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Abstract

This paper incorporates search and matching frictions in the labor market into a New Keyne-
sian model. In contrast to the literature, the labor market activity takes place in the (Calvo-
staggered) price-setting sector. Matching frictions lead price-setting firms to negotiate wage
rates with their employees. The negotiation of wages substantially increases strategic comple-
mentarity in price-setting among suppliers of differentiated goods. This leads to an increase in
real rigidities as in Woodford (2003), which reduces the size of price changes optimally chosen
by re-optimizing firms. The same factors which induce smooth inflation also dampen the ad-
justment of wages in response to shocks. In the search and matching framework this is key for
explaining the highly responsive nature of vacancies in the data. Another interesting finding for
the Phillips curve is that inflation is not only driven by an output gap but also by an employment
gap — a feature usually neglected in empirical research. The modified model matches impulse
responses of an SVAR for post Volcker-disinflation US data very well.

JEL Classification System: E31,E24,E32,J63,J64

Keywords: firm-specific labor, real rigidities, Phillips curve, wage rigidity, bargaining.
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Non-technical Summary

This paper highlights that the labor market may have a potentially strong effect on the joint
behavior of inflation and real wages over the business cycle. In particular, even if wage rates are
reset as frequently as prices are (on average every second quarter in the paper’s calibration for
the US), the resulting real wage series does not respond much to a sudden monetary easing and
to the associated increase in aggregate demand and labor market tightness. The intuition rests
on the assumption that wages are not set independently of the demand situation which the firm
is facing. Especially if demand is relatively price-elastic, as might reasonably be argued is the
case for many industries in times of increasing globalisation, the model predicts both smooth
wages and smooth inflation.

The model is set up in a plain-vanilla New Keynesian environment with search and matching
frictions in the labor market & la Mortensen and Pissarides (1994). These frictions mean that
firms which seek to recruit may not find a suitable worker to instantly fill the vacancy. On the
worker side, these frictions also mean that workers who are unemployed might not immediately
find a new job. Since opening vacancies is costly and neither the firm can easily substitute a
worker for another nor a worker can easily change jobs, a firm-worker match entails economic
rents. These rents are distributed between the firm and the worker through wage bargaining.

The model highlights that labor naturally arises as a temporarily firm-specific factor within a
New Keynesian framework with search and matching frictions in the labor market. The existing
literature assumes that bargaining and hiring occur in a different industry than the production
of final consumption goods. The setting of the price of these final goods is therefore not directly
linked to the bargaining situation within the firm. As e.g. Krause and Lubik (2005), Trigari
(2006) and Christoffel and Linzert (2005) have shown, in such a setting, including the labor mar-
ket into the New Keynesian benchmark model does not have much of an effect on inflation inertia
unless one assumes that the wage bargaining deviates from efficient bargaining. Consequently,
this paper merges these two sectors: workers are employed in firms which directly produce a
differentiated final output good. While this appears to be a minor change, it turns that it has
repercussions on both inflation and wage rigidity. Intuitively, with both sectors merged, at the
stage of the wage bargaining both workers and firms are well aware of the effect which the wage
has for the (marginal) costs of the firm and therefore for the firm’s demand conditions.

The mechanism which is at work is the following. Due to the matching frictions, in the short-run
a worker constitutes a firmspecific factor of production for the firm. He is associated with the
firm, is not himself able to walk away and work at a different firm and, on the other hand, the
firm also cannot easily replace him. Now consider a worker who contemplates asking for a wage
increase. All else equal an increase in the wage rate for the worker would lead to an increase
in marginal production costs for the firm. Since the firm is a monopolist for its variety of the
good!, it would immediately pass part of the cost increase on to consumers through an increase
in the product price. So the worker knows that a higher wage demand will lead to a higher
product price. This higher product price, however, would make the variety of the good which
the firm produces relatively more expensive than that of competitors. Demand would fall. In
turn, the worker will be employed for fewer hours in order to satisfy this demand. Assuming
that workers have an increasing marginal disutility of work, this leads to a fall in the worker’s

! In technical terms, the firm operates in monopolistically competitive product markets.
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marginal disutility of work. In other words, the subjective price that the worker assigns to
his work-load has fallen. Any putative increase in the wage demanded by the worker therefore
triggers a counteracting force, reducing a worker’s incentive to ask for a wage increase in the
first place. Wages are therefore smoother than in the absence of this channel.

For the argument to go through three ingredients are of importance: a) demand needs to be
relatively price-elastic (so demand drops by enough when wages increase), b) marginal disutility
of work needs to be sufficiently increasing (so the subjective price of work reacts enough to a
change in the work-load) and c) there need to be matching frictions in the labor market (without
matching frictions, the firm would simply immediately replace a worker who is asking for a wage
increase by another worker).

Exactly the same mechanism is at work to generate smooth price adjustments.? The same fac-
tors that drive the real (price) rigidity thus translate into significant real wage rigidity. The
current paper therefore contends the irrelevance of the labor market for the inflation process
found in the recent labor market literature.

The resulting smooth hourly wage series implied by the model allows to replicate the fluctuation
of vacancies and unemployment found in US data (cp. Hall, 2005, Shimer, 2005). The current
paper illustrates this using a structural VAR analysis with an identified monetary policy shock.

