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Federico Ravenna and Carl E. Walsh*

June 16, 2007

Abstract

The canonical new Keynesian Phillips Curve has become a standard component
of models designed for monetary policy analysis. However, in the basic new Keyne-
sian model, there is no unemployment, all variation in labor input occurs along the
intensive hours margin, and the driving variable for inflation depends on workers’
marginal rates of substitution between leisure and consumption. In this paper, we
incorporate a theory of unemployment into the new Keynesian theory of inflation
and empirically test its implications for inflation dynamics. We show how a tradi-
tional Phillips curve linking inflation and unemployment can be derived and how the
elasticity of inflation with respect to unemployment depends on structural character-
istics of the labor market such as the matching technology that pairs vacancies with
unemployed workers. We estimate on US data the Phillips curve generated by the

model, and derive the implied marginal cost measure driving inflation dynamics.

JEL: E52, E58, J64

1 Introduction

The canonical new Keynesian Phillips curve has become a standard component of models
designed for monetary policy analysis. Based on the presence of monopolistic competition
among individual firms, together with the imposition of stagged price setting, the new
Keynesian Phillips curve provides a direct link between the underlying structural para-
meters characterizing the preferences of individual suppliers of labor and the parameters
appearing in the Phillips curve.

However, in the basic new Keynesian model, all variation in labor input occurs along

the intensive hours margin. In the standard sticky price, flexible wage model, the real
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wage and the marginal rate of substitution between leisure and consumption move to-
gether so that, at all points in time, households are supplying the amount of hours that
maximize their utility, given the real wage. There are no unemployed workers; only hours
worked per worker vary over the business cycle. As a consequence, the driving vari-
able for inflation depends on workers’ marginal rates of substitution between leisure and
consumption. In its neglect of unemployment, the new Keynesian Phillips curve has a
distinctly non-Keynesian flavor.

In contrast to this standard view of labor input, empirical evidence suggests that, at
business cycle frequencies, most variation of labor input occurs at the extensive margin.
In periods of below trend output, employed workers work fewer hours, but also fewer
workers are employed. During periods of above trend output, employed workers work
longer hours but also more workers are employed. These fluctuations in the fraction of
workers actually employed reflect fluctuations in unemployment.

A growing number of papers have attempted to incorporate the extensive margin
and unemployment into new Keynesian models. Examples include Walsh (2003, 2005),
Alexopoulos (2004), Trigari (2004), Christoffel, Kuester, and Linzert (2006), Blanchard
and Gali (2005, 2006), Krause and Lubik (2005), Barnichon (2006), Thomas (2006), and
Gertler and Trigari (2006). The focus of these earlier contributions has extended from
exploring the implications for macro dynamics in calibrated models to the estimation of
DSGE models with labor market frictions.

In contrast to this earlier literature, we focus directly on the implications of the labor
market specification for the Phillips curve and the connection between the structure of
the labor market and the unemployment elasticity of inflation, and provide empirical
testing of the model.

To draw a clear distinction with the previous literature, the basic version of our model
allows labor to adjust only along the extensive margin. Standard models allow adjust-
ment only along the intensive margin. Trigari (2004) and Thomas (2006) incorporate
both margins, but marginal cost (and so inflation) is driven by the intensive margin.
Consequently, the marginal rate of substitution between leisure hours and consumption
is key, just as in standard new Keynesian models. Krause and Lubik depart from the
Calvo model of price adjustment by assuming quadratic adjustment costs. In this case,
all firms adjust each period, an implication that is not consistent with micro evidence
on price adjustment. They also assume output adjustment occurs via fluctuations in the
endogenous job destruction rate, which is not consistent with Hall’s contention that this
rate is roughly constant over the cycle. We retain the standard Calvo model of price
adjustment and treat job destruction as exogenous.

Our empirical strategy lets us test equilibrium conditions that are consistent with a
very large family of models incorporating labor market search frictions. While the most

recent vintage of US data rejects the new Keynesian Phillips curve as a stable structural



relationship, we show that the search-friction Phillips curve can potentially reconcile the
new Keynesian model of inflation with the data. Our model predicts that the measure
of marginal cost that drives inflation can be written in terms of labor market variables,
as in the Keynesian tradition. We see this paper as providing a link between the much
older literature on Phillips curves which related unemployment and inflation (e.g., Gordon
1976) and the modern approach based on dynamic stochastic general equilibrium models.
The older literature investigated the connection between unemployment and inflation
from an empirical perspective with little formal theory to link the two.

The rest of the paper is organizes as follows. The basic model is developed in section
2. A log-linearized version of the model is derived and the connections between labor
market structure and the Phillip curve are discussed. Empirical estimates of the inflation
equation in the presence of labor market frictions are provided in section 3. Conclusions

are summarized in section 4.

2 The model economy

The model consists of households whose utility depends on the consumption of market
and home produced goods. Households members are either employed (in a match) or
searching for a new match. This means that we do not focus on labor force participation
decisions. Households are employed by wholesale goods producing firms operating in a
competitive market for the goods they produce. Wholesale goods are, in turn, purchased
by retail firms who sell to households. The retail goods market is characterized by mo-
nopolistic competition. In addition, retail firms have sticky prices that adjust according
to a standard Calvo specification. The modelling strategy of locating labor market fric-
tions in the wholesale sector where prices are flexible and locating sticky prices in the
retail sector among firms who do not employ labor provides a convenient separation of
the two frictions in the model. A similar approach was adopted in Walsh (2003, 2005),
Trigari (2005), and Thomas (2006).

While we incorporate adjustment along both the intensive and extensive margin in
the empirical model, we focus the theoretical discussion on a version containing only an

extensive margin. This helps to isolate the role of unemployment fluctuations on inflation.

2.1 Households

Workers can be either employed by wholesale firms in production activities, receiving a
market real wage wy, or unemployed, earning a fixed amount w* of household production
units. We assume that consumption risks are fully pooled; the consumption level of each
worker would otherwise depend on its complete employment history. The optimality

conditions for workers can be derived from the utility maximization problem of a large



representative household with value function

Wi(N¢, By) = max {U(Ct) + BEWi11(Neg1, Beg1)}
st PCy+pyuBiy1 = PlwNy +w"(1 — Ny)| + By + PII (1)

where C; is consumption of each household’s member, N, is the fraction of the household’s
members currently employed, II} are profits from the retail sector, and B; is the amount
of riskless nominal bonds held by the household with price equal to py:. The price of a
unit of the consumption basket is P; and is defined below. Consumption of market goods
supplied by the retail sector is equal to CJ* = Cy — (1 — Ny)w™.

