9

and where W (w;™) is the target wage given by

B (") = 0o (B +an) + 9uBr B (with) + (1/2) Rupia
+o,Er [§t+1 + Hyppr + At,t+1} +opbe + @ [Xe (W) = pBEX 41 (with)]

with
o = xp" (@/w) ¢, =xzp (J/w) ¢, =(1-x)b/w
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ps=(1=x)sB(H/w) oy=x1-x)"(J/w)

Firm and worker discount factors

e The loglinear worker discount factor is

€ = pBALE; <?t+1 + Apir1 +T — T _§f+1)
e We now proceed to find a loglinear recursive expression for the firm discount factor.

e Loglinearizing equation (B7)

fiy (wi™) = 2BAE T (Y] wi™) + BAE, [ﬁt+1 (Y wi™) + Ap g1 + V7 — Tt —gfﬂ]

fig (wi") = (BN 2By [Ter (Ymjw™) + (BN) Tera () ym{wi™) + ...]
+(BA) By (Kt,tJrl + YT — 1 — ngrl)
+ (BN E, <Kt+1,t+2 + Vg1 — Tig2 — §§+2>

+ (BN By (Kt+2,t+3 + VT2 — Tig3 — 3f+3>
+...

e Recall from previous section

Ey [T (ymjwi™) — T (wily)]

e~ A s .
= —spBy (07 + YT — Teer — E41 — Wigq)

By [Ter2 (I m{wi™) — Teva (wity)]

s ~ o~ ~ ~ ~ - s
= by (wt T — T4l — €541 T VT4l — T2 — Ejyg — wt+2)

and so on, where s, = w/J.
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e Substituting and rearranging

(i) = (@B Br [T (i) + (BN Frea (wils) + (9 Fre (wils) + .
— (2BX) Gewp) pBy (W] + Tt — Te1 — Ei41)
+ (xBN) (Gewp) Ery,

(
(@BA) (Gawp)
(@BA) Gewp) (BA) By (W42 — 7Re41 + Te2 +Ei4a)
(@BA) (ewps) (BN)? By (@F 3 — VRer1 + Reya + Efyn — Virya + Trys + Erps)

(BA) Bt <Kt,t+1 + AT — Ter1 — /g\erl)
(BN Ey (Kt+1,t+2 + YTl — T2 — €§+2>

(BN)? E; (At+2,t+3 + VT2 — T3 — 5f+3>

+ 4+ + 4+ 4+

e Write recursively as

fig (w;™) 4 (28X) (awps) pBy (0 + Y4 = Frg1 — E41)
= (28N Ter (i)
+BAE} (Kt,tJrl + YT — W1 — 3f+1>
+ (2BA) Gawp) Eroy,
— (xBA) (BX) (Gewp) By (YTt41 — T4z — Eryg)
+(BN) B [figgr (wi) + (2BX) Gawps) p (@ g + Y41 — T2 — Eipa) ]

e Finally, rearrange as

i (W) = (2BX) B@eer (with) — (@BA) Gewpt) pBe (BF + 77 — Frar — &1 — Wipa)

+(BA) E [ﬁtﬂ (wit) + T — Tep1 — €141 + At,t+1]
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The spillover effects

The target wage is

B (") = 0q (B +an) +9pBr B (with) + (1/2) Rusia

+p B [§t+1 + Hy g1 + At7t+1} + @pbt + @y [Xe (W) = pBEX 11 (wity)]

Let’s find expressions for Zep1 (wity), X: (wi™), Xey1 (wify) and Hypqq in terms of gaps

between contract and average wages.

Applying the same procedure as above

Eyi [Zp1 (m]wi™) — o1 (] w)] = —sewpuEy (W] — W)

. . . . ~ 0 n ~
Consider the non recursive loglinear expressions for fi, (w;™) and fi, (wy")

fiy (wi™) = (2BA) EyZr1 (Y] wi™) + BAE [ﬁtJrl (i w™) + Apgrr +9F — Fegr — 5@1}

fiy (wi') = (zBX) EgZy1 (3m]wi') + BAE; [l/thrl (FrJwl) + A g1 + 77 — Foar — gtz+1]

Taking differences, substituting and iterating forward

-~ *M -~ n)

He (wi™) — Hiy (wy = (zB)\) B¢ [T141 (*‘W?wif") — Tyy1 (*‘W?w?)]