2 A firm that would like to increase its price would face a fall in demand. The ensuing fall in the worker’s
shadow price of work would reduce the workers wage demand and thus marginal costs. With marginal costs
fallen the firm would face less pressure to incresase the price in the first place. For prices and in the absence of
equilibrium unemployment, this mechanism has already been highlighted in the discussion about real rigidities
in Woodford (2003).
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1 Introduction

The New Keynesian model can achieve a smooth inflation series while preserving the assumption
of reasonable nominal rigidity® once the model structure induces firms to voluntarily opt for
small price changes through so called real (price) rigidities, see e.g. Ball and Romer (1990) and
Eichenbaum and Fisher (2004). One strand of the literature states that the labor market is at the
heart of understanding the inflation process. Here, wage rigidity can be used to induce inflation
inertia, see e.g. Christiano, Eichenbaum, and Evans (2005). A full-fledged labor market and
especially equilibrium unemployment is, however, suspiciously absent from these models. The
other strand of literature adds an explicit labor market with search and matching frictions and
equilibrium unemployment to the New Keynesian model. Astonishingly, this strand of literature
arives at the contrary conclusion: litte real rigidity remains, see e.g. Krause and Lubik (2005)
and Trigari (2006). The current paper contends the irrelevance of the labor market for the

inflation process found in the latter strand of literature.

Labor market frictions, on the one hand, can help to account for a smooth inflation series
once they induce reasonably smooth aggregate marginal cost. In Christiano, Eichenbaum, and
Evans (2005) price-setting firms hire labor in a perfectly competitive market. Wage rigidity
then achieves smooth marginal cost. The presence of equilibrium unemployment can further
curb aggregate marginal cost as there are slack resources into which firms can tap once shocks
increase aggregate demand. The literature, however, has found that the effect from adding an
extensive margin of employment is rather limited, see Krause and Lubik (2005) and Trigari
(2006). A different mechanism which induces firms to change prices in small increments works
via strongly responsive marginal cost at the individual firm level.* In Woodford (2003, Ch. 3),
e.g., workers are permanently assigned to a specific firm which produces a differentiated good.
A firm which contemplates increasing its price then anticipates that the ensuing fall in demand
causes a reduction in hours worked. In his framework this triggers a fall in the marginal rate of
substitution of the worker which leads to lower wage demand and consequently lower marginal
cost. This in turn reduces the incentive to increase the price in the first place. Woodford needs
to make the assumption that labor is completetely firm-specific and worthless outside of the
specific firm.?

My paper, in contrast, stresses that labor as a firm-specific factor arises naturally within a New

3 US firms adjust prices on average twice a quarter (see Bils and Klenow, 2004, and Klenow and Kryvtsov,
2005).

4 The potential importance of firm-specificity of capital has recently been met by considerable interest; see
Sbordone (2002), Woodford (2003, 2004), Sveen and Weinke (2004), Christiano (2004), Eichenbaum and
Fisher (2004) and Altig, Christiano, Eichenbaum, and Linde (2005). Another way to reconcile Phillips curve
estimates with micro-evidence is to assume decreasing returns to factors of production, see e.g. Gali, Gertler,
and Loépez-Salido (2001), or to assume a non-constant elasticity of demand (a slightly kinked demand curve),
which makes it easier to loose customers by raising a firm’s price than to gain customers by lowering it,
i.e. the elasticity of demand is falling sharply with a firm’s market share (hence rising sharply in a firm’s price)
see Kimball (1995). Similar effects arise when consumption habits are product-specific. This also leads to
pro-cyclical own price elasticities of demand; see Ravn, Schmitt-Grohé, and Uribe (2005).

5 A similar assumption in a firm-specific capital environment is found in Altig, Christiano, Eichenbaum, and
Linde (2005).
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Keynesian framework with search and matching frictions in the labor market. In my model,
all workers are ez-ante homogenous and only differentiate themselves by being currently (but
not permanently) matched to a specific firm (or are unemployed otherwise). The firm-specific
factor is thus only firm-specific as long as the match is not severed so that there always remains
an outside market value to the worker. Costly search and matching creates a quasi-rent for
existing jobs, which firm and worker distribute by wage bargaining. I assume, realistically, that
hiring and wage negotation take place within the same firms which produce differentiated goods.
The assumption that wage bargaining takes place in the differentiating industry considerably
improves the New Keynesian model in terms of inflation persistence. The current paper thus
highlights that the search and matching model (e.g. Pissarides, 1985) is a natural candidate to
generate real rigidities.

At first glance, this assertion runs counter to the results of Trigari (2006) and Krause and Lubik
(2005) who also introduce search and matching mechanism into the New Keynesian model but
with little effect on inflation inertia. The reasons for the differing results are as follows: In my
model, there is a direct link from the labor market to price-setting at the individual firm level. In
Trigari (2006), in contrast, the labor market matters for inflation only through aggregate states
like labor market tightness.® Closer to my framework are Krause and Lubik (2005), who also
assign price setting and vacancy posting decisions to the same sector. For analytical tractability
they assume, however, that marginal disutility of work is constant.” The current paper, in
contrast, emphasizes that real rigidity arises precisely from the fact that disutility of work is
increasing in work-load. Higher output of a firm then means higher wage demand by its worker
and thus a curbing effect on price changes.