Consumption C}" is an aggregate of goods purchased from the continuum of retail
firms which produce differentiated final goods. The household preferences over the indi-
vidual final goods from firm j, C(j), are defined by the standard Dixit-Stiglitz aggregator,
so that

1
Em = /0 PG)CP(G)dj = PO}

orey = |22 e

P = [/Ola(j)“r,

where B} is total expenditure by the household on consumption good purchases.

The intertemporal first order conditions yield the standard Euler equation:

At = BEH{ RiAiy1},

where R; is the gross return on an asset paying one unit of consumption aggregate in any
state of the world and A; is the marginal utility of consumption.

At the start of each period t, N;_1 workers are matched in existing jobs. We assume a
fraction p (0 < p < 1) of these matches exogenously terminate. To simplify the analysis,
we ignore any endogenous separation.! The fraction of the household members who are

employed evolves according to
Ni = (1= p)Ni—1 + pese
where p; is the probability of a worker finding a position and

st=1—(1—p)Ne 3)

'Hall (2005) has argued that the separation rate varies little over the business cycle, although part
of the literature disputes this position (see Davis, Haltiwanger and Schuh, 1996). For a model with
endogenous separation and sticky prices, see Walsh (2003).




is the fraction of searching workers. Thus, we assume workers displaced at the start of
period t have a probability p; of finding a new job within the period (we think of a quarter
as the time period). Note that unemployment as measured after period ¢ hiring is equal
tou =1— Ng.

2.2 Wholesale firms and wages

Production by wholesale firm i is
Y,

)

v = Zi Ny, (4)

where Z; is a common, aggregate productivity disturbance with a mean equal to 1 and
bounded below by zero. Aggregating (4), Y;* = Z;N;.

Wholesale firms must post vacancies to obtain new employees. They lose existing
employees at the rate p. To post a vacancy, a wholesale firms must pay a cost P;x for
each job posting. Since job postings are homogenous with final goods, effectively whole-
sale firms solve a static problem symmetric to the household’s one: they buy individual
final goods wv¢(j) from each j final-goods-producing retail firm so as to minimize total

expenditure, given that the production function of a unit of final good aggregate v; is

1 e—1 ﬁ
[/ v (j) = dz} > .
0

Therefore, total expenditures £ on job postings and the demand by wholesale firms for

given by

the final goods produced by retail firm j are given by

1
B = o« / Py(j)ue(j)dj = xProy
0

ut) = |2

where, as before, P, = [fo )= 5} =

Total expenditure on final goods by households and wholesale firms is

E, = E{”+E;v

1
- Pt YO () + s / P(jyu)dj

—/Pth

= Ct + K/Ut)

where Y;4(j) = CI"(4) + wvi(j) is total demand for final good j.



The number of workers available for production at firm ¢ is given by
Nit = (1 — p)Nit—1 + virq(0y),

where v is the number of vacancies the firm posts and ¢(6¢) is the probability of filling
a vacancy. We assume the matching function displays constant returns to scale in vacan-
cies and searching workers, so the probability ¢ is a function of aggregate labor market
tightness 0, equal to the ratio of aggregate vacancies v; and the aggregate number of
workers searching for a job s; (0; = vi/s;). At the aggregate level, workers available for

production in period ¢ equal
Ny = (1= p)Ni—1 +vq(6;) (6)

Wholesale firms sell their output in a competitive market at the price P. The real
value of the firm’s output, expressed in terms of time ¢ consumption goods, is P*Y;; /P, =
Yie/py, where p, = P,/ P is the markup of retail over wholesale prices.

Let II;; denote firm ¢’s period ¢ profit. The wholesale firm’s problem is to maximize

o i At
EtZﬁj< N >Hit+j7

7=0

1

Wity = Mt+z’Yit+j — KVt4j — Wit Nit4;

where

and the maximization is subject to (4) and (6) and is with respect to Y, Ny, and vj.

Let ¢ and ¢ be the Lagrangian multipliers on (4) and (6). Then the first order conditions
for the firm’s problem are
For Yy’ ;" =1y =0

For vy: — Kk —¢;q(0;) =0

_ A
For N pi; ' Zy — wy + @ — B(1 — p) Ey (3\_?) ©ity1 =0

The first two of these conditions imply

Yy =Py = <i> for all ¢
Hy

and

Y = ——"_forall t.

Q(Qt)

Thus, reflecting the competitive market for the output of wholesale firms, each such firm

charges the same price and the shadow price of a filled job is equal across firms.



Using these results in the last first order condition yields

K Zt )\t 1 R
a0 AL =P B ( ):fr ) q(0141) @)

We can rewrite this equation as

Zt K )\t+1> K
_ 2 B 81— p)E, 2L
RTRTTN) L= p)E ( At ) q(0e41)

The real wage is equal to the marginal product of labor Z;/u,, minus the expected cost
of hiring the matched worker x/q(0;) (a vacancy is matched with probability ¢(6;), so the
number of vacancies to be posted such that expected hires equals one is 1/¢(6;), each of
which costs k), plus the expected saving the following period of not having to generate
a new match, all expressed in units of the final good. Note that if x = 0, this yields the
standard result that w; = Z;/p,.

The value of a filled job is equal to x/q(6;). To see this, let V;V and V,’ be the value
to the firm of an unfilled vacancy and a filled job respectively. Then

A
VY = et a0V + [ 0] B (5 ) Vs

Free entry implies that Viv =0, so

2.2.1 Wages

Assume the wage is set in Nash bargaining with the worker’s share equal to b. Let V,°
be the surplus to the worker of being matched to a firm relative to not being in a match.

Then the outcome of the wage bargain ensures

1-b)V =bV/ = (9)

q(0r)’
where the job posting condition (8) has been used. Since the probability of a searching
worker being employed is p, = M;/s; = 0:q(0;) where M, is the number of new employer-

worker matches formed in ¢, the value of the match to the worker can be rewritten as

At41
At

VS ==+ 501~ ) B () 1 a0 Vs (10)

The term [1 — 6;41q(0;+1)] arises since workers who are in a match at time ¢ but who do

not survive the exogenous separation hazard at ¢+ 1 may find a new match during ¢+ 1.2

2See the appendix for details.



