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Abstract

The standard two-sector monetary business cycle model suffers from an important defi-
ciency. Since durable good prices are more flexible than non-durable good prices, optimising
households build up the stock of durable goods at low cost after a monetary contraction.
Consequently, sectoral outputs move in opposite directions. This paper finds that labour
market frictions help to understand the so-called sectoral “comovement puzzle”. Our bench-
mark model with staggered Right-to-Manage wage bargaining closely matches the empirical
elasticities of output, employment and hours per worker across sectors. The model with
Nash bargaining, in contrast, predicts that firms adjust employment exclusively along the
extensive margin.
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1 Introduction

The seminal work of Barsky, House & Kimball (2007) demonstrates that a two-sector mone-
tary business cycle model with Walrasian labour markets suffers from an important deficiency.
Based on the microeconometric evidence provided by Bils & Klenow (2004) and Klenow &
Kryvtsov (2008), the authors assume that prices of non-durable goods and services change only
infrequently, while durable good prices are perfectly flexible. Consequently, after a monetary
contraction, durable good prices fall stronger than non-durable good prices. The asymmetric
price dynamics incentivise the representative household to build up the stock of durable goods
and to reduce the consumption of non-durable goods. For this reason, the model predicts that
sectoral outputs move in opposite directions, which implies that monetary policy shocks are
close to neutral for aggregate output. This outcome is clearly at odds with the data.

We show that labour market frictions help to understand the so-called sectoral “comovement
puzzle”. Optimising households increase durable good expenditure only if durable good prices
fall sharply. As durable good prices are perfectly flexible, this requires that real marginal costs
in the durable sector are sufficiently elastic. In other words, the model with Walrasian labour
markets fails to generate sectoral comovement because real marginal costs in the durable sector
are too elastic (Carlstrom & Fuerst 2010). In this paper, we argue that labour market frictions
are able to reduce the elasticity of real marginal costs along two dimensions. First, through
the presence of job search and matching frictions (Pissarides 2000). Second, by the impact
of staggered Right-to-Manage wage bargaining (Christoffel & Kuester 2008) — a sequential
bargaining protocol where nominal wages are negotiated before firms may choose the number of
hours per worker unilaterally.

The introduction of job search and matching frictions is motivated by the results from a
structural vector autoregression (SVAR) model. Our SVAR documents that a contractionary
monetary policy shock causes a persistent economic downturn across the entire economy. In both
sectors, output, employment and hours per worker fall significantly. In contrast to the previous
literature, our model with job search and matching frictions is able to address the decline in
labour input along both margins explicitly. Furthermore, we confirm the finding of Erceg &
Levin (2006) that, in the durable sector, output and employment respond much stronger —
although the durable good price index falls sharper than the price index of non-durable goods
and services. Rather, the high sensitivity of the durable sector is driven by the longevity of
durable goods (Bils, Klenow & Malin 2012). Since durable goods depreciate only slowly, current
purchases constitute only a small proportion of the aggregate stock. This explains why the
durable sector accounts for more than 50% of the variance in aggregate labour input, but only
for less than 20% of all employees.

Our benchmark model with staggered Right-to-Manage wage bargaining is able (i) to gen-
erate positive comovement between the durable and the non-durable sector, (i) to replicate the
high elasticity of durable output relative to non-durable output and (iii) to match the empirical
pattern of labour adjustment along the extensive and intensive margins after a contractionary
monetary policy shock. Right-to-Manage wage bargaining (Trigari 2006) establishes a direct
link between the nominal wage rate and the real marginal cost. For this reason, any sticki-

ness in nominal wages directly reduces the elasticity of real marginal costs (the so-called “wage



channel”, see Christoffel & Kuester 2008). Thus, staggered Right-to-Manage wage bargaining is
able to generate a large contraction in durable production even at a moderate degree of nominal
wage stickiness, in line with the empirical evidence documented by Gottschalk (2005).

Moreover, we investigate the impact of the specific wage bargaining protocol, the impor-
tance of labour mobility across sectors and the role of hiring firms’ profits for the quantitative
performance of our model. First, when nominal wages are set by Nash (1953) bargaining, the
model successfully generates sectoral comovement — even if nominal wages are fully flexible.
However, the model version with Nash bargaining predicts that firms adjust labour input exclu-
sively along the extensive margin. Second, we find that our model generates sufficient stickiness
in durable real marginal costs only if job searchers are mobile across sectors.! In this case, the
non-arbitrage condition for vacancy creation equalises real marginal costs in both sectors. Con-
sequently, stickiness originating in the non-durable sector may be transmitted to the durable
sector. Third, we show that the elasticity of employment depends on the elasticity of hiring
firms’ profits. Thus, when hiring firms’ are small, any given monetary policy shock is “lever-
aged” into large employment fluctuations.” Otherwise, as hiring firms may set the number of
hours per worker unilaterally, Right-to-Manage wage bargaining gives rise to excessive labour
adjustment along the intensive margin. The latter finding is consistent with the conclusion by
Christoffel & Kuester (2008) in a one-sector monetary business cycle model.

In recent years, the sectoral comovement puzzle has sparked a large number of investigations?.
However, to our knowledge, no study has yet examined the impact of job search and matching
frictions in this context. Building on Tacoviello (2005), Monacelli (2009), Tacoviello & Neri (2010)
and Sterk (2010) show that the introduction of collateral constraints reduces the households’
ability to smooth consumption. Bouakez, Cardia & Ruge-Murcia (2009, 2011) assert that non-
durable (durable) goods account for almost 50% (about 10%) of the material input expenditure
by the durable (non-durable) sector. Therefore, they introduce an input-output structure that
syncronises economic activity across sectors. Carlstrom & Fuerst (2010) evaluate the impact
of nominal wage stickiness in a two-sector version of the model by Erceg, Henderson & Levin
(2000). Yet, the model is unable to replicate the long-lived decline in durable production unless
two additional modifications (i.e.; output adjustment costs in durable goods as well as habit
formation in non-durable consumption goods and services from durable goods) are considered.

The remainder of this paper is organised as follows. Section (2) provides empirical evidence
on the cross-sectoral effects of a contractionary monetary policy shock. Section (3) presents the
model environment. Section (4) calibrates the model and evaluates its quantitative performance.

Section (5) concludes.

1This assumption seems reasonable, given the high degree of inter-industry mobility of workers in the U.S. —
as documented by Kambourov & Manovskii (2008) and Herz & van Rens (2011).

2A similar argument was made by Hagedorn & Manovskii (2008) in a search economy subject to technology
shocks.

3Further contributions include Kitamura & Takamura (2008) who consider a model with sticky information;
Katayama & Kim (2010) who evaluate the impact of non-separable preferences; Tsai (2010) who studies a model
with working capital and habit formation; DiCecio (2009) develops a medium-scale DSGE models with nominal
wage stickiness; and Levin & Yun (2011) who analyse a model with preference shocks to leisure and incomplete
financial markets.



2 Empirical Evidence

This section provides empirical evidence on the cross-sectoral effects of a contractionary mon-
etary policy shock. We estimate a SVAR model using the identification scheme developed by
Christiano, Eichenbaum & Evans (1996). The following variables are included in the infor-
mation set: the growth rate in the relative price of durable goods, Aps+, the relative hourly
wage of workers in the durable sector, wg;, the inflation rate in the non-durable sector, 7.,
the employment rate in the non-durable sector, n. ¢, the employment rate in the durable sector,
nqt, hours per worker in the non-durable sector, h.¢, hours per worker in the durable sector,
hqt, output per capita in the non-durable sector, y.:, output per capita in the durable sector,
ya¢ and the Federal Funds rate, R;. Our sample period covers US data between 1964Q1 and
2007Q4.* Precise definitions can be found in the Appendix (Tables 1 and 2).