Another feature differentiates this paper from the literature: I derive wage rigidity from a
mechanism in the model, and highlight that rigidity mainly arises as a result of strategic behavior
of firms and workers. The intuition for this is as follows: all else equal an increase in the
negotiated firm-worker-specific hourly wage would lead to an increase of marginal cost at the
firm level and thus to an increase of the product price. With elastic demand for goods the
amount of the good supplied falls. In order to satisfy the now reduced demand, the worker
needs to work less hours. The marginal disutility of work in turn falls which, all else equal,
dampens the worker’s demanded wage per hour.

The resulting smooth hourly wage series implied by the model allows to replicate the fluctuation

of vacancies and unemployment found in US data (cp. Hall, 2005, Shimer, 2005).® A structural

6 Trigari (2006) assumes that there are two sectors in the economy. In her model, a Mortensen and Pissarides
(1994) type labor sector produces an intermediate “labor” input. This is the only input to production of
differentiated goods. The market for “labor” input is competitive. All that matters for the pricing decision in
the differentiation sector is thus the price level for “labor” goods and hence aggregate states. This seems to be
the standard approach in the literature, see e.g. Braun (2005).

7 Their model features endogenous separation. The fact that all firms face the same marginal cost simplifies
their computations considerably.

8 Hagedorn and Manovskii (2005) calibrate the model in Hall (2005) to a low bargaining power of workers. This
also induces unresponsive wages. Jung (2005) illustrates that a key assumption is that the utility difference
between employment and unemployment is small in order to explain the large amplitude of unemployment in
the data. In his framework with capital, however, this does not necessarily require as large a replacement rate
as in Hagedorn and Manovskii.
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VAR analysis illustrates this for a monetary policy shock. Contributing to the work of Shimer
(2004) and Hall (2005), who right-away assume real wage rigidity from the outset, the current
paper provides an economic mechanism which translates minor nominal rigidity into substantial
real wage rigidity. It therefore links the real rigidities debate to labor market fluctuations in that
it provides for sufficient real wage rigidity to match the degree of vacancy fluctuations observed
in the data.’

An interesting third finding of the paper (besides the induction of inflation and wage inertia) is
that it also has implications for single equation estimates of New Keynesian Phillips curves taken
for themselves. The model implies (a) that future inflation in the Phillips curve is more heavily
discounted than by the consumers’ time-discount factor due to the probability of separation of
firm and worker. The model implies (b) the presence of an “employment gap” as an additional
(and usually omitted) regressor. Output and employment are strongly positively correlated in
the data. If the model posited here is the data-generating process omitting the employment gap
is likely to bias implied price-durations inferred from Phillips curve estimates upwards. In turn

this would imply an upward bias for the implied price duration.

The remainder of the paper is structured as follows: the next section lays out the model. Section
3 discusses some of the (linearized) equilibrium conditions. Special emphasis is on the implied
reduced form Phillips curve and the wage equation. Section 4 illustrates that the entire model
can replicate the impulse responses to monetary policy shocks taken from a small structural
vector autoregression for post Volcker disinflation US data. A final section concludes. Some

technical material and a thorough description of the data is deferred to the Appendix.!©

2 The Model

According to Hall (2005) cyclical fluctuations in employment are mainly due to fluctuations
in vacancy posting. I therefore assume a constant separation rate. In each period a constant
fraction, §, of firm-worker relationships splits up for an exogenous reason. The backbone of the
model discussed here is therefore similar to Trigari (2006). As is common in the literature, I
focus on a cashless limit economy; cp. Smets and Wouters (2003) and large parts of Woodford
(2003).

Inflation inertia has been well documented in monetary policy structural vector autoregressions
(SVARs). Section 4 will match the DSGE model’s impulse-responses as closely as possible to the
responses obtained in a monetary SVAR. This exercise is partial in the sense that I abstract from

identifying any aggregate shocks in the economy apart from monetary policy shocks. To ease

 The mechanism stressed in this paper differs from Gertler and Trigari (2005) who use staggered Calvo wage-
setting in a real-business cycle model. Since in their setup, it is not clear how, if wages are left unchanged,
hours are determined, they have to shut-down the intensive margin completely. In my model, the assumption of
wage and pricing setting being conducted in the same sector, leads hours worked to be (demand-)determined.
Also, Gertler and Trigari (2005) seem to lack the amplification mechanism for wage rigidity, which I discussed
above.

10 A technical appendix which derives the model equations in linearized form is available from the author upon
request.
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notational burden, throughout the paper I refrain from mentioning other sources of fluctuations
but for a shock to monetary policy.

There are information lags. When making decisions in period ¢, firms and workers know ev-
erything pertaining to them individually and all period ¢ — 1 shocks. They do not, however,
know the contemporaneous value of the only aggregate shock, the monetary policy shock. The
timing in the model is as follows: firms and workers first observe whether a match is separated
or not. In the Calvo-staggered framework which I apply, they are, next, informed whether they
can update their price and wage. Based on this information but otherwise only information
available in ¢t — 1, worker and firm, respectively, take non-state contingent consumption, price-
and wage-setting and vacancy posting decisions for period ¢. The monetary policy shock mate-
rializes thereafter and the family takes its portfolio (equity) choice with full information. Due
to these information lags on behalf of the private sector, monetary policy innovations have a
contemporaneous bearing only on the monetary policy instrument (the nominal interest rate)

as in Christiano, Eichenbaum, and Evans (2005), and on the share prices of firms.