Using (10) in (9),

bk
q(6:) q(041) '

Solving for the wage and substituting the result into (7), one obtains an expression for

(1) (wp — ") + B(1— p)E, (AA—+) 1~ 0010(000)

the real wage:

Hy At

Substituting (11) into (7), one finds that the relative price of wholesale goods in terms

of retail goods is equal to

Pf_1 _ 7
A (12)
where
o 1 K At41 K
T =w" + <1——b) {W - B —p)Ey <)\—t> [1—b0;11q(041)] m} (13)

summarizes the impact of labor market conditions on the relative price variable.

It is useful to contrast expression (12) with the corresponding expression arising in
a new Keynesian model with a Walrasian labor market. The marginal cost faced by a
retail firm is P*/P;. In a standard new Keynesian model with sticky prices, marginal
cost is proportional to the ratio of the marginal rate of substitution between leisure
and consumption (equal to the real wage) and the marginal product of labor. Since
the marginal product of labor is equal to Z;, (12) shows how, in a search model of the
labor market, the marginal rate of substitution is replaced by a labor-cost expression that
depends on the worker’s outside productivity, w", and current and expected future labor
market conditions via 0; and 6,1. If vacancies could be posted costlessly (k = 0), then
7+ = w" as firms only need to pay workers a wage equal to worker’s outside opportunity.
When x > 0, matches have an asset value and the wage will exceed w". The wage, and

therefore marginal cost, varies with labor market tightness.

2.3 Retalil firms

Each retail firm purchases wholesale output which it converts into a differentiated final
good sold to households and wholesale firms. The retail firms cost minimization problem
implies

MCP = PLMC; = PP

where M C™ is nominal marginal cost and MC' is real marginal cost.
Retail firms adjust prices according to the Calvo updating model. Each period a

firm can adjust its price with probability 1 — w. Since all firms that adjust their price



are identical, they all set the same price. Given MC}, the retail firm chooses P;(j) to

maximize
= i M\ Pe(j) — MCY, .
Z(wﬁ) Et |:( ;—‘r) t( )P : t+ZYVt+i(]):|
i—0 t t+1
subject to
. . P °
Viuli) = vk = | 22| v, (1)
t+1

where V¢ = % is aggregate demand for the final goods basket. The standard pricing

equation obtains. These can be written as

1—e

(A+m)] F =w+ (1 —w) [%(1 + )

, (15)

where
Gi = phipy 'Yi + wBGria (14 mipa)°

Hy = MYy + wﬁgtﬂ(l + )

and \; is the marginal utility of consumption.

2.4 Market Clearing

Aggregating the budget constraint (1) over all households yields
PtCZn = thtNt + PtHQ

Since the wholesale sector is in perfect competition, profits II;; are zero for each ¢ firm

and puw
TfYZ‘“ = w; Ny + K.
t
In turn, this implies
C’Zn:?t 0 — ko + 115 (16)

Profits in the retail sector are equal to

o[22 v

P,
1 odie e P
& [ POYEGG - [V

Since for each good j market clearing implies Y,%(j) = Y;(j), and since the production
function of final goods is given by Y:(j) = Y;*(j), we can write profits of the retail sector

as w
i

L =Y'-%

w
Y;",



where Y} = [Y;*(j)dj. Using this result, eq. (16) gives aggregate real spending:

Ve = O + k. (17)

Finally, using the demand for final good j in (14), the aggregate resource constraint

[Yia = [veod =2 [ N =z

_ / [%”]_El@ddj: / [ng)]_a (O + ruildj,

V¥ = Z,Ny = [CI" + Ky / [Pfgq B dj. (18)

or

Aggregate consumption is given by
Cy = C" 4+ w" (1 — Ny).
A more compact way of rewriting the resource constraint can be obtained by writing

(17) and (18) as:

Y;fd = Ctm—i‘:‘ﬁlvt
VY = Yif,

=[]

and measures relative price dispersion across retail firms.

where f; is defined as

2.5 Equilibrium with sticky prices

When prices are sticky (w > 0), the retail price markup (equivalently, the marginal cost

of retail firms) can vary. The complete set of equilibrium conditions is given by

Cy 7 =BE {RC %} (19)

Zy u I 14 ¢ l—p Cov1\ 7 (1, ¢
M—t:w +1——bﬂ59t —HB<1_b> Et< Ct 59t+l_b 9,54,_1. (20)
Cy = Z;Ny + [w“(l — 7’]95) — m@t} St (21)
Ny = (1= p)Ney + 165 [1 = (1= p)Ny1], (22)

10



si=1—(1—p)Ni_1 (23)
Z,N, =Y, /0 1 [M] R (24)

Py
Y;j = Ct —w" (1 — Nt) + HStet (25)
G 1—¢
(47  =w+ (1 -w) [4(1 + 7r4) (26)
H,;
Gy = phpy 'Yy + wBGra (1 + mn)* (27)
Hy = \Y; + wBH1 (1 + mep1)* ! (28)

and a specification for monetary policy.

2.6 Log linearization of the Phillips Curve

The standard new Keynesian Phillips Curve is obtained by log-linearizing the price ad-
justment equation. A comparable Phillips Curve consistent with the model of labor
market frictions can also be obtained. We begin by collecting the equilibrium conditions
in the presence of sticky prices and then derive the log-linearized Phillips Curve.

Let Z; denote the log deviation of a variable x around its steady-state value, and
let Z; denote the deviation of &; around its flexible-price equilibrium value. A variable
without a time subscript denotes a steady-state value. Using (20), (26) - (28) results in

the following expressions for inflation and real marginal cost:
Tt = ﬁEtTFtH - 5ﬂt

e = u—AQ1—¢€)0,
—AB (1 —p)[1 —b0q(0)] Et (it — Eymisa)
+AB (1= p) [1 = & — bOq(0)] Eifr41,
where

5 (@)1 -wp)

w

A= (55 iy

The expressions for inflation and the markup illustrate how labor market tightness

)

and

affects inflation. A rise in labor market tightness reduces the retail price markup, increas-
ing the marginal cost of the retail firms. This leads to a rise in inflation. Expected future

labor market tightness also affects current inflation. For a given 9t, a rise in Etét+1

11



increases the markup and reduces current inflation.? It does so through its effects on
current wages. Expectations of labor market tightness increase the incentive of firms to
post vacancies. This would normally lead to a rise in current tightness. However, since
the coefficient on Et9t+1 measures the impact on p, when 9,5 remains constant, wages
must fall to offset the rise in vacancies that would otherwise occur and keep 8; constant.
Finally, there is a cost channel effect in that the real interest rate has a direct impact
on f,; and therefore on inflation. This arises since it is the present discounted value of
expected future labor market conditions that matter.