+BAE: [figs1 (Yr{wi™) — fiypyq (Y] wi’)]
= —(zBA) st (W] — Wy) + BAE; [ﬁt+1 (7721‘}?”) - ﬁt+1 ('_sz?)]
= —(@BA) (srwp) p (W; — Wy)

e Now we have

X (™) = (1 =) [& — Ay (wf™)] + (1= x) (L =)' €]

e Taking differences with the average

X (@i =X (w]) = = (=) [ (™) = B ()] + (L= x) (L= m) "' &
= (1= ) (@BA) Grwp) p (T — @) + (1= x) (L —n) &
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with
Xe (wi') = (1 —x) [& — 11 (wy')]

Similarly

it+1 (wﬁl) - ?t+1 (wiﬁrl) = (1= x) (zBA) (wp) pEy (@:Jrl - @Hl) +(1=x) (1~ 77)71/5\?“

Using the results in previous section

E; [ﬁ[Hl (wity) — Hea (wfﬂ)] = (1= x) x 'seweEy (W) — Weq1)
Ey [jtﬂ (wity) — Jii1 (w?ﬂ)} = —stppBy (Wf — W)

Start from the Nash foc next period

Etjt-l—l (witq) + (1 = x) ! EXey1 (wit) = Etﬁt-f—l (wit)

Substitute and rearrange to obtain

B (win) + (1 =) B (win) + @ —m) 7 84,
= Eth+1 (w{ﬂrl) + FEt (@:Jrl — @t—i-l)

with
I =[1—n @B\ puln " pew

Using finally
z (wi') = Ji (wy)

we have

Etﬁtﬂ (’LU;LH) = By (wfﬂ)_FEt (@zf+1 - ﬁ7t+1)+(1 - X)il EiXi1 (wfﬂ)—i—(l - 77)71€?+1

where EyHyq (wiy ) = EyHypi1.
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e Substituting in the target wage and rearranging we obtain

o . T R o T PO
wy (wi") = wy + _1 By (011 — W) + ] _2 (W — wy)
where
1= [swne, + oy (1= X) (@BA) Gawp) p(pB) + ¢, T] (1—7)
Te = — (Gap) ey (1 —x) (@BA) p(l—1)
and
{U\l? = ¥q (@U + at) + (QOS + (px) Eta:\t-‘rl (’LU:L+1) + QOSEtz/S\t_A,_l + gOb/b\t
+ ((ps + 90:1:/2) EtAt7t+1 + Py [Sc\t (w?) - (p - 5) ﬁEtit+l (w?—l-l)] ‘|‘/5\,§U
and

e =, [1—(p—s)Bp"E]
=0, 1=x)1-n)""

e Next we present the complete loglinear model. We will write Z; (wy), i, (wy), and X, (w}")
simply as 7y, 11, and X;.
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APPENDIX C

The complete loglinear model

Technology
U =aki+ (1 —a)ny (C1)
Resource constraint
e = Yelr + Yiit + YgGe + YDt + Y (25 + Tg—1) (C2)

where y. = ¢/, yi =7/, yg = 9/¥, y» = r*k/7 and y, = (r/2) (z*n/7) .

Matching
my = oty + (1 — o) vy (C3)
Employment dynamics
h\t = ﬁt—l + (1 - p) /.I'\t (C4)
Transition probabilities
Q= My — U (C5)
8 = g — Uy (C6)
Unemployment
at = — (TL/U) ﬁt—l (C?)
Effective capital
kit +/€\tz' =T+ k‘fﬁl (08)
Physical capital dynamics
=B, -z)+0-9 (i +e) (C9)
__1-6
where £ = 5
Aggregate vacancies
Ty =q + 0 — N1 (C10)
Consumption-saving
0= EiMt i1+ (7 — EeTten) — Eigiyq (C11)
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Marginal utility
(1 - B) (1 - sz) X = h(@G-1—%) - (1 + ﬁ?ﬂ) &+ (C12)

BhE (B +25) + (1= B) (3 - BhEEL)

where h measures the degree of habit persistence in consumption and where h = h/vy,