2.1 Consumers

The model economy is populated by a large number of identical, representative, families with
unit mass. Each family has a continuum of members of two types: unemployed workers with
mass uy and employed workers with mass n; = 1 — us. Each family pools the labor incomes of

their members. The representative family earns real income from the wages of their employed
ne
0

a family obtains income from real unemployment benefits, b, (u:b in total). Families also hold

members, wihidi, where w! is the real wage per hour worked by member 4, hi. In addition,
shares in a mutual fund that redistributes profits in the economy. Individual members of the
representative family, indexed by i € [0, 1], are infinitely lived and seek to maximize expected
lifetime utility by deciding on the level (and intertemporal distribution) of consumption of a
bundle, i, of consumption goods and by deciding on the real expenditure, dt, for riskless one-
period bonds. These decisions are taken before the monetary policy shock becomes known. In
the following, endogenous variables pertaining to individual consumers carry superscript index
i. Endogenous variables pertaining to an individual firm (its product, price or profit) carry

subscript j. Variables without index refer to aggregates.

00 ) . 1—0o
max Et_l{zﬂk{(ct““ i) —g(hi+k>}},ﬁe<o,1>,a>o. )

{cidi} k=0 7
Here ¢, is the aggregate level of consumption in period ¢ —1. I assume that an individual family
member’s consumption is subject to external habit persistence, indexed by parameter g € [0, 1).
As in Abel (1990) households therefore are concerned with “catching up with the Joneses”.
Family members pool their income — there is thus perfect consumption risk sharing. I assume

that family takes the labor supply decision for its members in order to prevent free-riding.'!

1 This assumption and the pooling assumption follow den Haan, Ramey, and Watson (2000). Both assumptions
are standard in the literature, see e.g. Braun (2005), Trigari (2006).
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The family member’s budget constraint is given by:
e di_, e S
ush + / wzhidz + T_ Ri_1+ / wjﬂjdj = C;Lg + di + t: + ViRt (2)
0 t 0

Here R; denotes the nominal gross return on the risk-free bond from ¢ to ¢ + 1 and Il; is the
gross inflation rate. In period ¢, a measure of n; one-worker firms produce goods. ny € (0,1)
thus also is the level of employment in ¢. Firm j of these makes real profit 1;;, total profits
accruing to the consumer are font Yj¢dj. The consumer pays lump-sum taxes t;. v; are the
number of vacancies, k; are real costs of posting a vacancy. Vacancy posting costs are assumed
to be lump-sum “tax costs”. They thus enter the consumers’s budget constraint but not the
aggregate ressource constraint.

A total mass of n; varieties y;+, j € [0,n], of wholesale goods is produced in a given period.
Let c;'.’t be the amount of each of these goods consumed by family member . The final bundle

of consumption goods consumed by family member 4, ¢, is “produced” according to

d=n [1 [ @™ dy} - 3)
A ot )

where € > 1 denotes the own-price elasticity of demand. By assumption therefore, more product

diversity leads to more output in terms of the consumption basket, i.e. consumers value product

diversity.'?> Due to consumption insurance and separability of consumption and leisure in the

utility function, all households in equilibrium will have the same consumption levels of each

good. I therefore suppress index ¢ in the following. The cost-minimizing demand for wholesale

P\ .
= () )

where yf* marks average output of the consumption basket per employed worker, yf = nitct. The

goods of type j is

aggregate price index for the consumption basket, P;, is given by

R =
P [ et (5)

The first-order conditions for consumption versus saving (taken subject to a no-Ponzi condition)

can be summarized by the Euler equation

R

Ei 1 {\} = BEi {/\t+1H : } ; (6)
t+1

where \; = (¢; — 0¢—1)”7 marks marginal utility of consumption, and by the transversality

condition

Slggo Ei 1 {B°Nysdigs} <0. (7)

12 The results of this paper regarding real price and wage rigidity would equally well be obtained when the final
consumption good work homogenous of degree zero in degree of product variety. Only the final result of this
paper, that inflation in the Phillips curve may be driven also by an employment gap hinges on this assumption.
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Completing the description of preferences, disutility of work is characterized by

A (h%)l-i-(ﬁ
hi Kp——"—, ¢ >0, rkp > 0. 8
o(0]) = rn o 6> 0, )
Here £, denotes a scaling parameter for the disutility of work. Importantly for the argument
below, the marginal disutility of work, 6%(:10, is increasing in individual hours worked, h%. It
t

is this fact which leads a worker to seek increasing compensation per hour at the margin. For
a firm this means that marginal costs increase in the production level which in turn induces
them to adjust prices by less than in the standard New Keynesian model. Also this leads to less

volatile negotiated wages.