We can further simplify the system of equations to obtain a form more easily com-

parable to the standard new Keynesian model. Noting that n, = — (%) u; and

St = (%) (%) Ut—1, €q. (22) describing the evolution of employment can be expressed
as

0= () (5 ) = =) 1= a0 . (29)

Using (29), the expression for the price markup becomes

pe = 2t + hity — hoty—1 — ha Byl — ha (1 — Eymea) (30)
where b9a(8
m=p{1+s0-p 1= 42| 1 - og0)
ho = B[1 —6q(6)] >0
ol
hy = BA(1 - p)[1 —bbq(0)] > 0,
and

su(5) (59 (5)

Using this expression for the markup in the inflation adjustment equation yields a new
Keynesian Phillips curve expressed in terms of expected future inflation, unemployment,

lagged unemployment, expected future unemployment, and the real rate of interest:

Ty = BEtTFt+1 — 5h1’LALt + 5h2’at71 + 5h3Et’th+1 + 5h4 (it — Etﬂ-t+1) — 5215. (31)

Equation (31) provides the new Keynesian Phillips Curve in the presence of labor
market search frictions. Three important differences are apparent. First, inflation de-
pends on both expected future unemployment and lagged unemployment. Therefore the
model (depending on the parameterization) is able to generate endogenous inflation per-

sistence. Second, all the coeflicients in the equation depend on the structural parameters

3In our baseline calibration, 1 — & — bfq(6) > 0.
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that characterize the labor market. In the standard new Keynesian model, they depend
only on preference parameters from the representative agent’s utility function and the
degree of nominal price rigidity. Third, there is a real cost channel in that the real inter-
est rate has a direct impact on inflation. This will affect the impact of monetary policy
by generating a supply-side channel through which monetary policy affects inflation (see
Ravenna and Walsh 2006).

2.7 Unemployment and the Phillips Curve

In this section, we investigate the dependence of the unemployment-inflation relationship

on labor market frictions. Rewrite eq. (31) as:

Tt = BEymi1 — hatiy + hotly—1 + haEylipy1 4+ haFy (iy — Eymin) — 02 (32)

where h; = 6h;. The coefficients on current, lagged, and future unemployment in this
equation reflect the impact of unemployment on inflation, holding the real interest rate
constant.* In our parameterization, the coefficients on 4;_1 and FEitiy, 1 are small relative
to the coefficient on 4; and these coefficients are relatively insensitive to the parameter

variations we consider below. Thus, we focus on A in (32).

2.7.1 Parameterization

The baseline values for the model parameters are given in the Table below. All of these
are standard in the literature. We impose the Hosios condition by setting b =1 — €. By
calibrating the steady-state job finding probability ¢ and the replacement ratio ¢ = w"/w
directly, we can use steady-state conditions to solve for the job posting cost « and the
reservation wage w®.5 Given the parameters in the Table, the remaining parameters and

the steady-state values needed to obtain the log-linear approximation can be calculated.

*The real interest and unemployment are linked by the equilibrium conditions (19) to (25). Using
these conditions, we can obtain an inflation equaton that accounts for the movements of the real rate
of interest necessary to be consistent with the path of the unemployment gap - that is, accounts for the
cost channel implications of movements in 4; (see Ravenna and Walsh, 2007). For the parameterizations
discussed in the next subsection, this general equilibrium effect is small and does not affect quantitatively
the results.

To find x and w", assume w* = ¢w, where ¢ is the wage replacement rate. Then (11) and (??) can
be written as

[1— 6(1 - b)] w" = gb [% (- p)ﬁ’w}
{b=s0-n 8 4150 -9} 5 = (1-0) (5 - u")

and these two equations can be jointly solved for k and w". That is,

) i e

H
-
=&
—_

"
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Table: Parameter Values

Exogenous separation rate P 0.1
Vacancy elasticity of matches & 0.4
Workers’ share of surplus b 0.6
Replacement ratio 10) 0.4
Vacancy filling rate q 0.7
Labor force N 0.95
Discount factor I} 0.99
Relative risk aversion o 2
Markup 7 1.2
Price adjustment probability 1—w 0.75

2.7.2 Results

In this section, we explore the effects of the probability of exogenous separation, labor’s
share of the match surplus, and the job finding probability on the unemployment elasticity
of inflation.

Figure 1 plots h; as a function of p. As p increases, the elasticity of employment (and
unemployment) with respect to 0 rises. With fewer matches surviving from one period to
the next, the share of new matches in total employment increases, making employment
more sensitive to labor market conditions. Conversely, a given change in unemployment
is associated with a smaller change in 6 and, consequentiality, in retail firm’s marginal
cost. Inflation becomes less sensitive to unemployment. In addition, the role of past labor
market conditions falls as match duration declines, and this also reduces the impact of
unemployment on expected future marginal cost and inflation.

Under Nash bargaining, the dynamics of unemployment and inflation are affected by
the respective bargaining power of workers and firms. Figure 2 illustrates the impact of
labor’s share of the match surplus, b, on the responsiveness of inflation to unemployment.
As labor’s share of the surplus rises, the incentive to create new jobs falls. An expansion
of output must be associated with a larger rise in the price of wholesale goods relative
to retail goods if wholesale firms are to increase production. Thus, the marginal cost
to the retail firms, and retail price inflation, becomes more responsive to unemployment
movements as b increases.