Capital utilization

/V\t = 771/?1{,C (013)
where 1, = A’ (1) /A" (1) = 11;%
Investment
-~ 1 -~ ~ 1/ 77k72 ~i p - -~
i = m (’Lt—l - €f> + ffﬁz) (@f + 53&) + mEt (Zt+1 + Efﬂ) (C14)
where 7, = 8" (7,)
Capital renting
Y+ — k=7 (C15)
Tobin’s q
Gt = B(1—0) Egreq + [1 — B (1= 6)| Bty — (7 — EiTiga) (C16)
where § = /7,
Aggregate hiring rate
Bt = 50 (BY + Gr) — st + 500 Bhyp1 + BEFi4 (C17)

where e = (k) ™", 34 = 2p™a, 3, = 2w and 30, = B (1 + p) /2

Marginal product of labor

ay =Y —ny (C18)
Weight in Nash bargaining
Xe=—(1—x) (1 —&) (C19)
with
€ = (pAB) Ey (At,t+1 = Ttr1 + Y7 + 61 — €f+1> (C20)
ﬁt = (37)‘5) Et/x\t—f—l - (:L')\B) (”w:u) why ({U\t + ’Y%t — %t—&—l — /€\§+1 — {U\t-l-l) (021)

+(\8) Ex </7t+1 + Argg1 + 77 — T —gfﬂ)
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e Spillover-free target wage

B = 9o (B + 1) + (0 + ¢2) Biierr + 0. BBt + ob
+ (s +¢0/2) Ehir + 05 (e = (0 = 5) BRer1) +E

where

1 7.1

Yp = XBrz*0 ™ oy = (1—x)bw

o =1-x)spHD" ¢, =x(1—x) " raw!

P, = xpaw"

& = ¢,[1—(p—s)Bp"E]
e = o (l—x)(1—n)""

o Aggregate wage

Wy =y (Wy—1 — Ty +YTe—1 — &) +VoWF + 7By (W41 + Toy1 — YT +E741)

where
Ww=0+72)0"" =o'  yp=(AT—711) 07!

p=1+712)+c+ (A1 —71) c=1-XN(1-7)A"!

1 = [awnp, + oy (1= x) (@BX) Gawp) 1 (pB) + o I'] (1= 7)
Te = = (ap) ey (1—x) (@A) p(l—7)

T = (1—nzfAu)n " psaw

e Phillips curve
Tt = -1+ Lo (P +€7) + 1y ETea

where
w=" (@) 6= (/)P =60
P =148 P=(1-N)A-NEHNW) P =14 (P 1)

e Tayor rule
7t = psTi1 + (1= pg) [ra7e + 1y (U — Gnt)] + 5

e Government spending
~ — 1—-y
gt =yt + G
Yg

(C22)

(C23)

(C24)

(C25)

(C26)



e Market tightness
0 = 0 — Uy (C27)

e Benefits
by = kf (C28)
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APPENDIX D

Estimates of the SW model

Note that the parameters w and ¥ are, respectively, the Frisch elasticity of labor supply and
the gross steady state wage markup. The parameters p,, and o, refer to a wage markup shock.

Insert Tables A1l 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:

100A log 100(y; — 1) Ut — Yt—1+ 2t
100A log ¢; 100(y, — 1) G — Ci—1 + 2
100A log i, 100(y, — 1) it — i1 + 2
100Alogwi/p: | = | 100(y, —1) | + | W — W1 + 2
logn; — logn 0 Ny
T — T 0 7ATt
Ty — T 0 f‘t

where the bar over a variable indicate the sample mean. We have exploited the relation between
sample means and steady states to estimate v,, while we have demeaned logn;, 7 and 7.
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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 7,which is no longer the same as hours
nt. Now each employed member works ¢, hours, which is determined via decentralized bargaining
between firms and workers.

Accordingly, conditional on n; and 1), the household chooses consumption ¢;, government bonds
By, capital utilization vy, investment 4;, and physical capital k! to maximize the utility function

E; 20 Bl |log (cris — hers—1) — 16?:2) s | (F1)
where Ef’ is a shock to the supply of hours, with
loge; = (1— pw) loge¥ + p¥ log af_l + cf. (F2)
Total hours is given by
ne = Y, (F3)

Relative to our baseline model, the one additional variable to be determined id hours per worker,
1;. 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 py’a; equals a worker’s marginal rate of substitution between consumption
and leisure e/ 9% /Ay

Y w
e
piuat — t}\wt , (F4)
t
with
At = /el (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
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Table 2: Prior and posterior distribution of structural parameters