2.2 Production

The existing macro-labor market literature assumes that firms which are free to set their price
face marginal costs which are independent of own decisions; e.g. Krause and Lubik (2005) di-
rectly assume that marginal disutility of work is constant, and Trigari (2006), Braun (2005)
and Christoffel, Kuester, and Linzert (2006) assume that labor is used only as an input into
an intermediate good. This in turn is sold to a differentiating sector in perfectly competitive
markets. The contribution of the current paper is to integrate the labor market activity into the
price setting sector and allow for firmspecific marginal costs. This brings about the real rigidity
which induces both rigid prices and wages.

Firms which have a worker produce differentiated goods which they sell under monopolistic
competition. They are subjected to time-dependent price (and wage) setting impediments a la
Calvo (1983) and Yun (1996).'3 Firms and workers, if they are allowed to update, decide jointly
how to split the rents of their employment relationship. Hours worked have a first-order effect
on individual utility. In this model, they are demand-driven and thus depend directly on the
firm’s sales price. I therefore assume that a firm and a worker not only decide about the nominal
hourly wage rate, W;;, but that they simultaneously also agree on the product price, P;;. This
is a reasonable assumption in the current framework since the price determines hours worked via
the firm’s demand function. A simplifying assumption is that wages and prices have the same

duration: whenever a firm can reset its price it can renegotiate its wage rate and vice versa.'*

13 Klenow and Kryvtsov (2005) summarize that individual price data obtained from the US Bureau of Labor
Statistics reveal that (a) price changes are largely non-synchronized, (b) variation in the magnitude of price
changes contributes much more to the variation in aggregate inflation (90+%) than variation in the number
of price changes and (c) the size of absolute price changes is large, over 8%. Overall they conclude that the
Dotsey, King, and Wolman (1999) state-dependent pricing model, once calibrated to match the micro-price
data, very much resembles the Calvo-model in so far as pricing behavior is concerned. Modeling pricing as
time-dependent may thus not be an overly stringent assumption.

4 This assumption may not be restrictive: In their benchmark version estimated on aggregate US data, Chris-

tiano, Eichenbaum, and Evans (2005) find that prices and wages roughly have the same duration, 2.5 and
2.8 quarters, respectively. In a survey, Taylor (1999) argues that wages are typically adjusted once per year.
Based on micro-level data on wages per hour, Gottschalk (2005) concludes similarly. Yet this evidence applies
mainly to base pay. Other wage components like bonuses or perks will adjust much more frequently.
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2.2.1 Firms

There is an infinite number of potential one-worker firms. These may post vacancies. Once
having recruited a worker, they produce a differentiated good and engage in wage bargaining. 1

describe each decision in turn.

Vacancy Posting. Firms without a worker have to incur a real vacancy posting cost, x; > 0, in
order to stand a chance of recruiting a worker.!> V; is the market value of a prototypical firm that
posts a vacancy in period t. Jy(Pj;, Wj;) is the real value of a wholesale firm in period ¢ that has
a worker, charges P;; for its good and pays a nominal wage W ; for each hour worked. Due to
nominal rigidities, in each period workers and firms can renegotiate prices and wages only with
probability 1 — . Otherwise they partially update (but do not reoptimize) their price and wage
by the realized gross inflation rate (II*, and II}“,, respectively, v,,7w € [0,1]). The partial
updating follows Smets and Wouters (2003). For analytical tractability, I keep the heterogeneity
to a minimum.

Firms which just found a worker, i.e. entered the market, have the same price and wage setting
pattern as existing firm-worker relationships.'® They can choose their optimal price, P, and
their optimal wage rate, W/, (both to be defined below) with probability 1 — ¢. With proba-
bility ¢, however, they have to set previous period’s average price and wage (suitably indexed).
Intuitively this captures the notion that a share of firms which just set up their business is
so busy with getting in place their business proper, like setting up a distribution channel or
administrative tasks, they they take the prevailing prices and wages in their neighborhood as a
first approximation. Only later on, when time permits, will they engage in re-optimizing their
price and wage. A firm which posts a vacancy finds a new employee with probability ¢;. With
probability § this new match is severed for an exogenous reason prior to production in ¢. Firms
which loose their worker cease to exist and are therefore worthless. As of period t, the value of

a firm which opens a vacancy consequently is given by

Vi = =k + (1 = 0) By { Bt [p et (BILY WA IL) 4+ (1 = ) e (P, Wi )]} (9)

Here B¢ 441 1= ﬁ)‘xl is the equilibrium pricing kernel. Due to information lags, vacancies need
to be posted a period in advance, i.e. on the basis of ¢ — 1 information. There is free entry
into production apart from the sunk vacancy posting cost. This drives the expected value of a

vacancy to zero in equilibrium: E;_1 {V;} = 0.

15 In priciple, the model allows for fluctuations in real vacancy posting costs, e.g. since there are vacancy adjust-
ment costs as in Braun (2005) or because vacancy costs are posted in nominal terms. The empirical exercise
in Section 4 shows that constant real vacancy posting costs, i.e. kx = k Vt, are, however, sufficient to fit the
vacancy series.