The last exercise we examine is the impact of the probability of filling a job on the
Phillips curve. In the baseline calibration, we set the steady-state probability of filling a
vacancy equal to 0.7. In absolute value, the impact of unemployment on inflation declines
with the steady-state value of ¢(#) (figure 3). The steady-state value of a filled job falls
as the steady-state probability of filling a vacancy rises. The effect a fall in the value of
a filled job has on inflation can be inferred from eqgs. (12) and (13). As x/q(6) becomes

14



smaller, the marginal cost of labor to wholesale firms approaches the fixed opportunity
wage w". In the extreme case with 7 = w", eq. (12) implies that the price markup
variable p would be constant and equal to Z;/w". This corresponds to the case of a
perfectly elastic supply of labor to wholesale firms. A demand expansion leads to a fall
in unemployment but no increase in the price of wholesale goods relative to retail goods.

Thus, the marginal cost faced by retail firms would remain constant, as would inflation.

3 Empirical Estimates of the Inflation Equation

The introduction of search frictions and unemployment in the New Keynesian model has
profound implications for the driving variable of the inflation process. A vast literature
debated the relative advantages of alternative marginal cost measures as an indicator of
the business cycle and of inflationary pressure (Rotemberg and Woodfors, 1999, Rudd and
Whelan, 2005). Our model contributes to this literature since it predicts that the measure
of marginal cost that drives inflation can be written in terms of labor market variables, as
in the Keynesian tradition. In addition, the estimation of the inflation equation provides
a straightforward test of the relevance of search frictions for macroeconomic volatility.

As in the baseline New Keynesian model, the inflation equation is given by:

T = [Em1 +0me
5 — (1 -w)(1 - Bw)
w

The real marginal cost variable will depend both on the variable cost of employing a
labor match in production, and on the asset value of the match, which changes over the
business cycle. Eq. (7) implies wholesale firms equate the revenue from entering into one
additional productive match M Rholesale — 1 /1, to its marginal cost (expressed in levels

and in final good consumption units):

where f{ = 0Z;N;/ON;. Since the marginal revenue of wholesale firms is the marginal
cost of retail firms, M Rwhelesale — 1/, = MCye@il, The variable 7 :

Zt K <)\t+1> K
=" =w+— —(1-p)E,B 2=
T TN (1= p)Ef At ) q(Oiy1)

can be interpreted as the marginal cost of entering into a match (in consumption units),

that is, the marginal cost of having one productive unit of labor installed. The marginal

cost of producing one unit of output is equal to the marginal cost of entering into a match
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divided by the marginal product of the match:

1
~ M, =2

= . 34
Hy Zi (39

The forcing variable in the inflation equation can also be obtained by using eq. (34) and
the equilibrium condition for wage bargaining, which gives eq. (13), rewritten here for

convenience:

R

n=wt (1) (s a0 m (A - =1 @)

Finally, using the remaining first order and market clearing conditions eq.(31) implies a

third definition of M C} given by the log-linear relation:
mey = —hity + hoty—1 + h3 Byt 1 + ha (is — Eymgy) — J?t' (36)

There are two advantages in using the definition in eq. (33) rather than the one in
(35) or (36) to estimate the inflation equation. First, both egs. (35) and (36) impose a
far larger number of theoretical restrictions on the data generating process. For exam-
ple, the equilibrium condition for 7; in eq. (35) requires not only that the firms’ first
order condition is correctly specified, but also that the household’s preferences and the
bargaining process appropriately describe the data. As a first step, it seems reasonable
to test the inflation equation without taking a stand on the household preferences and
the wage-setting mechanism.

Second, the functional form of eq. (33) is unchanged if an intensive margin is in-
troduced in the model. The model outlined in the preceding section implicitly assumes
a very high elasticity of the household’s utility to changes in the amount of per-period
hours of labor services supplied in a match. In the limit, the number of hours h; is fixed.
In the extensive margin model discussed in the previous section, the number of hours
was normalized to 1 for convenience. Business cycle volatility is instead characterized by
volatility in both hours and employment. A reasonable description of the data should
then admit for the possibility of variable hours. In a model with both the intensive and

the extensive margin it holds:

_ L LIS M) K

Mo = {“’t’”*qwt) S mm( y >Q(9t+1)} (&)
 wihy 1 kL 1 &
B ft/ht+ft'ht{Q(9t) S [thwtﬂ)}} 38)

where 7, L' = Ep (A;—tl) up to a first order approximation, f; = Z;Nihy and f| =
0Z1Nihy/O(Niht). Comparing (33) and (37) note that the first term in brackets cor-
responds in the data to the wage bill in either model. The ratio multiplying the term
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in brackets is the inverse of labor productivity per-employee in both models, since for
ft = ZyNy we have f/ = Z; = Y; /Ny and for f = Z;N;hy we have f/hy = Y;/N;. Therefore
the two models imply the same empirical relationship in the dataS. The first term in
(38) can be written as w¢hyN¢/Y;. This is the labor share measure (or unit labor cost)
entering as the driving variable in the traditional New Keynesian inflation equation. We

label this term MCN¥ | so that we can write:

MCy = MCNK 4 Lipt {q(gt) —(1-p)E, [%@} } , (39)

where LP; is labor productivity per employee. When the cost of search goes to zero,

the marginal cost measure converges to the standard New Keynesian definition of real
marginal cost.

The equilibrium condition (35) for 7; is instead not invariant to the addition of an
intensive margin. When the disutility for hours worked is added to the household’s pref-
erence specification, the net value of a match for the worker also depends on the marginal
rate of substitution between leisure and consumption M RS;. Nash wage bargaining then

implies:

V(ht) 1 K )‘t+1 K
= “ —_— —— —B(l—p)E | — ) [1—b0 0 —_—
" e (1 - b) {Q(Qt) A=) B ( At [ rr10(Br)] q(01+1)
(40)
where V'(h;) is the utility cost of hours worked per employee, and J—U,C = M RS;, which
t

is unobservable.

In a model with the extensive and intensive margin, profit maximization implies
1/p, = MCy is also equal in equilibrium to the ratio of the marginal rate of substitution
between hours and consumption for the worker, and the marginal product of labor of an
additional hour M PL;. While this implies that, as in the New Keynesian model, the
driving variable for inflation can be written in terms of the ratio between M PL; and
M RS}, this ratio does not correspond to the real wage per unit of output, and cannot be
measured using unit labor cost data. Profit maximization only requires that at optimum
the cost of producing the marginal unit of output by adding an extra hour of work must
be equal to the hourly cost in units of consumptions of producing the marginal unit of

output by adding an extra worker: MCy = 7/ hy.