2.1 Identification & Estimation

We consider the following reduced-form VAR:

¢ =a+ B(L)xi—1 + ey,
/
Ty = { 2 Ry } )
/
2t = { Apd,t Wdit Tet TNet MNdgt hc,t hd,t Yet Ydit } >

where B(L) is a lag polynomial of order M. By premultiplying with 5y, we obtain the structural
VAR:
Boxs = o+ B(L)xi—1 + €,

where €, denotes the vector of fundamental shocks. The orthogonality assumption implies that
its covariance matrix V, = E(e,e;) is diagonal. Moreover, we normalise the diagonal of 5y to a
10x1 vector of ones. When estimating the SVAR, we also include constant terms and a linear
trend. Following the AIC rule (with M., = 6), the VAR order is set to M = 3.

Our identification strategy is based on short-run restrictions. In particular, we impose that
the Fed’s information set includes the contemporaneous values of all other variables in our SVAR
(Christiano et al. 1996). This assumption implies that no other variable may respond contempo-
raneously to an unexpected change in the Federal Funds rate. Consequently, the process for the
Federal Funds rate depends on the current and past values of all other variables, but no other
process depends on its current realisations. Hence, the last column of the contemporaneous
coefficient matrix Sy consists of zeros, apart from the last element which is normalised to unity.
The order of the variables included in the vector z; imposes a number of additional short-run

restrictions.

4The endpoint of our sample marks the start of the Great Recession when the Federal Reserve adopted several
unconventional monetary policy measures, which are unlikely to be appropriately captured by our identification
procedure.

5None of our results are sensitive to the specific estimation strategy.



2.2 Results

Figure (1) illustrates the Cholesky orthogonalised impulse responses to an unexpected increase
in the Federal Funds rate. We examine a one-standard-deviation shock at horizons up to 16
quarters. The blue solid line is the point estimate. The red dashed lines represent the associated
two-standard-deviation confidence interval. In line with our identifying assumptions, the impact
of the monetary policy shock is temporary. After the initial increase, we find that the Federal
Funds rate remains above its steady state level for about six quarters. In response to the hike
in the nominal interest rate, we notice a delayed but persistent decline in the inflation rate of
non-durable prices (Sims 1992).

Our SVAR documents that a contractionary monetary policy shock causes a persistent eco-
nomic downturn across the entire economy. In both sectors, output and labour input fall signif-
icantly. In particular, we find that labour input contracts along the extensive and the intensive
margin. Furthermore, we confirm the result of Erceg & Levin (2006) that, in the durable sector,
output and employment respond significantly stronger — output by factor six and employment
by factor three® — although the durable good price index falls sharper than the price index of
non-durable goods and services. Rather, the high sensitivity of the durable sector is driven by
the longevity of durable goods (Bils et al. 2012). Since durable goods depreciate only slowly,
current purchases constitute only a small proportion of the aggregate stock. This explains why
the durable sector accounts for more than 50% of the variance in aggregate labour input, but
only for less than 20% of all employees. Besides, we note that the relative wage of workers in

the durable sector remains virtually unchanged.

3 The Model

We introduce labour search and matching frictions into a two-sector monetary business cycle
model akin to Barsky et al. (2007). Individual household members derive utility from a composite
consumption good and leisure. The composite consumption good is defined as an aggregate of
non-durable consumption goods and the flow of services from the stock of durable goods. Both
non-durable consumption and durable expenditure are CES aggregates of differentiated goods.
These goods are produced by sector-specific monopolistically competitive good firms, facing
Calvo (1983) type restrictions at the retail level. The factor market for labour services, instead,
is assumed to be perfectly competitive. Labour services are provided by sector-specific hiring
firms searching for workers on frictional labour markets. The nominal wage rate is determined by
staggered Right-to-Manage bargaining Christoffel & Kuester (2008). This sequential bargaining
protocol assumes that the nominal wage rate is negotiated before the hiring firm may choose

the number of hours per worker unilaterally (Trigari 2006).

3.1 The Labour Market

At the beginning of period t, the share u; of the labour force (which is normalised to unity)

searches for employment opportunities in both sectors. Along with them, there is an infinite

SFor the reader’s convenience, the scale of all variables concerning the durable sector is multiplied by factor
three.



mass of sector-specific hiring firms with unfilled positions. Each hiring firm can hire at most
one worker. Hiring firms with an unfilled position may decide whether or not to post a vacancy,
where posting a vacancy entails a cost. Let v.; and v4; denote the number of vacancies that are
posted by hiring firms in the non-durable (¢) and durable (d) sectors respectively. The number
of newly formed firm-worker pairs is given by a Cobb-Douglas matching function with constant
returns to scale. The matching function relates aggregate job matches m; to the number of
aggregate vacancies vy = v¢; + vq¢ and the number of job searchers u; in the labour market:

m (v, up) = ﬁwfu%{,

where £ denotes the elasticity of the matching function with respect to aggregate vacancies and
my is the efficiency of the matching process. By linear homogeneity of the matching function,
the aggregate job finding rate p(6;) and the aggregate vacancy filling rate ¢(6;) depend only on
the value of aggregate labour market tightness (6; = v¢/uy):

_ M e
p(0) = w 0y o 0:q(0:).

Note that the tighter the aggregate labour market, the longer the expected time to fill a vacancy,
but the shorter the expected time searching for a job (and vice versa). We assume that job
searchers are randomly matched with vacancies of either kind. Hence, the aggregate job finding

rate equals the sum of the sectoral job finding rates:

p(0) = 2 (2 ) 4 () = p(0u) + (60

Ut Ut Ut Ut

where 0s; = vs¢/us is the sector-specific measure of labour market tightness. Furthermore,
given free entry into the labour market, random matching entails that the vacancy filling rate

is equalised across sectors:

q(0s) = mod B0 T (o1, w) =q(6:).

Uy Us,t
Following Ravenna & Walsh (2008) and Blanchard & Gali (2010), we impose that new
matches become immediately productive.” Moreover, at the end of period ¢, a constant share p
(s = {c,d}) of pre-existing employment relationships is terminated.® The evolution of sectoral
employment ng; is therefore governed by:

(Y
n&t = vi’tm (vt,ut) + (1 — ps) nsyt_l. (1)
t

"As demonstrated by Thomas & Zanetti (2009), it is reasonable to assume instantaneous matching in models
that are calibrated to a quarterly frequency.

8As shown by Shimer (2012), Fujita & Ramey (2009) and Hertweck & Sigrist (2012) most of the cyclical
variation in employment in the U.S. is due to job creation rather than job separation. Thus, for simplicity, we
assume that all separations are exogenous.



Accordingly, the number of job searchers at the beginning of period t equals the share of indi-
viduals who did not have a job in the previous period, 1 — n.;—1 — ng¢—1, minus the flow of

workers who have just lost their job, penei—1 + panai—1:
ug =1— (1 - pc) Net—1 — (1 - Pd) ndt—1- (2)

3.2 Households

There is a large number of identical households with unit measure, each of which consists of
a continuum of individuals. The members of the representative household are either employed
by sector-specific hiring firms or search for a job in the labour market. The expected life-time

utility of an individual household member j can be represented by:

. 1+Qs
: > ci)' -1 (hif) o 4

=gy s G 1 B gy,
% ~ l1—o0 1+ os o &

where E is the expectations operator conditional on period t information, § € (0,1) is the
discount factor, Ctj is the composite consumption good, o is the inverse of the elasticity of inter-
temporal substitution, y; is the utility cost parameter in sector-specific labour supply, hiﬁ,t is
the number of hours worked by an employed individual j in sector s and g5 denotes the labour
supply elasticity along the intensive margin of individuals employed in sector s. The period

utility of an individual household member j is summarised by Ig}t.

3.2.1 The Composite Consumption Good

The composite consumption good consists of a CES aggregate of non-durable consumption

goods, cz and the flow of services from the stock of durable goods, d{:

. N ¢ \1-C
¢t =(d) (&)

where ( is the steady-state share of non-durable consumption.” In the limit, when o goes to 1,

the period utility of an individual household member j, I{z’t, becomes separable in non-durable

consumption, the flow of durable services and sectoral hours:

; 1+os

)

T, =Clnd +(1-OIndl — 1 5(
st Clne + ( ¢)Indy N | X 1+ 0

where Iy is an indicator function equal to zero if the individual household member j is unem-

ployed and otherwise equal to one.