Prior Posterior distribution

distribution Max Mean 5% 95%
Utilization rate elasticity Uy Beta (0.5,0.1) 0.695 0.700 0.603 0.761
Capital adjustment cost elasticity Nk 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 n Beta (0.5,0.1) 0.907 0.907 0.868 0.946
Relative flow value of unemployment b Beta (0.5,0.1) 0.726 0.723 0.656 0.790
Calvo wage parameter A Beta (0.75,0.1) 0.717 0.717 0.656 0.782
Calvo price parameter Ap Beta (0.66,0.1) 0.848 0.846 0.804 0.887
Wage indexing parameter y Uniform (0,1) 0.816 0.815 0.689 0.915
Steady-state price markup eP Normal (1.15,0.05) 1.405 1.408 1.360 1.455
Taylor rule response to inflation T Normal (1.7,0.3) 2.015 2.006 1.916 2.157
Taylor rule response to output gap Ty Gamma (0.125,0.1) 0.333 0.332 0.272 0.421
Taylor rule inertia Ps Beta (0.75,0.1) 0.773 0.772 0.728 0.810
Steady-state growth rate Yz 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 Pz Beta (0.5,2) 0.140 0.096 0.071 0.198
Preferences Pb Beta (0.5,2) 0.713 0.724 0.639 0.764
Investment pi Beta (0.5,2) 0.605 0.599 0.517 0.674
Price markup Pp Beta (0.5,2) 0.808 0.814 0.744 0.857
Bargaining power Puw Beta (0.5,2) 0.264 0.261 0.200 0.349
Government Pg Beta (0.5,2) 0.991 0.993 0.984 0.995
Monetary Or Beta (0.5,2) 0.207 0.179 0.133 0.299
(b) Standard deviations
Technology o IGamma (0.15,0.15) 1.039 1.025 0.966 1.090
Preferences ob IGamma (0.15,0.15) 0.362 0.334 0.278 0.502
Investment o IGamma (0.15,0.15) 0.166 0.165 0.121 0.229
Price markup Op IGamma (0.15,0.15) 0.062 0.06 0.048 0.080
Bargaining power Ow IGamma (0.15,0.15) 0.578 0.586 0.516 0.651
Government og IGamma (0.15,0.15) 0.357 0.358 0.331 0.396
Monetary or 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 - A =0

Prior Posterior distribution

distribution Max Mean 5% 95%
Utilization rate elasticity Uy Beta (0.5,0.1) 0.861 0.852 0.783 0.911
Capital adjustment cost elasticity Nk 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 n Beta (0.5,0.1) 0.616 0.589 0.451 0.726
Relative flow value of unemployment b Beta (0.5,0.1) 0.983 0.982 0.975 0.987
Calvo wage parameter A Beta (0.75,0.1) — — — —
Calvo price parameter Ap Beta (0.66,0.1) 0.574 0.575 0.512 0.630
Wage indexing parameter y Uniform (0,1) — — — —
Steady-state price markup eP Normal (1.15,0.05) 1.347 1.351 1.298 1.407
Taylor rule response to inflation T Normal (1.7,0.3) 1.927 1.999 1.748 2.297
Taylor rule response to output gap Ty Gamma (0.125,0.1) 0.013 0.019 0.003 0.043
Taylor rule inertia Ps Beta (0.75,0.1) 0.685 0.700 0.648 0.746
Steady-state growth rate Yz 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 A = 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 - A = 0

Prior Posterior distribution

distribution Max Mean 5% 95%
(a) Autoregressive parameters
Technology Pz Beta (0.5,2) 0.287 0.282 0.193 0.378
Preferences Pb Beta (0.5,2) 0.351 0.363 0.231 0.507
Investment pi Beta (0.5,2) 0.865 0.852 0.812 0.891
Price markup Pp Beta (0.5,2) 0.916 0.909 0.866 0.946
Bargaining power Puw Beta (0.5,2) 0.984 0.984 0.977 0.990
Government Pg Beta (0.5,2) 0.987 0.987 0.981 0.992
Monetary Or Beta (0.5,2) 0.249 0.250 0.162 0.334
(b) Standard deviations
Technology o IGamma (0.15,0.15) 1.071 1.083 0.992 1.188
Preferences ob IGamma (0.15,0.15) 0.686 0.738 0.436 1.146
Investment o IGamma (0.15,0.15) 0.066 0.074 0.059 0.094
Price markup Op IGamma (0.15,0.15) 0.093 0.093 0.076 0.115
Bargaining power Ow IGamma (0.15,0.15) 0.250 0.274 0.183 0.369
Government og IGamma (0.15,0.15) 0.352 0.355 0.324 0.389
Monetary or 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 A\ = 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