16 Ty achieve sufficient fluctuation in vacancies, real wages of newly formed matches must be sticky in order to

induce sufficient fluctuation in vacancies and unemployment (see Shimer, 2004). This is a by-product achieved
by my formulation. Note that the real rigidities mechanism employed in the current paper features spill-overs
from existing prices and wages to newly set ones. The curbing effect on newly set prices and wages would thus
presumably also remain present if all entering firms were to optimize their price and wage in their first period
of production.
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Production. Each firm has the same constant returns to scale production technology

z marks the economy-wide level of labor productivity.
A firm in production makes a real profit ; in period ¢, which depends on the wage rate paid to

its employee and the price charged for its product:

Pi+ Wit

Vi (P, W) = P, Vit~ ?hj,t- (11)

With probability 1 — § the current match will not be severed at the beginning of next period.
Conditional on “surviving”, with probability ¢ the firm has to retain its current price and wage.
With probability 1 — ¢, however, it can set the new optimal price-wage pair, P, W/, ;. Hence

the value of, say, firm j of the n; firms which produce in ¢ is

Jie (P, Wit) = u(Pjs, Wiie)

+(1 = 8)Ey { Bt [@Jig1 (PiddL)” W II™) + (1 — @) Jea (Pry, W)}
(12)

Matching. A constant-returns-to-scale matching function links new matches, m;, to unemploy-

ment, u;, and vacancies, v;:
my = omudv =%, o >0, a € [0,1]. (13)

om governs the rate at which new matches arrive, the efficiency of matching. « governs the rel-
ative weight which the pool of searching workers and firms, respectively, receive in the matching
process. Labor market tightness from the firm’s point of view is measured by 60; := v;/u;. The
probability that a vacant job will be filled is ¢ = my/v¢. The probability that an unemployed
worker finds employment is s; = my/u;. Workers which coming from unemployment are matched
to a firm during ¢ do not take up productive work until period ¢ + 1. New matches can also be

separated prior to production. Employment thus evolves according to
ng = (1 — (5)(7%_1 + mt_l). (14)

Unemployment is given by
Ut = 1-— Ng. (15)

Worker Surplus. As noted earlier, unemployed workers receive real unemployment benefits b.

The worker’s surplus from being in employment, i.e. the increase of family welfare through an
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additional family member in employment in t is Ay(Pjs, Wjs) := Ty (Pje, Wiit) — U..17 Hence

Ar(Pje, Wie) = Wi +(Pjy) — M—b

P, N
+ (1= 0)pEi—1 { B 1 (Apg1 (P IL)” Wy ™) — Afy )} (16)

— (1= 0)psiEr—1 { Brat1 (Apa (PIL” WIL) — Afy) }
+(1=08)(1 = st)Bro1 {Bre+18i11}

where Afy = A1 (BPryy, Wiyy)-
Intuitively, this expression can be split in two parts: An employed worker receives his real wage

g(h 7 t) , where \; is the marginal utility of consumption. Next

bill and suffers disutility of work,
period the worker remains employed with probability 1 — § or will be unemployed otherwise
(0). Based on the family’s and worker’s information when prices and wages are set, the value of
employment to the family, I';(-), of an employed worker matched to a firm with price P;; and

wage rate W;; is

Wit g (ht(Pjt))

ht( t) — N

(1 — 8)pEr—1 { Brara Dot (P ILP, Wi A1) } (17)
+(1=06)(1 = ) Er1 { Brara Do (P, W) }
+ 0E 1 {Brt+1Us41} -

Ft (Pj,t, Wj,t)

Note that the value of employment next period again depends on the price-wage stickiness.

Similarly the value of a worker who is unemployed during ¢ is

U= b
+ 5¢(1 = 8)pEe—1 { B Dot (PIL”  WIT™) }
+ 5¢(1 = 0)(1 — @) Br1 { B Do (P, Wi }
+ (1 —s:+50)Ei—1 {Brs+1Ui41} -

(18)

Bargaining. Firm-worker pairs which are allowed to update their price and wage face the
problem of maximizing expected joint surplus by choosing the sales price and by simultaneously
negotiating the nominal wage rate on the basis of t — 1 information. While wages and prices
may be fixed, hours worked can freely adjust to satisfy demand. I stick to the Nash-bargaining
assumption: Firms and workers solve

) .7 ) A
WIjI,lt?l)D(j,t Ei {[At(Pj,ta Wil [Je(Pjg, Wit } ) (19)

where 7 € (0, 1) is the worker’s bargaining power.

17 This can be derived from first principles by assuming that workers value their labor-market actions in terms
of the contribution these actions give to the utility of the family to which they belong and with which they
pool their income; see Trigari (2006).
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When bargaining, the firm and the worker need to take into account the effect which their
decision today continues to have for all periods in which they may have to keep prices and wages
fixed. Let P;" and W;* denote the optimal price and wage, respectively. Define J; := J, (P, W).

The first-order condition for price setting is

> OAL(Pj¢, Wijy)
t—1 apj,t

ol 0Ji(Pi s, W)
A¥N 1yxl-n | _ _FE, t\L g6, YV g,
*77 ! Jt } ! 1{ 8Pj,t

where |, means that the expression is evaluated at the optimal reset-price, P/, and the reset-

(a- n)Ar"J:”}, (20)

*

wage, W;*. The first-order condition for optimal wage setting is

OA( Py, Wiy) 1 el } {8Jt(P‘t Wit)
E, TN T O AU ol I S AT gt TR )
t—1 { oW, nay t t—1 oW, 1

(a- n)AZ‘”J?_”}- (21)

* *

The fact that wages and prices are always set at the same time simplifies the derivation of a
linearized version of the model since it keeps heterogeneity among firms and workers, respectively,

within manageable bounds.