9The results of our paper remain unchanged when durable and non-durable goods are assumed to be comple-
ments. Only in the extreme case when durable and non-durable goods are near-Leontief, the model of Barsky
et al. (2007) is able to generate comovement across sectors. Such a high degree of complementarity, however,
cannot be found in the data (Bernanke 1984).



Non-durable consumption is a CES aggregate of differentiated non-durable goods:

4 e, WO=1/e)
AR ®

where €. > 1 denotes the intra-temporal elasticity of substitution among individual varieties of
non-durable goods cgl Given that Pét denotes the nominal price of the non-durable good i,

expenditure minimisation implies that its relative demand is given as:

. PI\ T
i-(7) @ 0

By integrating equation (4) and imposing (3), we obtain the associated price index of non-durable

L M)
Py = [/01( ;t)l dz} .

Newly acquired durable goods, x{, are represented by a CES aggregate of differentiated

. 1 i 1-1/¢ ) 1/(1-1/eaq)
x] = {/ (:vi ) ’ dz} , (5)
0

where €5 > 1 denotes the intra-temporal elasticity of substitution among varieties of new durable

consumption:

new durable goods:

goods :L‘gZ The law of motion for the aggregate stock of durable goods is given by:
] =dl —(1-68)d_,, (6)

where § denotes the depreciation rate of the stock of durable goods. Given that Pé?t denotes the
nominal price of the durable good i, expenditure minimisation implies that the relative demand

for the durable-good variety a:{’ is given as:

g Pi N\
2= () )

By integrating equation (7) and imposing (5), we obtain the associated price index of newly

Py = [ /0 1 (Pg,'ﬁ)l*ed di

3.2.2 Evolution of Sectoral Employment

acquired durable goods:

T/(lfd)

From the perspective of the representative household, aggregate employment in sector s evolves

according to:
nst = (1 — ps)nsit—1+05+q(0s4)us for s={cd}, (8)

where the sectoral job finding rate, 05 +q (6:), is exogenous to the household’s decision problem.



3.2.3 Budget Constraint

Following Merz (1995) and Andolfatto (1996), we assume that employed and unemployed house-
hold members insure each other completely against idiosyncratic income risk from unemploy-

ment. Thus, the nominal budget constraint of the representative household reads as:

Ns,t . . — —
Pc,tct+Pd7txt+Bt =R 1Bi_1+ Z |: A Wsj’thiytdj + (I)s,t +(1 — Net — nd,t) Pc,tb_Tt- (9)
s={c,d}

Employed household members earn the nominal sector-specific wage rate Ws{t per working hour
hi}t, while the share of unemployed household members, (1 — n.; — n44), receives nominal
unemployment benefits PCJ). The lump-sum transfer 7; imposed by the government finances
unemployment benefits and rebates any seigniorage revenue to the representative household
(see Section 3.6). Nominal risk-free government bonds, By, pay a nominal interest rate, Ry, in
period t+1. Moreover, the representative household receives lump-sum dividends, ®.; and ®4,

remitted by retail and hiring firms in both sectors.

3.2.4 First Order Conditions

The representative household maximises the unweighted expected life-time utilities of its indi-
vidual household members, fol Hgidj, subject to the evolution of sectoral employment (8), the
budget constraint (9), a set of initial conditions for the state variables {dy, ns9, Wso} and a
stochastic time path for R;. The representative household takes all aggregate variables as given.

Therefore, the choices with respect to ¢;, B; and d; have to satisfy the following first order

conditions:
cle
)‘t - C ) (10)
Ct

1 A1 Py
= = BB et 11
Ry BE: At Peyia (11)

1— Cl—o

At = d-096" + B (1 =06) EtAiy 104,641, (12)

dy
where )\ is the Lagrange multiplier associated with the budget constraint (9) and @q+ = Pys/Pet
is the (real) price of durable goods relative to the price of non-durable goods. We define gross
inflation in sector s as mgt = Ps¢/Pst—1. The first order conditions describe the marginal utility
of the composite consumption good (equation 10), the standard Euler equation for government
bonds (equation 11) and the asset pricing equation for durable goods (equation 12). By forward
iteration of equation (12), we can express the relative price of durable goods as the present

discounted value of future rents generated by services from the stock of durable goods.



3.2.5 The Net Marginal Value of Employment

The net marginal value of employment to the representative household is given by:

. j o\1tes
‘1'6 (1 - pS) Et)\;—:l {ﬁsWs,tJrl (Wsjt> + (1 - 195) WS,t+1 (W;t-&-l)}
—BE; {)\Zl Y (=) q(O1) O [5ZWZt+1 (Wie) + (1 - 151) Wit (Wfiﬂ)] } :
I={c,d}

If an unemployed household member finds a job in sector s, the net income of the representative
household increases, but the marginal worker suffers disutility from working time (first line of
equation 13). In addition, the household gains the continuation value of employment at that
firm (second line), minus the opportunity cost of searching for a job and finding it elsewhere
(third line). We also note that both new and ongoing matches are subject to staggered wage
contracts with Calvo (1983) probability J5. Workers in ongoing matches that are unable to
renegotiate in period ¢t 4+ 1 receive the same nominal wage rate as in the previous period; i.e.,

Wg’t. Workers in new matches that are unable to bargain receive the average nominal wage rate

prevailing at time ¢ in the respective sector'’; i.e., Wy.

3.3 Final Good Producers - Retailers

There is a continuum of monopolistically competitive retailers, indexed by i € [0, 1], in both
sectors of the model economy. Each retailer produces a distinct final good variety, y;7t, according

to the following linear production technology:
y;t = gé,m

with labour services gjgt as the only factor of production. We assume that final good firms rent
labour services from hiring firms on a perfectly competitive factor market.

In the non-durable retail market, final good firms face Calvo (1983) type restrictions in
price setting. At the beginning of period ¢, only a fraction 1 — ¢, of final good firms is able
to re-optimise the price of its variety . All non-durable producers that are able to re-optimise
prices choose the same retail price, P, given that they all face the same real marginal cost of
production. Non-durable producers that cannot re-optimise keep their prices unchanged. This
specification implies that the log-linearised New Keynesian Phillips curve in the non-durable

sector is given by:

1—p59:.)(1—=9¢) .,
(12800 =00

where the hat, Z;, denotes the log-deviation of variable x; from its non-stochastic steady state

Tet = By [Beas1] + (14)

at time t.

10See also Section (3.5)



In the durable retail market, on the contrary, prices are assumed to be perfectly flexible.
Thus, profit maximising durable producers set their prices, Pit, as a constant mark-up over real

marginal cost, Py}
. Ed
Py, = — 1P£§5. (15)
€d

Furthermore, we note that the ratio of durable inflation to non-durable inflation equals the
period change in the relative price of durable goods:

D
s
Pd.t _ d,t‘ (16)

p
gpd,t—l 7Tc7t

3.4 Hiring Firms

There is a continuum of potential hiring firms on the unit interval j € [0,1], that provide
specialised labour services to final good producers. Each hiring firm can employ at most one
worker j. Hiring firms with unfilled positions may decide whether or not to open a sector-specific
vacancy, vs ¢, where posting a vacancy entails a cost ks. Therefore, the hiring firm can expect to
gain the average value of a filled position J,; with probability ¢ (6;). With probability 1 —q (6;)
the vacancy remains unfilled. Furthermore, we assume that a newly matched firm-worker pair
in sector s is only able to renegotiate the nominal wage contract W', with probability (1 — 55).
Otherwise, the firm-worker pair simply adopts the average nominal wage rate prevailing at £ — 1,

W i—1. Thus, the value of an unfilled vacancy, Vs, is given as:
_ _ . A
Vs,t = —HRs + q (Ht) |:Q9Sb757t (Ws,t—l) + (1 - 795) Js,t ( 37t)} + 5Et;\7+t1 [1 —q (et)} Vs,t+1~

Free entry into both sectoral matching markets ensures that the outside option of hiring
firms is zero in each period, Vo =0 V 7 > t. Hence, the non-arbitrage condition for vacancy

creation is given by:
ks = q(6;) ['[gsjs,t (W) + (1 — ?§s> Tsit ( ;t” . (17)