STf the production function includes capital and this input can be reallocated across firms, the term
multypling the curly brackets would be 1/aZ;(Nehy)* 1K' = 1/[%] Up to a first order approxima-
tion, the definition of the M C}; would be identical to the one in a model without capital.
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3.1 Estimation Equation

Log-linearizing around the steady state equation (39) gives:

_ MCNE vk { 1 1 1 } ~
me = ————imc — 1—-(1- —=kpl
S vrema N b rems 7

B 1 1 i G4 1 1 (1_ )ﬁi N
MCys LPs gss | # T\ MCos LRy P70 [

1 1 1
1-— — E,q
* {Mcss LPss( p)BQSS H} tt+

To take this equation to the data, two modification to the model are necessary to allow
for long-term productivity growth. First, as the marginal product of labor increases over
time, the search cost in terms of output produced shrinks to zero. Second, output per
worker increases steadily over time. As a consequence, conditional on our definition of
the production function the variable LP; has no steady state.

We assume a production function:

Y; = AZiNily
InA; = InAi 1+ p,+€a,
mZ; = p,InZiq+e,,

where €, ¢, are two white noise processes, 1, is the average growth rate of productivity,
and the steady state value of the stationary component of productivity is Z;s = 1. We
then assume that the cost of posting a vacancy grows at the same rate as A; so that it

is a constant share of output in steady state. The wholesale firm first order condition is

then:
_ _ /\t+1> kA1
b g6y o N ) q(0rs1)’

where f/ = Z; indicates the same quantity as in eq. (39). The first order condition can

J KA i Atft,ht

— wtht + (1 — P)Etﬁ <

be written as:

MC; = MCNE 4 - {—”At —(1—p)E; [i “At“”

Aifihe | q(0¢) 7t (O 41)

1 K 1441 &
= MCNK+—{——1— E[— i H 41
t LP; | q(0:) (1 =p)E: re A q(0i11) (41)

where LP; = Y;/(A:Ny). Loglinearizing eq. (41) and using the inflation equation we
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obtain the estimation equation:

MCNKE
ss mCNK

= E 1) 42
e BEimi1 + M., (42)
1 1 1 ~
-0 1—(1- eta]l—g 51
{MCSS LPSS[ (1—-p)B ]qss } Dy
5 { 1 1 1 } R
— —K
MCys LPss gos | %
1 1 1
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3.2 Reduced Form Estimates
We estimate the reduced form coefficients of the inflation equation:
m = BEm+ ey " + Balp, + Bai + Bati + BsErdii1 + Vea,
= Bmey + 5177/1\0?”{ + 525% + B3 + BaTt + B5qr+1 + €t (43)

where ¢; is the linear combination of two white noise random variables: ve,, and the
forecast errors for the variables g;11 and 711. Reduced form estimates are a useful first
step to verify that the regressors - consistent with the DSGE model - enter significantly
into the estimated equation without imposing any theoretical restriction.

The equation is estimated with a two-stage GMM estimator using quarterly US data
over the samples 1960:1 - 2004:1 and 1960:1 - 2007:1. The econometric specification
nests the traditional New Keynesian definition of marginal cost and allows a test of the
hypothesis that labor market search frictions significantly affect the dynamics of inflation.
The estimation procedure follows Galf and Gertler (1999) and Gali, Gertler, Lépez-Salido
(2001).

Let z; be a vector of variables within firms’ information set {2; that are orthogonal to

e¢. Then (43) implies the orthogonality condition

E; | (7 — Brip1 — Brimer ™ — Bolpy — B3d: — Batt — BsGir1) 24| = 0. (44)

For By = B3 = B4 = B5 = 0, (44) gives the standard Calvo pricing model.

Data The data for inflation 7, unit labor cost me, ©

and per-employee productivity
l})t are obtained from the BLS statistics for the US nonfarm business sector (NFB). The

estimation requires a time series for the probability of filling a posted vacancy ¢;. We use
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two alternative measures. Shimer (2005a) builds a series for the job-finding probability
p; using unemployment and short-term unemployment data from the BLS”. Given the

matching function M; = nvf St1 =% the probability of filling a vacancy is given by

_ bt

Qt_Gt

Using the series for labor market tightness #; in Shimer (2005a) we obtain a time
series for ¢; up to the first quarter of 2004. Following Shimer, the log-deviation ¢ is
obtained using a slow-moving long-term trend provided by the Hodrick-Prescott filtered
series for the variable, with smoothing parameter A\ = 10°.

We build an alternative measure for ¢, splicing the JOLTS vacancy data starting
in 2000 with the synthetic vacancy rate series estimated by Valletta (2005) starting in
1960°. The vacancy series v; is obtained from BLS nonfarm business data for payroll

employment PFE; using the equation:

,Urate
vy = —+——PF,

rate

Using the BLS NFB data for total unemployment we obtain a series for 6;:

Ut
0 = —
St

Finally, ¢" = n6% " and
@ = (§—1)0;
Figure 4 plots the two series for ¢;, where we used the estimate £ = 0.72 reported in
Shimer (2005a)? to build g;". The difference between the two series is minimal. A third
way to build ¢; is to use the definition:

qt =
Ut

The model though defines the number of employed workers as N; = LF; — sy + M,
where LF; is the labor force (normalized to 1). Since this equation implies the labor
force is given by the sum of unemployed workers at the beginning of the period, employed

workers at the end of the period, and new matches, it does not correspond to the BLS

"Shimer (2005b) builds a series for the job-finding probability p; using monthly data from the BLS
under the assumption that job offers are available according to a Poisson distribution, and shows that
accounting for entry and exit from the labor force does not alter the series significantly. The results are
robust to using this alternative p; series.

$Valletta (2005) corrects the help wanted index series for secular movements unrelated to the labor
market using the estimated coefficients from a regression of JOLTS data over help-wanted index data for
the overlapping period after 2000.

9The parameterization of ¢ is irrelevant for the reduced form estimates, but helps identification in the
structural estimates.
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definition of labor force, which is given by LF; = N;+ s;, and cannot be used to compute
the number of new matches M;.

Our instrument vector z; includes four lags of NFB unit labor costs, the price inflation
measure, NFB per-employee labor productivity, vacancy-filling probability, NFB hourly
compensation inflation, HP-filtered NFB output, federal funds rate, industrial commodi-
ties price index, unemployment rate, and the three months-ten year US government bond

spread.