2.3 Government

The model is closed by a standard Taylor rule for the nominal interest rate and by a rule for

Ricardian fiscal policy.

2.3.1 Monetary Policy

The monetary authority is assumed to control the nominal one-period risk-free interest rate, R;.
In the following, hats over variables denote percentage deviations of these variables from steady
state. The empirical literature (see, e.g. Clarida, Gali, and Gertler, 2000) finds that simple

linearized Taylor-type rules of the form

ﬁt = pmﬁtfl + (1 - Pm)'VTrEtﬁg+3 + /e\tmoney (22)

quantitatively are a good representation of monetary policy. Here p,, € [0,1), v > 1 and ¢ "

is an iid monetary shock. The use of specific inflation rate concept differs in these rules. I assume
that the policymaker targets average annual inflation, 7, 5 := % (T + Teq1 + Teq2 + Teg3) - This
specification of the rule is chosen on empirical grounds: feedback to average inflation helps to

obtain reasonable estimates for the coefficient 7.

18 Such a policy rule can be rationalized by the following rule in levels:

T 1— H?+3 (1=pm )y mone
Rt = (H/ﬂ) meszlEt ( ﬁ ) €t ‘y.

(23)

Here II is the target for the quarterly gross inflation rate in steady state (which equals steady state inflation).
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2.3.2 Fiscal Policy

I assume that fiscal policy is globally and locally Ricardian. The government does not engage
in any government spending. It redistributes revenue from debt issues and vacancy posting
“taxes” to the private agents via lump-sum transfers (—t;) and unemployment benefits. The

government’s budget constraint is:
di—1 B
Utb + TRt_l = Clt + tt + V¢Rg. (24)
t

Since the path of debt is not the focus of the current paper, an arbitrary debt-stabilizing rule
which ensures that the government is passive in the sense of Leeper (1991) can be used to close
the government sector. Without loss of generality, I assume that lump-sum taxes adjust so as

to ensure a balanced budget in each period, d; = 0 for all t.

2.4 Market Clearing

Goods market clearing requires

1 Nt e—1 . é
Cr = My |:nt/0 Yit dj} ; (25)

. —€
where y;; = (%) y¢ = zh;;. In addition, bonds need to be in zero net supply.

3 Wage and Price Stickiness

The New-Keynesian labor-market literature so far assumes that marginal costs in the price
setting sector are independent of an individual firm’s production level. Krause and Lubik (2005)
implement this by means of a constant marginal disutility of work of the firm’s employees.
Trigari (2006) separates wage bargaining from price setting altogether by means of a two-sector
structure. I call her framework the “benchmark” modeling strategy since it is employed in other
studies as well (see e.g. Braun, 2005 and Christoffel and Linzert, 2005).

The contribution of the current paper is to bring to the forefront that labor in the bargaining
world is firm-specific. In the model the price-setting sector is merged with the wage-bargaining
sector. In addition, workers have an increasing marginal disutility of work. This modification
leads to both an increase in price rigidity and an increase in wage rigidity compared to the
standard model. Both price and wage rigidity will be the more pronounced, the more elastic
demand is and the more convex is the disutility of work. The degree of observed real wage
rigidity in my model therefore intensifies when the degree of strategic complementarity in price-
setting increases. This amplification mechanism is absent in other bargaining models with sticky
wages, e.g. in Gertler and Trigari (2005). The current section highlights these results by closely
examining the Phillips curve and the wage equation after having linearized around the zero-
inflation steady state laid out in Appendix A.

Let 7; be the log deviation of the gross inflation rate from its steady state. The Phillips curve
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can be written as:

_ _ ki . l-pl-fp~
= p o Mp—1 + uEt—17Tt+1+J SOV ts (26)
1+, 1+ Y 140
where
~ 1 _
= 7S¢.
t 1+¢6m St

Here ﬁv := B(1 — §) and mrs; is the average marginal rate of substitution between leisure and
consumption of employed workers.

Define the natural rate of average output under flexible prices as y;"" and the natural marginal
utility of consumption under flexible prices as A\}'. With these definitions, the term Kt in Phillips

curve (26) can be written as:

R=—{o@-5m - G-} (27)

The marginal utility of consumption, Xt, in turn depends on consumption per capita (employed
plus unemployed workers), ¢;. In equilibrium this equals total output, 7 — and not only on
output per employee, ¥y (compare page 11). This means that once substituting for marginal

utility of consumption, an employment gap enters the Phillips curve:

~ 1 - PN o . .
A= o[ — v — (e —np)] + U =08 — 0 (-1 — U1) ]
14 ¢e 1—0p (28)
1 N o
- {ewr a2 - e |

The Phillips curve has the same structure as in Woodford (2003, p. 187) and Boivin and Giannoni
(2005) except for the employment gap.'® The matching model naturally lends itself to an increase
in the strategic complementarity of price-setting decisions due to temporarily firm-specific labor.
The plain Calvo-type New Keynesian Phillips curve (e.g. Gali and Gertler, 1999) is obtained
as a special case of (26) and (28) when ¢ = 0 and 6 = 0. Parameter ¢ governs the curvature
of the disutility of work, see equation (8). When ¢ = 0, disutility of work is linear in hours
worked. The marginal disutility of work, as in Krause and Lubik (2005), then is constant and
the firm’s unit wage costs do not increase in its own production level. Consequently, the strategic
complementarity channel by which wage increases limit the incentives to cut prices is absent if
¢ =0.