Hiring firms with filled positions have access to a strictly concave and twice differentiable

production function:
o= (h,)"
s,t st ’
where gjit is the quantity of specialised labour services, h{ is the number of hours worked by

individual j and as < 1 is the production elasticity of working hours. At the sectoral level, the

quantity of specialised labour services in period t is given by:

Ns,t . as 17, .
o =mahSi = [ ()" di = [ i (18)

10



where n,; denotes the number of filled positions in sector s. Labour services produced by hiring
firm j, gg’t, are rented to final good firms at the competitive price . Hence, real per-period

profits of hiring firm j are given by:
. . Qg . .
g,t = SDZ,Lt (hi,t) - h?s,t (Ws],t/Pc,t) — HMs,

where Wg}t /P.+ is the real hourly wage paid by firm j in sector s and pus is the sector-specific
non-labour cost of production''. Thus, the value of employment for firm j in sector s is equal

to
js,t (Wsj,t) = Cbit + /BEt)\;—:l (1 - ps) |:1§SL7S,t+1 (Wg7t+1> + (1 - 'lgs) x7s,t+1 (W;t+1>} ) (19)

where the second term denotes the expected continuation value of employment for the firm
— conditional on surviving exogenous job destruction at the end of period ¢. In particular,
the expected continuation value reflects the fact that nominal wages are subject to staggered

contracts with a constant renegotiation probability of 1 — ;.

3.5 Wage Determination

Frictions in the labour market and decreasing-returns-to-scale at the hiring firm level create
economic rents between matched firm-worker pairs. These rents are shared by wage bargaining.
Following Andolfatto (1996), the representative household takes the labour supply decision for
all its members. In particular, we assume that the household bargains with each employer
separately, while taking wages in all other matches as given (Pissarides 2000, Chapter 3).

The nominal wage rate is determined by Right-to-Manage wage bargaining.'? This bargain-
ing protocol presumes the following sequential setting. First, the two parties agree on a nominal
wage rate per hour, Wg}t, according to the Nash rule. Second, the hiring firm may choose uni-
laterally the number of hours per worker, hgt. Therefore, the hiring firm sets the number of
hours per worker so as to maximise its surplus share:

S,

Pc,t

= gpras (1) (20)

Equation (20) states that, in each sector, the real wage rate, Wit /Pe+, must be equal to the real
marginal revenue product per hour worked. As a result, the real wage rate is allocative for the
number of hours per worker, hit. This establishes a direct link (the so-called “wage channel”

Christoffel & Kuester 2008) between the real marginal cost, ¢}", and the real wage rate.

HNote that the sector-specific non-labour cost is paid per worker. Thus, at the aggregate level, non-labour
costs are proportional to the current employment level. Non-labour costs therefore represent variable production
costs that are independent of the actual number of hours per worker. For instance, these costs include overhead
costs like administrative services or health insurance costs (Christoffel & Kuester 2008).

12Section (4.3.1) evaluates the model under Nash (1953) bargaining.
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In other words, the hiring firm has full bargaining power in stage two. As both parties
are fully rational, they internalise the way hours per worker are set when bargaining over the

nominal wage rate in stage one. Backward induction implies that the Nash rule is now given by:

* *

W (21)

st

YIs it ; st — -7
8W.‘9],t

J
* 8‘7S,t
s,t i
) J
oWy,

where asterisks denote the optimal choice of real hourly wages and the optimal choice of hours
associated with these wages. The parameter v, denotes the time-invariant “nominal” bargaining
power of the representative household in sector s. The sectoral “effective” bargaining power,

however, is a time-varying variable:

VsNst

, (22)
Y5 + (1= vl

* —_—
P)/s,t -

where 7, is the marginal benefit of a change in the nominal wage rate to the representative
household:

j *
s,t

th Wi = fue — fa, where (23)

wo__
ns,t -

* 1+o0s

Os
fl, = We e Xs (hs’t) + B0 (1 — ps) Ey At+1 (w;k,t+177c,t+1> e
s,t s s

s

fl,t+1 and (24)

*

1—as At w;t At Wg ¢
w*7th*’t ~ )\t 1 w* 17T 7t+1 1—35
fft:as = + BVs (1 — ps) By - S7t+* - fs2t+1 (25)
’ 1—as At wg ’

and nﬁit is the marginal benefit of a change in the nominal wage rate to the firm:

aj]t " * * * 3 At-‘rl w* t+17rc,t+1 l‘jas
nit = — TW/Zt st = ws,ths,t + (1 — ps) ﬂ’lgsEt N S, w:t nit_,’_l, (26)
S, )

Furthermore, we assume that both new and ongoing matches are subject to staggered nominal
wage contracts with Calvo (1983) probability J,. Hence, the average sectoral nominal wage

evolves according to:'3

Woe =0 Wey1+ (1= 70,) Wi, (27)

3Hacfke, Sonntag & van Rens (2012) as well as Petrongolo & Pissarides (2008) document that the elasticity
of wages in new matches is higher than the elasticity of wages in ongoing matches. Under Right-to-Manage
wage bargaining (our preferred specification, see below), however, the dynamics of the model remain essentially
unchanged when we consider a lower stickiness parameter for new matches.
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3.6 Government and Monetary Authority

The government finances unemployment benefits b, issues bonds B; that pay a nominal interest
rate R; in period ¢t + 1 and rebates any seigniorage revenue to the representative household.

Each period, the budget balance is maintained by imposing a lump-sum tax 71"
T+ By — Ri1By—1 = (1 —ner —nay) l_)Pc,t-

When setting the nominal interest rate, the monetary authority obeys a generalised Taylor
(1993) rule as suggested by Clarida, Gali & Gertler (1999).

Hor Tp Ty l=pr
% = (R;;) [(Wc’t> (yt> y} ert With &p4 ~id.i.d., (28)
T Yy

where g, € [0,1) governs the degree of monetary policy inertia. The parameters r, € [0, 00)

and 7, € [0,00) control the responsiveness of the monetary authority to temporary shifts in
non-durable price inflation, 7rc,t,14 and aggregate output, y;. The latter is defined as the sum of
non-durable goods and durable goods in terms of non-durable prices: y; = ¢; + pq+2¢. Moreover,

letters without a time subscript refer to the steady state value of the associated variable.

3.7 Market Clearing

We assume that vacancy posting costs, ksvs and the non-labour cost of production at the hiring
firm level, psns ¢, are bundled in both sectors using the same technology as the non-durable CES

=4 . .
aggregator.'® Hence the sectoral resource constraints can be written as:

Yet = Ct + KeUet + KqUdt + MeNet + HdNd ¢ (29)
Ydt = Tt = dy — (1 - 5) di—1. (30)

3.8 Competitive Equilibrium

A stationary competitive equilibrium is a set of endogenous stationary processes, ys ¢, ¥t, Tt, A,
ct, di, W, W;“yt js’ft, M ts néﬁt, Cdt> Nst, Nst, Vs, Ut, gy B, fist and an exogenous process
{ere}i2, satisfying equation (1), (2), (6) and (10)-(30), given initial conditions for d_q, ns 1,
R_1, ws,—1 and g 1.

4 Model Evaluation

The following section evaluates the quantitative performance of the model economy. We param-
eterise our benchmark model and examine the effects of a contractionary monetary policy shock.
Therefore, we log-linearise the model around the non-stochastic steady state and solve for the

recursive law of motion using Dynare 4.2.5 (Adjemian, Bastani, Juillard, Mihoubi, Perendia,

1 All results remain essentially unchanged when the central bank targets wage inflation instead.
15 A1l results are robust when the costs in each sector are cleared in terms of sector-specific output.
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Ratto & Villemot 2011). Furthermore, we discuss the role of the wage bargaining protocol, the

degree of labour mobility and the size of hiring firms’ profits.

4.1 Parameterisation

We assume zero steady-state inflation in both sectors. All structural parameters — except for
the degree of price stickiness — are chosen symmetrically across sectors. The time period of the

model corresponds to one quarter.'® Table (3) provides a summary of the key parameters.