Technology (sz)
Monetary ()
Preferences (<)
Investment (s;)
Government (gq)
Price Markup (p)

Bargaining power ()

Horizons
on impact 1 year 4 years long run
16.7 32.5 31.0 31.0
6.1 5.0 5.4 5.4
11.1 9.2 9.5 9.5
54.8 41.9 42.4 42.4
9.4 8.7 8.2 8.2
1.9 2.5 3.2 3.2
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

Technology (s-)
Monetary ()
Preferences ()
Investment (s;)
Government (gg4)
Price Markup (sp)

Bargaining power ()

Horizons
on impact 1 year 4 years long run
0.14 0.18 0.37 0.42
0.07 0.09 0.06 0.05
0.12 0.11 0.07 0.06
0.56 0.48 0.34 0.31
0.01 0.07 0.07 0.07
0.00 0.03 0.06 0.07
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

Technology (sz)
Monetary ()
Preferences (<)
Investment (s;)
Government (q)
Price Markup (sp)

Bargaining power ()

Horizons
on impact 1 year 4 years long run
0.14 0.13 0.40 0.45
0.07 0.10 0.06 0.05
0.12 0.12 0.06 0.05
0.56 0.51 0.31 0.28
0.01 0.08 0.08 0.08
0.00 0.03 0.07 0.08
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 A1l: Prior and posterior distribution of structural parameters - SW model

Prior Posterior distribution

distribution Max Mean 5% 95%
Utilization rate elasticity Uy Beta (0.5,0.1) 0.667 0.657 0.546 0.765
Capital adjustment cost elasticity Nk 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 w Gamma (2,0.75) 3.910 4.041 2.829 5.452
Calvo wage parameter A Beta (0.75,0.1) 0.881 0.865 0.783 0.925
Calvo price parameter Ap Beta (0.66,0.1) 0.856 0.854 0.816 0.890
Wage indexing parameter ~ Uniform (0,1) 0.796 0.763 0.574 0.938
Steady-state price markup eP Normal (1.15,0.05) 1.392 1.391 1.336 1.448
Steady-state wage markup e” Normal (1.15,0.05) 1.138 1.127 1.042 1.210
Taylor rule response to inflation Tr Normal (1.7,0.3) 2.057 2.053 1.725 2.413
Taylor rule response to output gap 7y Gamma (0.125,0.1) 0.307 0.320 0.224 0.437
Taylor rule inertia Ps Beta (0.75,0.1) 0.807 0.813 0.765 0.855
Steady-state growth rate Yz 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 Pz Beta (0.5,0.15) 0.129 0.143 0.067 0.226
Preferences Pb Beta (0.5,0.15) 0.698 0.662 0.527 0.777
Investment pi Beta (0.5,0.15) 0.531 0.508 0.385 0.631
Price markup Pp Beta (0.5,0.15) 0.810 0.799 0.746 0.851
Wage markup Pw Beta (0.5,0.15) 0.296 0.309 0.195 0.420
Government Pg Beta (0.5,0.15) 0.991 0.989 0.982 0.995
Monetary or Beta (0.5,0.15) 0.241 0.254 0.155 0.359
(b) Standard deviations
Technology o IGamma (0.15,0.15) 1.022 1.041 0.952 1.141
Preferences o IGamma (0.15,0.15) 0.420 0.583 0.337 0.999
Investment o IGamma (0.15,0.15) 0.195 0.241 0.154 0.354
Price markup Op IGamma (0.15,0.15) 0.060 0.063 0.048 0.080
Wage markup Ow IGamma (0.15,0.15) 0.197 0.197 0.166 0.231
Government og IGamma (0.15,0.15) 0.359 0.362 0.331 0.396
Monetary or 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 (A = 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 A = 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 ¢,
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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 A = 0.



Figure 5: Impulse responses to an investment specific shock ¢;
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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 A = 0.



Figure 6: Impulse response to a monetary policy shock ¢,
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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 A = 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 Al: 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).