Parameter § stands for the probability that a match is separated prior to production in which
case a firm ceases to exist. The probability of separation leads firms to implicitly discount the

future more intensively than consumers owing to the firms’ lower survival probability.2°

19 The presence of the employment gap originates from the assumption that consumers explicitly value product
diversity, cp. equation (3). The remaining findings of the paper do in no way rest on this assumption.

20 Indeed, estimates of new Keynesian Phillips curves for the US and other economies consistently find reduced
form discount factors significantly well below standard calibrations (of 0.99 on a quarterly basis, say), see
e.g. Gali and Gertler (1999), Gali, Gertler, and Lépez-Salido (2001) and Gagnon and Khan (2005). The
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It is reasonable to assume a curved disutility of work, ¢ € [1,10] say, identified on the basis
of low Frisch elasticities, and a not too small interest elasticity of demand, %. In addition, a

value of € = 5 seems a lower bound for the price elasticities found in the literature.?! In this

1%
1+¢eg
in price setting relative to the “benchmark model”, exactly as in Woodford (2003, Chapter

case the factor is smaller than unity, reflecting an increase in strategic complementarity
3). The degree of strategic complementarity rises as the elasticity of demand increases which
substantially dampens the effect of aggregate shocks on inflation. Similar multiplicative factors,
albeit clearly with other parametric forms, are found also in the remaining real rigidities literature
(see e.g. Eichenbaum and Fisher, 2004).

Altig, Christiano, Eichenbaum, and Linde (2005) find that, in reduced form, their model with
firm-specific capital is observationally equivalent to the same model with perfectly competitive
factor markets. From an econometric point of view, these two models are therefore not iden-
tifiable from macro-data alone. An advantage of the setup in the current paper is that the
factors driving the degree of strategic complementarity in price-setting do not only appear in
the Phillips curve but also elsewhere in the model. Most notably the elasticity of demand, €, and
the curvature of the disutility of work, ¢, also figures in the wage equation, and the risk aversion
and habit persistence parameters, o and p, are prominent in the IS equation (the consumption
Euler equation). Cross-equation restrictions therefore identify these parameters.

Recalling that

Rim kg fom-aen s 1 ).
a novel feature in this paper is that an “employment gap” enters as an additional explanatory
variable for inflation in the Phillips curve. Since output is positively correlated with employment
in the data, according to this model even reduced form estimates of the slope of the Phillips
curve, when they omit the employment gap, may be biased downwards (implying price durations
which are biased upwards).??

In the model, two further optimality conditions are altered relative to the benchmark in Trigari
(2006). Vacancy posting is affected by the gap between the optimal wage and the average wage
rate.?3 As emphasized earlier, an increase in strategic complementarity in price-setting has a
bearing on the law of motion for aggregate wages, too. Merging the price-setting and wage
bargaining sectors induces real wage rigidity over and above the nominal rigidity which exists
by assumption.

This contrasts with both Krause and Lubik (2005) and Trigari (2006) find that Mortensen and
Pissarides (1994) type matching frictions add little real rigidity to the New Keynesian model.

current model provides a reason for this: as the separation rate, ¢, increases so does the “excess discounting”.

21 Usually, the elasticity of demand, e is calibrated to be much larger than 5. Woodford (2003) uses a value of
7.6, Altig, Christiano, Eichenbaum, and Linde (2005) use a value of 101.

22 Galf and Gertler (1999) find that using conventional output gap measures, the slope of the Phillips curve is
negative, implying ¢ > 1, which violates the constraint imposed by theory. Whether the bias by omitting the
employment gap is so severe, that the inclusion of the employment gap solves this problem, is an issue for
future research.
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This is due to the separation of sectors in Trigari and the linearity of disutility of work in Krause
and Lubik. The advantage of my formulation of the model is that it links the real rigidities de-
bate to labor-market fluctuations. The next paragraph higlights the cross-equation restrictions
that arise.

In general, the wage equation looks somewhat inaccessible. Intuition can be gained by restrict-
ing the analysis to the case where the real hourly wage equals the workers’ marginal rate of
substitution in steady state, “w = mrs”.?* The linearized aggregate real wage index, Wy, evolves
according to

N 1 N - ~ N ~ ~
wy = OTIEtA {042 (wt—l — Ty + 'Ywﬂ'tfl) + a3(wt+1 + 41 — 'Ywﬂ't)}

1 - ) (30)
+ oTlEt_l {a4 (975 + /I%t) —asA + @\g} .

25 The qualitative features of wage equation (30) are

All the coefficients are strictly positive.
similar to the benchmark model: real wages increase in output per worker, y,*, and vacancy
posting costs, k;. Real wages also rise in consumption per capita (i.e. they fall with the marginal
utility of consumption, /):t) Furthermore, real wages increase in market tightness, 5