Preferences All preference parameters are calibrated using conventional values. The discount
factor, 8 = 0.99, is chosen to match an annual real interest rate of four percent. Furthermore,
we assume logarithmic preferences in the composite consumption good (0 = 1), such that
within-period utility of the representative household is separable in non-durable consumption
and durable services (as in Barsky et al. 2007). The share of non-durable consumption in the
utility function, ¢ = 0.76, implies that the steady-state share of non-durable production in
consumption is about 81%. The elasticity of substitution among sectoral varieties is set to
€s = 11. This value is consistent with a steady-state value of sectoral mark-ups equal to 10%.
The labour supply elasticity along the intensive margin, gg, is calibrated to 2.8, which is within
the admissible range suggested by MaCurdy (1983) and Card (1994). The average number of
hours per worker, hg, is normalised to unity (Trigari 2006), which requires setting the utility

cost parameter in sector-specific labour supply, xs, equal to 0.79.

Production and Technology As documented by Fraumeni (1997), the service life of durable
goods owned by consumers ranges from three years (e.g. auto parts) to 40 years (e.g. residential
investment). Thus, we set the quarterly depreciation rate of durable goods equal to § = 0.025,

corresponding to a mid-life of about ten years (Erceg & Levin 2006).

Firm-Worker Matches Given that the average number of hours per worker, A, is normalised
to unity, we find a negative relationship between the sectoral production elasticity of working
hours, a; and sectoral non-labour costs, ps. Following Bouakez et al. (2011), we set us = 0.54,
such that the labour input expenditure share, wshs/(wshs + us) = 40%, is in line with US
industry data on input expenditure (Jorgenson & Stiroh 2000).!” The implied value of o
is equal to 0.40. Importantly, we note that hiring firms’ profits are small under the current
parameterisation. As demonstrated by Christoffel & Kuester (2008) in a model with Right-to-

Manage wage bargaining, only if hiring firms’ profits are small, a given monetary policy shock

5When the model period is set to be one month, Right-to-Manage wage bargaining induces excessive labour
adjustment along the intensive margin. Therefore, we simulate the model at a quarterly frequency and impose
instantaneous matching in order to capture the fast US labour market dynamics.

" This value is clearly lower than the conventional value of about 66% reflecting the compensation of employees
in aggregate NIPA data. In our model, however, the labour input expenditure share represents the income share
of production workers excluding overhead costs. As surveyed by Christoffel & Kuester (2008), these overhead
costs may be substantial. For instance, Ramey (1991) documents that the share of non-production workers
in the manufacturing sector is about 30%. Basu (1996) finds even higher values. See also Footnote (18) and
Section (4.3.3).
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can be leveraged into large employment fluctuations.'® Otherwise, hiring firms tend to adjust
excessively along the intensive margin.

Moreover, we assume that both the “nominal” and the steady-state “effective” bargaining
power are symmetrically distributed; i.e., 75 = 72 = 0.5. As explained by Consolo & Hertweck
(2010), this implies that, in the steady state, the real wage rate is equal to the marginal rate of
substitution (see equations 23 and 26). The value chosen for the labour supply elasticity along

the intensive margin ensures that this condition is satisfied.’

Search in the Labour Market Following Shimer (2012), we target an average unemployment
rate, 1 — ne; — ngy, equal to 6% and a steady-state job separation rate, ps, equal to 10%
per quarter. Therefore, we set the sectoral hiring cost parameter to ks = 0.07, the efficiency
parameter in the matching function to m = 0.95 and unemployment benefits to b = 0.24. These
values imply that the ratio of vacancy posting costs to aggregate output is equal to 0.5% (as in
Cheron & Langot 2004). The total replacement ratio (i.e., the sum of unemployment benefits, b
and the value of the leisure surplus during unemployment, [, divided by the real wage) is equal
to 0.91.2Y The average job finding rate of the measure of aggregate job searchers, u; = 0.15, is
equal to p(f) = 0.61. Besides, we set the matching elasticity of vacancies, £, equal to 0.5. This
value is within the interval [0.3,0.5] proposed by Petrongolo & Pissarides (2001).

Price and Wage Stickiness Using the data set provided by Klenow & Kryvtsov (2008),
we find that the quarterly frequency of price changes for the median product category in non-
durable goods & services (here: automobile insurance) is equal to 1 — . = 0.30. On the other
hand, we find that about 70% of durable expenditure is due to housing, vehicles and personal
computers; i.e, very flexibly priced product categories. For instance, the quarterly frequency of
price changes for personal computers is equal to 94%. Therefore, as is standard in the literature
with durable production (see e.g. Tacoviello 2005, Sterk 2010), we set the Calvo parameter for
price stickiness in the non-durable sector, ¥., equal to 0.7 and assume perfect price flexibility
in the durable sector; i.e., 3 = 0. Importantly, we note that the “comovement puzzle” is
aggravated by the strong asymmetry in cross-sectoral price flexibility imposed by the current
parameterisation. Furthermore, according to the estimate of Gottschalk (2005), we set the
degree of nominal wage stickiness equal to 95 = 0.4 in both sectors. This value corresponds to
an average wage contract duration of about five months.?! The symmetric parameterisation of

wage stickiness across sectors is in line with the results of our SVAR model (see Section 2).

Monetary Policy Finally, the policy parameters of the generalised Taylor rule, p, = 0.8,
rp = 2.0 and r, = 0.3, are taken from Gertler, Sala & Trigari (2008).

18 A similar argument was made by Hagedorn & Manovskii (2008) in a search economy with Nash bargaining

subject to technology shocks. As a robustness check, Section (4.3.3) examines the model dynamics when ,uglt is

lowered to 0.28 such that the labour input expenditure share equals 68% and the implied value of o't is equal
to 0.65.

YTogether with € = 0.5 (see below), the current parameterisation implies that the non-stochastic steady-state
of our model economy is efficient — independent of the wage bargaining protocol.

20See Footnote (18).

21 As pointed out by Gottschalk (2005), the estimate may be biased by spurious statements. Thus, we also

evaluate the model when 9, set equal to 0.7 (corresponding to an average wage contract duration of ten months).
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4.2 The Dynamic Effects of a Monetary Policy Shock

The following section examines the dynamic effects of a contractionary monetary policy shock.
Section (4.2.1) demonstrates that the elasticity of real marginal costs is key to understand the
monetary transmission mechanism in a two-sector business cycle model. Section (4.2.2) discusses

the impulse response functions under staggered Right-to-Manage wage bargaining.

4.2.1 The Role of Stickiness in Real Marginal Costs

The model generated monetary policy shock represents a temporary, but persistent hike in the
nominal interest rate. Given that prices of non-durable goods are sticky, the monetary contrac-
tion leads to a rise in the real interest rate via the standard Euler equation (11). Consequently,
the marginal utility of the composite consumption good, A, rises. Furthermore, we note that
the depreciation rate, §, is low and that the subjective discount factor, 3, is close to unity. For
this reason, short-run fluctuations in durable expenditure have only little effect on the aggregate
stock of durable goods. As a result, the shadow value of durable goods; i.e., the right hand side
of the asset pricing equation, equation (12), remains essentially unchanged after a temporary
monetary contraction:

Atoa ~ C.

As demonstrated by Barsky et al. (2007), the “near constancy” property of the shadow value of
durable goods, C, implies that the rise in the marginal utility of consumption, ), is accompanied
by a deep fall in the relative price of durable goods, ¢4 ;. In particular, if the percentage decline
in the relative price of durable goods is greater than the percentage increase in the marginal
utility of the composite consumption good, the representative household has incentives to build
up the stock of durable goods, d;, at low costs.