Estimates Table 1 reports the estimates using an instrumental variables two-stage
GMM estimator and the specification of the orthogonality condition as in equation (44).
All standard errors are Newey-West corrected to take into account residual serial corre-
lation'?. We examine three alternative measures of inflation. In all cases, all coefficients
are significantly different from zero with a high confidence level. The only exception is
the significance of the labor productivity coefficient in the case inflation is measured by
the consumer price index. The difference between the values of the maximized criterion
function for the restricted and unrestricted model can be used to perform the equivalent
of a likelihood ratio test for the null hypothesis that 8, = 53 = 84 = 85 = 0. This test,
known in the literature as a D-test (see Matyas, 1999) shows that the traditional New
Keynesian Phillips Curve is in all cases rejected in favor of the search-friction specifi-
cation. The signs of the estimated parameter correspond to the theory prediction in all
cases but for the unit labor cost measure. The restricted regression shows that, consistent
with the theory, unit labor costs are estimated to enter with a positive coefficient in the
inflation equation when the search friction is not included in the specification.

Using the synthetic vacancy data, the unrestricted regression estimates are consistent
with the earlier results. Surprisingly, in the restricted regression the coefficient for unit
labor costs is not significant. The cross-correlation between inflation and unit labor cost
(figure 5) shows why the very fact of extending the sample up to 2007 causes the equation
to break down. Inflation is positively correlated with contemporaneous and future values
of unit labor cost up to 1995 - as predicted by the theory - while the cross-correlation is
reversed in the sample 1995 to 2007. As the sample for the synthetic data includes an
additional three years of data in the second part of the sample, the sign for the unit labor
cost variable is estimated with less precision.

Since inflation in the standard New Keynesian model is equal to the expected dis-
counted sum of future real marginal costs, the finding of a negative correlation between
inflation and future unit labor cost suggests that either the standard equation is mis-
specified, or unit labor costs are not an accurate measure of marginal costs. The search

friction Calvo model built in the preceding sections implies that the cost of forming a

""The Newey-West correction implies a larger acceptance region for the parameter significance, and
may result in high p-values for the parameter estimates.
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match should enter in firms’ marginal cost. We cannot directly observe the marginal cost
variable, since it is a linear combination of unit labor costs and current and expected
hiring costs. Using the estimates for the unrestricted inflation equation in Table 1 it is
possible to build an estimate of the true marginal cost. Figure 6 shows that inflation is
positively correlated with the leads of the marginal cost, consistently with the theory,
and that this relationship is stable across subsamples.

Yet the estimates in Table 1 present us with a puzzle: they imply that an increase
in current unit labor cost leads to a decrease in inflation. Mis-measurement or mis-
specification can lead to this result. One possibility is that vacancies, used to build
the labor market tightness variable, are measured incorrectly. Job vacancies include both
positions filled with unemployed workers (v"), and positions filled with job to job workers’
transitions (v¢). But our model is built to explain only movements in v*, which are
unobservable. The hypothesis that v* is highly correlated with the measure of vacancies
implied by the model, and therefore the measured v is a good proxy for v“, has been
shown to be partially inconsistent with available estimates of the matching function

(Yashiv, 2005). The possibility of mis-specification is discussed in the following.

A Test of the Cost Channel Eq. (42) provides an additional testable implication of
the search friction Calvo model. The coefficients on 7, ¢z+1 are identical. This restriction
is consistently rejected by the data across all specification.

The estimates show that the coefficient S, on 7 is an order of magnitude larger
than the coefficient f5 on @;11. Since both coefficients are estimated with low variance,
rejection of the restriction is not surprising. The intuition for this result sheds light on
the working of the model. The restriction 5, = (5 obtains since in eq. (41) the future
expected cost of posting a vacancy is discounted at the real rate of interest. Since the real
rate of interest and the probability of filling a vacancy enter with the same coefficient in
the definition of M}, they should have a variance of the same order of magnitude. On
the contrary, in the data ¢; has a variance which is an order of magnitude larger than r;,
as shown in figure 4. Therefore the estimate results in S5 << 3.

A different model may have a prediction consistent with the difference in variance
between r; and ¢;. It is not straightforward to build a plausible model with this implica-
tion: it would need to have a term %’; with x < 1. That means that the cost of posting a
vacancy should depend nonlinearly on the probability of a position being filled.

The existence of a cost channel can easily justify an estimate for S5 much smaller
than f3,. If firms have to pay in advance the factors of production, the term MCN¥ in
eq. (41) will be multiplied by the cost of borrowing funds (1 + 4;). This provides the
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necessary degree of freedom in eq. (42), that can now be rewritten as:
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In this specification, the coefficient on iy and E;qi+1 are not restricted to be equal,

while st

is the share of factor payment that firms have to pay in advance (see Ravenna
and Walsh, 2005). Table 2 provides estimates of the cost-channel specification. As
expected, the only estimate that changes is the one for 5, now estimated to be smaller,
as predicted by the theory. The traditional New Keynesian Phillips Curve is rejected by
the data in favor of the search-friction specification, even after the inclusion of the cost

channel.

Lagged Inflation Many authors have concluded that at the very least a small but
significant backward looking inflation component is consistent with estimates of the New
Keynesian Phillips Curve, although the inclusion of a lagged inflation term raises a num-
ber of econometric issues. Since labor market variables are typically lagging indicators of
the business cycle, we would like to test the hypothesis that ¢; is not significant simply
because it proxies for lagged inflation. Table 3 shows the result of the reduced form GMM

estimates of the equation:

= BoEymis1 + Brimes ™ + Balp, + B3 + Bair + BsEedir1 + Bemi—1 + Vea,

The specification includes the regressor i; rather than r; to allow explicitly for the ex-
istence of a cost channel. The term m;_; enters significantly in the search-friction New
Keynesian Phillips Curve, but all the other coefficients remain significant. It also enters
significantly in the traditional New Keynesian Phillips Curve. We conclude that the labor
market variables play a role in explaining inflation dynamics that goes beyond proxing

for lagged inflation.
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3.3 Structural Estimates

Using a non-linear GMM estimator, and restrictions obtained from the theory, it is pos-
sible to estimate the structural parameters in eq. (42). To illustrate the identification

issues in the estimation it is convenient to rewrite the inflation equation as:

wry = whEmi
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Identification is possible for at most four parameters. Using the model steady state

restrictions it is possible to estimate the discount factor 3, the probability of price ad-
justment (1 — w), the separation rate p and the cost of posting a vacancy k.