This mechanism implies that households reduce durable expenditure only if the percentage
decline in the relative price of durable goods, ¢4 is smaller than the percentage increase in
the marginal utility of consumption, A\;. Since durable good prices are perfectly flexible, the
percentage decline in the relative price of durable goods is exactly identical to the percentage
decline of real marginal costs in the durable sector, ¢gy- When labour markets are frictionless,
as in Barsky et al. (2007), real marginal costs in both sectors are flexible. Thus, the standard
monetary business cycle model with Walrasian labour markets predicts that sectoral outputs
move in opposite direction. On the contrary, when real marginal costs in the durable sector are
inelastic, the relative price of durable goods falls only moderately. If this effect is sufficiently
strong, the representative household has incentives to lower durable expenditure. Thus, we
conclude that sectoral comovement requires that the real marginal cost in the durable sector is
sufficiently inelastic (see also Carlstrom & Fuerst 2010).

In our model environment, real marginal costs in both sectors, ¢, behave exactly identical
to the relative price of durable goods, ¢4 ;. This result stems from the fact that (i) durable prices
are perfectly flexible, which allows durable producers to set prices equal to marginal costs and
(i) job searchers are perfectly mobile, which equalises real marginal costs across sectors. More
precisely, hiring firms in the durable (non-durable) sector increase (decrease) the number of

open vacancies until the non-arbitrage condition is satisfied. This cross-sectoral spillover effect
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reduces the elasticity of real marginal costs in the durable sector and increases the elasticity
of real marginal costs in the non-durable sector, until the response of real marginal costs is
symmetric in both sectors (see also Section 4.3.2).

In summary, the potential of our model to reduce the elasticity of real marginal cost arises
from two sources. First, through the presence of job search and matching frictions (Pissarides
2000). Second, by the impact of staggered Right-to-Manage wage bargaining (Christoffel &
Kuester 2008). Furthermore, some stickiness originating in the non-durable sector may affect
real marginal costs in the durable sector via cross-sectoral spillovers. In the following, we analyse

whether these effects are sufficiently strong such that sectoral outputs move in the same direction.

4.2.2 Right-to-Manage Bargaining

Figure (2) illustrates the impulse responses under Right-to-Manage wage bargaining. This bar-
gaining protocol imposes that the hiring firm and the representative household first bargain over
the nominal wage rate (which may be subject to staggered wage contracts). Second, hiring firms
choose the number of hours per worker unilaterally (Trigari 2006). Importantly, hiring firms
take the real wage rate — which was already fixed in the preceding bargaining step — as given
when choosing the profit-maximising number of hours per worker. Thus, Right-to-Manage wage
bargaining establishes a direct link between the nominal wage rate and the real marginal cost;
i.e., the so-called “wage channel” (Christoffel & Kuester 2008).

The red dashed line represents the impulse responses of our benchmark model, i.e; nominal
wages are subject to staggered contracts with Calvo parameter J5 = 0.4. Our benchmark model
comes close to replicating the pattern observed in the data. First, the model is able to generate
sectoral comovement. Second, the model closely matches the high elasticity of output and
employment in the durable sector relative to the non-durable sector — output by factor six and

employment by factor five. Third, in each sector, the elasticity of average working hours®? is

clearly lower than the elasticity of employment.??

On the contrary, when nominal wages are negotiated period-by-period, the model is less
successful in replicating the empirical pattern. Both durable output and employment display
a U-shaped decline, but the impact effect is positive (represented by the blue solid line in
Figure 2). Only if nominal wages are sticky (represented by the red dashed and green dotted
line), the model is able to generate marked negative responses in both sectors. The stronger the
degree of wage stickiness, the larger are the elasticities of output and employment in the durable
sector. The mechanism behind the observed pattern is the following. On the one hand, stickiness
in nominal wages, W, reduces the elasticity of real marginal costs, ¢{, in both sectors (see
equation 20). On the other hand, perfect mobility of job searchers entails that some stickiness
originating in the non-durable sector spills over to the durable sector. For this reason, both real

marginal costs in the durable sector, Pt and the relative price of durable goods, ¢4+, become

22Staggered Right-to-Manage wage bargaining gives rise to dispersion in the number of hours per worker.
Strictly speaking, the impulse response function depicted in Figure (2) shows the number of hours per worker
associated with the average nominal wage rate.

23 As all sectoral parameters are chosen symmetrically and job searchers are assumed to be randomly matched
with hiring firms from both sectors, the response of working hours is identical in both sectors.
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less elastic when nominal wages are subject to staggered wage contracts. As a result, households
lose the incentive to build up the stock of durable goods after a monetary contraction.
In order to understand the response of hours per worker, it seems advantageous to rewrite

equation (20) as follows:
1

W, = (M) o (31)
’ Wi

Accordingly, any reduction in sectoral real marginal costs, ¢{, is accompanied by a decline in
the real wage rate, Wit /P, and/or the amount of hours per worker, hgt. Thus, the higher
the degree of nominal wage stickiness, the sharper the drop in the number of hours per worker.
In particular, we observe that only our benchmark model, which adopts a moderate degree of
nominal wage stickiness (Gottschalk 2005), is able to replicate the dynamics of labour adjustment
along the extensive and intensive margin. When nominal wages change less frequently, the model
predicts that the elasticity of hours per worker in the non-durable sector is of the same magnitude
as the elasticity of employment. The latter result is not consistent with the empirical evidence.

The reason why our benchmark model exhibits such a strong “wage channel” is the sequen-
tial bargaining setting. In the first stage, the representative household anticipates the lack of
influence on working hours. The anticipation effect strengthens its “effective” bargaining power,
Vs> during the wage bargaining process, which induces additional stickiness in the real wage
rate (Consolo & Hertweck 2010). The resulting low elasticity of the real wage rate gives firms

in both sectors strong incentives to adjust labour mainly along the intensive margin.

4.3 Discussion

The previous section has shown that the Right-to-Manage wage bargaining model with moderate
nominal wage stickiness (Gottschalk 2005) comes closest to matching the pattern observed in
the data. The current section analyses the impact of the following three assumptions. First,
we investigate sensitivity to the wage bargaining protocol. Therefore, we evaluate the model
dynamics under Nash (1953) bargaining. When nominal wages are bargained period-by-period,
this model version allows us to quantify the impact of job search and matching frictions in
comparison to the model of Barsky et al. (2007). Second, we study the effects of labour mobility
for the cross-sectoral transmission of stickiness in real marginal costs. Third, we examine the

role of hiring firms’ profits for the amplification of employment fluctuations.

4.3.1 Nash Bargaining

Model Environment In contrast to Right-to-Manage wage bargaining, Nash bargaining as-
sumes that the nominal wage rate and the number of hours per worker are chosen simultaneously

in order to maximise the weighted product of each party’s surplus share:

s D 020] s )]

s5,t7"s,t

18



where -y, is the bargaining power of the household in sector s. Thus, the first order conditions

with respect to W', and hg, are:

Vsx (W5e) = (1= 7) War (W) (32)
and e
Plaghls Tt = Xt (33)
3 ) )\t

Equation (33) shows that hours per worker are set such that the real marginal revenue product
of labour (left hand side) equals the marginal rate of substitution between consumption and
labour (MRS, right hand side). This rule maximises each party’s surplus share and, therefore,
is made by mutual agreement. Therefore, the dynamics of real marginal costs are determined
by the cyclical behaviour of the MRS — and not by the nominal wage rate. The nominal wage
rate only divides the joint surplus into two shares, but has no impact on its size. This explains
why the model with Nash bargaining lacks a direct “wage channel”. For this reason, staggered
nominal wage contracts can affect the dynamics of real marginal costs only indirectly through
the vacancy posting decision.

To find the stationary competitive equilibrium under Nash bargaining we substitute equa-
tions (20)-(21) for (32)-(33) and we remove the set of equations (23)-(26). We parameterise this
model version such that its non-stochastic steady state is identical to our benchmark model. As

mentioned above, this parameterisation implies that hiring firms’ profits are small.

Impulse Response Analysis Figure (3) illustrates the impulse responses to a contractionary
monetary policy shock when nominal wages are determined by Nash bargaining. We observe that
the model successfully generates sectoral comovement — even if nominal wages are negotiated
period-by-period. This result indicates that the introduction of job search and matching frictions
helps the model to solve the “comovement puzzle”. In particular, the costly and time-consuming
search for workers in the labour market and the existence of long-run employment relationships
lead to a reduction in the elasticity of real marginal costs.

As a result, real marginal costs in both sectors are now less elastic than in the model with
frictionless labour markets (Barsky et al. 2007). The inelasticity of the real marginal cost
in the durable sector translates into sluggish dynamics of the relative price of durable goods.
Therefore, the representative household abstains from using durable goods as an investment
device to smooth aggregate consumption. However, we note that the effect is not sufficiently
strong to replicate the high elasticity of durable output and employment relative to the non-
durable sector.

When nominal wages are subject to staggered contracts,?* we observe that the model gener-
ates more elastic responses in durable output and employment. However, the model replicates
the high elasticity of durable output and employment relative to the non-durable sector only
if the Calvo parameter (9,=0.7) is higher than observed in the data (Cottschalk 2005). As

24Note that, when labour market are frictional, nominal wage stickiness does not necessarily distort the em-
ployment formation/separation decision between a matched firm and a worker. As explained by Hall (2005), the
joint match surplus establishes a set of infinitely many equilibrium wages. Thus, as long as the wage rate lies
within the bargaining set, the Barro (1977) critique does not apply.
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explained above, nominal wage stickiness under Nash bargaining affects real marginal costs only
indirectly as it changes hiring firms’ incentives to adjust the number of vacancies. Thus, the
effects of nominal wage stickiness are limited. This finding is related to the “irrelevance” result
documented by Krause & Lubik (2007) who show that, when wages are determined by Nash
bargaining, real wage stickiness is almost irrelevant for inflation dynamics.

However, the most important deficiency of the model with Nash bargaining is that the model
generated response of working hours, h;, is very close to zero in both sectors. In the data, on
the contrary, labour input contracts significantly along both margins. Rewriting equation (33)
reveals that the zero response of working hours is due to the “near constant” shadow value of
durable goods:

= m Xshg,st

C= Sos,t)‘t = Waé_l.
In other words, working hours in both sectors are nearly constant because real marginal costs,
¢4y and the marginal utility of the composite consumption good, A¢, move in opposite directions.
More precisely, as the rise in A; is marginally higher than the fall in g7, working hours even

display a slight increase.

4.3.2 Sector-Specific Labour Markets

The cross-sectoral spillover effect occurs through labour mobility between the two sectors. If job
searchers are perfectly mobile, as in the baseline version of our model, random matching with
vacancies of either kind entails that both types of hiring firms face the same vacancy filling rate.
This channel equalises real marginal costs across sectors and, thus, may transmit stickiness from
one sector to the other. In the following, we examine the potential of labour market frictions to
reduce the elasticity of real marginal costs in a two-sector monetary business cycle model.

Our benchmark model assumes that job searchers are randomly matched with hiring firms
from both sectors. This assumption seems reasonable, given the high degree of inter-industry
mobility of workers in the U.S. — as documented by Kambourov & Manovskii (2008) and Herz &
van Rens (2011). In order to highlight the importance of labour mobility, the current subsection
presents a model version where job searchers are immobile across sectors. More specifically, there
is a separate matching market for workers previously employed in the durable and non-durable
sector respectively. These job searchers can only be matched with hiring firms from the same
sector.?”

Figure (4) compares the impulse responses of the current model specification with the bench-
mark model. In both model versions, nominal wages are subject to staggered Right-to-Manage
bargaining with Calvo parameter 9 = 0.4. When job searchers are immobile across sectors, the
non-arbitrage condition for vacancy creation is no longer satisfied. Therefore, the dynamic effects
of the vacancy filling rate are sector-specific. This modification eliminates the spillover effect
that equalises real marginal costs across sectors. Thus, compared to the benchmark model, the
elasticity of the real marginal cost rises in the durable sector, but falls in the non-durable sector.

This effect reduces the representative household’s incentives to decrease durable expenditure

25The non-stochastic steady state of this alternative model version is parameterised such that all sectoral
transition rates are symmetric.
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after a monetary contraction. Consequently, the sign of the impulse responses in the durable
sector remains negative, but the degree of stickiness in real marginal costs is not sufficient to
replicate the sharp fall in durable production.

This result indicates that labour mobility plays an important role in the transmission of
monetary policy shocks. Only if job searchers are mobile across sectors, stickiness originating
in the non-durable sector can spill over to the durable sector. This indirect channel makes the
real marginal cost in the durable sector sufficiently sticky in order to replicate the high elasticity
of durable production. Therefore, we conclude that the assumption of random matching seems
a good approximation.”® The shape of the impulse responses, however, is not sensitive to the

degree of labour mobility.

4.3.3 Alternative Parameterisation

The benchmark parameterisation presented in Section (4) calibrates the non-labour cost of
production, us = 0.54, such that the steady state labour input expenditure share, wshs/(wshs +
is), is equal to 40%, which is in line with U.S. industry data on input expenditure (Jorgenson

& Stiroh 2000). In the following, we examine the model dynamics when the non-labour cost of

alt
s

production, p%* = 0.28, is set such that the labour input expenditure share is equal to 68%,
which is consistent with aggregate NIPA data from the BEA. The alternative calibration target
implies that the production elasticity of working hours rises from s = 0.45 to a2 = 0.65. At
the same time, we adjust the vacancy posting cost parameter, ng” = 0.46, such that the steady
state unemployment rate, 1 — n. — ngy = 6%, remains unchanged.

The value chosen for the non-labour cost of production is important, as it reduces the size
of hiring firms’ profits. Only when hiring firms’ profits are small, a given monetary policy shock
can be “leveraged” into large employment fluctuations (Christoffel & Kuester 2008). This effect
follows from the non-arbitrage condition for vacancy creation (equation 17), which establishes
a link between the elasticity of vacancies and the elasticity of hiring firms’ profits. Otherwise,
as hiring firms may set the number of hours per worker unilaterally, Right-to-Manage wage
bargaining gives rise to excessive labour adjustment along the intensive margin. The current
section quantifies this effect.

Figure (5) illustrates the impulse responses under the alternative parameterisation. We
observe that, under the alternative parameterisation, the elasticity of working hours is three
times larger than in our benchmark model. In addition, due to the assumption of perfect labour
mobility across sectors, the response of working hours is symmetric. As a result, hiring firms in
the non-durable sector tend to adjust labour input almost exclusively along the intensive margin.
This outcome is clearly at odds with the empirical evidence. For this reason, we conclude that
small profits of hiring firms improve the quantitative performance of our model. Qualitatively,
however, the model’s ability to generate comovement across sectors does not depend on the

specific parameterisation.

26Note that Bouakez et al. (2011) reach the opposite conclusion in a model with input-output interactions.
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5 Conclusion

The seminal work of Barsky et al. (2007) demonstrates that a two-sector monetary business cycle
model with Walrasian labour markets fails to replicate sectoral comovement after a monetary
contraction. Since durable goods prices are flexible, but their shadow value is “near constant”,
optimising households build up the stock of durable goods at low cost and reduce the consump-
tion of non-durable goods and services. Thus, the model predicts that sectoral outputs move in
opposite directions. This outcome is clearly at odds with the data.

We show that the model with Walrasian labour markets fails to generate sectoral comovement
because the real marginal cost in the durable sector is too elastic. In this paper, we argue
that labour market frictions are able to reduce the elasticity of real marginal costs along two
dimensions. First, through the presence of job search and matching frictions (Pissarides 2000).
Second, by the impact of staggered Right-to-Manage wage bargaining (Christoffel & Kuester
2008) - a sequential bargaining protocol where nominal wages are negotiated before firms may
choose the number of hours per worker unilaterally.

Our benchmark model with staggered Right-to-Manage wage bargaining is able (i) to gener-
ate positive comovement between the durable and the non-durable sector and (i7) to replicate the
high elasticity of durable output relative to non-durable output and (iii) to match the empirical
pattern of labour adjustment along the extensive and intensive margin after a contractionary
monetary policy shock. Right-to-Manage wage bargaining (Trigari 2006) establishes a direct
link between the nominal wage rate and the real marginal cost. For this reason, any sticki-
ness in nominal wages directly reduces the elasticity of real marginal costs (the so-called “wage
channel”, see Christoffel & Kuester 2008). Thus, staggered Right-to-Manage wage bargaining is
able to generate a large contraction in durable production even at a moderate degree of nominal
wage stickiness, in line with the empirical evidence documented by Gottschalk (2005).

Furthermore, we investigate the impact of the specific wage bargaining protocol, the impor-
tance of labour mobility across sectors and the role of hiring firms’ profits for the quantitative
performance of our model. First, when nominal wages are set by Nash bargaining, the model
successfully generates sectoral comovement — even if nominal wages are fully flexible. How-
ever, the model version with Nash bargaining predicts that firms adjust labour input exclusively
along the extensive margins. Second, we find that our model generates sufficient stickiness in
the durable’s sector real marginal cost only if job searchers are mobile across sectors. Thus, the
non-arbitrage condition for vacancy creation equalises real marginal costs across sectors. Con-
sequently, stickiness originating in the non-durable sector may be transmitted to the durable
sector. Third, we show that the elasticity of employment depends on the elasticity of hiring
firms’ profits. Thus, when hiring firms’ are small, a given monetary policy shock is “leveraged”
into large employment fluctuations. Otherwise, as hiring firms may set the number of hours per
worker unilaterally, Right-to-Manage wage bargaining gives rise to excessive labour adjustment
along the intensive margin. The latter finding is equivalent to the conclusion by Christoffel &

Kuester (2008) in a one-sector monetary business cycle model.
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B Tables

B.1 Sources and Definitions of Data

Series Definition Source Mnemonic
NGy nominal durable goods BEA Table 1.1.5
NG, nominal non-durable goods BEA Table 1.1.5
NGy nominal services BEA Table 1.1.5
NG; nominal residential investment BEA Table 1.1.5
PDy price deflator, durable goods BEA Table 1.1.9
PD, price deflator, non-durable goods BEA Table 1.1.9
PD; price deflator, services BEA Table 1.1.9
PD; price deflator, residential investment BEA Table 1.1.9
WAs hourly earnings, services BLS CES0800000008
WA hourly earnings, construction BLS CES2000000008
WAy hourly earnings, durable goods BLS CES3100000008
WA, hourly earnings, non-durable goods BLS CES3200000008
HO; weekly hours, services BLS CES0800000007
HO. weekly hours, construction BLS CES2000000007
HOq weekly hours, durable goods BLS CES3100000007
HOy, weekly hours, non-durable goods BLS CES3200000007
EM; employees, services BLS CES0800000006
EM. employees, construction BLS CES2000000006
EMgy employees, durable goods BLS CES3100000006
EM, employees, non-durable goods BLS CES3200000006
POP civilian non-institutional population 16+ FRED CNP160OV
FFR effective Federal Funds rate FRED FEDFUNDS

Table 1: This table displays the definitions of the raw series used. The monthly series are aggregated to quarterly
data. All time series are seasonally adjusted (where applicable). We define the durable sector (D) as the sum
of durable goods (d) and residential investment (¢) when using BEA data and the sum of durable goods (d) and
construction (c¢) when using BSL data, respectively. Accordingly, the non-durable sector (N) is defined as the
sum of the non-durable goods (n) and services (s) in both databases used (BEA, BLS). We then use nominal
quantity series and price deflators to compute real Tornqvist (1936) quantity indices (QIn,QIp).

B.2 Definition of Variables in the SVAR

Variable Symbol Definition
relative price of durable goods Ap‘ti log of (PDp/PDy)
relative wage of workers in the durable sector Aw? log of ( WAp/WAN)
inflation rate in the non-durable sector m¢  first difference of log (PD¢)
employment rate in the non-durable sector n§  log of (EMy/POP)
employment rate in the durable sector nd  log of (EMp/POP)
hours per worker in the non-durable sector h$  log of (HOc¢)
hours per worker in the durable sector h¢  log of (HOp)
output per capita in the non-durable sector y¢  log of (QIn/POP)
output per capita in the durable sector yf log of (QIp/POP)
Federal Funds rate ¢ FFR

Table 2: This table displays the variables that enter the SVAR.
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Table 3: Parameter Values - Baseline Calibration

Description Parameter Value
Preferences
discount factor I5) 0.99
inverse of the inter-temporal elasticity of substitution o 1
weight of non-durable goods in the utility function ¢ 0.76
share of non-durable goods in consumption (implied) c/(c+ @ya) 0.81
elasticity of substitution between varieties €s 11
labour supply elasticity along the intensive margin 0s 2.8
hours per worker (normalisation) hs 1
utility cost of working time (implied) Xs 0.79
Production and Technology
durable depreciation rate ) 0.025
Firm-Worker Matches
non-labour cost of production s 0.54
labour input expenditure share (implied) wehs/(wshs + ps)  0.40
production elasticity of labour (implied) Qg 0.40
nom./eff. bargaining power of the rep. household VssVa 0.5
Search in the Labour Market
aggregate unemployment rate (implied) 1—mne—ng 0.06
separation rate Ps 0.10
vacancy posting cost Ks 0.07
efficiency of the matching function m 0.95
unemployment benefits b 0.24
ratio of vacancy posting costs to aggregate output (implied) (kv)/y 0.005
total replacement ratio (implied) (b+1)/w 0.91
aggregate job searchers (implied) Uy 0.15
job finding rate (implied) p(0) 0.61
matching elasticity of vacancies 13 0.5
Price and Wage Stickiness
Calvo price stickiness in sector ¢ I 0.7
Calvo price stickiness in sector d Yy 0
Calvo wage stickiness (symmetric across sectors) Vs 04
Monetary Policy
monetary policy inertia L 0.8
monetary policy responsiveness to inflation Tp 2.0
monetary policy responsiveness to the output gap Ty 0.3
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Figure 1: The figure illustrates the Cholesky orthogonalised impulse responses to a contractionary monetary
policy shock. The blue solid line is the point estimate. The red dashed lines represents the two standard error

confidence band.
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Figure 2: The figure illustrates the impulse responses to a contractionary monetary policy shock under Right-
to-Manage bargaining. The blue solid line represents the flexible wage regime. The red dashed line represents the
sticky wage regime (with 9 = 0.4).
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Figure 3: The figure illustrates the impulse responses to a contractionary monetary policy shock under Nash
bargaining. The blue solid line represents the flexible wage regime. The red dashed line represents the sticky
wage regime (with ¥ = 0.4).
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Figure 4: The figure illustrates the impulse responses to a contractionary monetary policy shock under different
degrees of cross-sectoral labour mobility. The blue solid line represents the model with perfect cross-sectoral
labour mobility. The red dashed line represents the model where labour is sector-specific. Nominal wages are
sticky under both model versions (with ¢ = 0.4).

DG/NDG Relative Price NDG Output NDG Employment NDG Hours per Worker
0.02
0.1 0.1 0.02
0.01
0.05 0.05
0 ——
07——_ 07——— 0
-0.01 -0.05 -0.05 /
-01 -0.1 -0.02
-0.02
-0.15 -0.15
-0.03 -0.2 -0.2 -0.04
o 2 4 6 8 2 4 6 8 2 4 6 8 o 2 4 6 8
DG/NDG Relative Wage DG Output DG Employment DG Hours per Worker
0.02
0.1 0.1 0.02
0.01
0.05 0.05
0 0 0 o A=
/ / 4
-0.01 ~0.05./y -0.05¢ »
-01? 4 -0.02
-0.02
-0.15 -0.15
-0.03 -0.2 -0.2 -0.04
0 2 4 6 8 2 4 6 8 2 4 6 8 0 2 4 6 8

m— RtM Sticky (0.4), alpha = 0.65 === == RtM Sticky (0.4), alpha = 0.45|

Figure 5: The figure illustrates the impulse responses to a contractionary monetary policy shock under two
different model parameterisations. The blue solid line represents the model when as = 0.65. The red dashed line
represents the model when o = 0.45. Nominal wages are sticky under both model versions (with ¢ = 0.4).
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