To this end, we make the following assumptions. The steady state value of the mar-
ginal cost M Cyg is equal to the inverse of the markup p = %. Consistent with the New
Keynesian literature, we assume p = 1.2. The average growth rate of the permanent tech-

nology shock A; is estimated from real GDP data for the NFB sector using the model’s

=) dil()]
E ln = E ln —_— g a
[ <At1 Y1 a
Over the 1960:1-2007:1 sample the estimate for p, is 0.8938. The steady state value

of the vacancy-filling probability gss is parameterized to be approximately equal to 0.7,

consistently with available estimates on US data (Blanchard and Gali, 2006). The coef-
1 11

restriction:

ficient LPs is equal to hssZss. We normalize this value to . Finally, the coeflicient

MCXNK needs to be parameterized. Since there exist search frictions this coefficient is not

1

equal to g~ as in the standard New Keynesian Phillips Curve. The budget constraint

and the wholesale sector zero-profit condition imply:

w
tht = P%Y;:w — RU¢
t
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If the cost of search k is small as a share of output - as in most parameterization of

h an economy with capital LPss = Zss (%)j: and it is still possible to choose the units of Z such

that LP,s = 1.
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the search labor market framework - it approximately holds:

MCyy = — ~ MCNKE

I

NK
and the ratio MTCC% is approximately equal to unity. Note that in a model with

capital, this ratio would be a function of the steady state labor share and the steady state
markup. Using as a measure of labor share the share of employees’ total compensation
on national income, the sample 1960:1-2007:1 provides an estimate for MCNX equal to
0.71'2. The estimation uses MCNX = !, Results obtained using the average labor’s
share are not qualitatively different.

Table 4 reports the structural parameters estimate. The estimated value for w is 0.86.
This value implies an average price duration of about 7 quarters. Microeconomic evidence
for the US supports a shorter price duration. Aggregate estimates of New Keynesian
Phillips Curve are instead often in this range, and an aggregation bias has been proposed
as an explanation for the discrepancy. Gali and Gertler (1999) report estimated values
for w between 0.82 and 0.91. The estimated value for 8 is 0.96, consistent with the
theory and the literature. The estimation predicts a separation rate of 0.35, which is
high compared to the evidence from micro data. All parameter estimates are significant,
and have sign consistent with the theory.

The estimate for x has an interesting interpretation. Since ﬁ}% is the total per-
period cost of search in the economy as a share of output, we can compute the cost of

search as :
I{,Urate

rate
U

Y
Ay

Cost =

where n}%¢ vyl are respectively the employment and vacancy rate (consistently with
the model, where the labor force is normalized to 1) and Y;/A; is the exponential of the
Hodrick-Prescott filtered output. Figure 7 plots the time series for C'ost over the last 40
years. As it turns out, most of its variation derives from the volatility of the vacancy

rate, which is by far more volatile than output.

3.4 Alternative Specifications

The unrestricted reduced form estimates presented us with the puzzling implication of
a rise in unit labor costs having a negative impact on inflation. Mis-measurement in
vacancies could explain this result. At the same time, the estimated model is highly

stylized. This section explores some alternative specifications that can potentially drive

2In a model where capital cannot be instantaneously reallocated across firms, an additional correction
to the inflation equation is needed to allow for the fact that price-setting firms’ marginal cost will be
different from the average cost. Assuming Y; = Zt(Ntht)O‘Ktl_"‘ the marginal cost is MC;, = a1 + (1 —
a)(e — 1)] 7t AC; where the average cost AC is defined by equation (38). See Sbordone (2002).
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the model closer to the data.

First, consider a model with a time-varying separation rate p,. The evidence pointing
to the stability of p, in US data is strong only for the short period covered by JOLTS
data. Estimates for previous periods have shown a higher volatility. An (exogenously)

time varying separation rate would add to the estimation equation (42) the term

1 1 1
1) — pB—keta S B
{Mcss TN } tPr+1

where p is now the steady state value of p,3.

Second, the cost of vacancy posting need not be constant. A large part of the literature
assumes convex costs, though Rotemberg (2005) proposes a model with concave costs
where firms face economies of scale when searching for many positions at one time.

Assume a cost function (Yashiv, 2005):

sl oy (-] Ty, (45)
N, N, t

. K
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Kt

Vacancy posting costs are proportional to output, and depend both on the number
of posted vacancies (and on labor market tightness since 6; = v;/N;) and on the number
of hires M; = q:v¢. In the extensive margin model, Y; = A; Z; N; and for v =0, ¢ =1 eq.
(45) gives Ky = kv ArZy, a formulation identical to the one assumed in the model save
for the proportionality to stationary technology shocks. Formulations with v > 0 give a
convex cost function. This model implies that eq. (42) should be augmented with three
terms in @t, EﬁtH, Etﬁt+1.

Third, the existence of ’overhead labor’ that must be hired regardless of output implies
a production function of the form Y = f(Z;, Ay, (N;—N)h;). Assuming a technology linear
in labor, we obtain

Yy = AiZi(Ny — N) (46)

Since now the marginal product of labor is different from the average product, it holds
that g}(}t = % <N;NjN> and 12022% =ULC; (1 — %) where ULC' is unit labor cost. The

production function (46) requires that a term in N, be added to the estimation equation
(42).14

Fourth, the cost of adjusting the labor input on the intensive margin may be non-zero.
If this cost is convex in hours and is proportional to the number of employees, it will affect

the first order condition for vacancy posting, given the firm revenues are decreased by

3 The equation must include the expectation, rather than the current value, of p, since separation occur
after the match has been productive in ¢, and separated workers enter into the ¢ + 1 pool of searchers.

YNote that neither the existence of a ’setup cost’ per employee, as in Basu and Kimball (1994), nor
labor hoarding would modify the estimation equation, since in both cases the production function is of the
form Y; = f(Z:, A¢, Ni(he — h)), implying the log-deviation of marginal labor productivity per employee

aY;
SN 1S unaffected.
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the cost g(h¢, he—1)Ny. It is easy to show that under very general conditions for the cost
function ¢(.) the estimation equation would be augmented by two terms in iALt,iALt_l.
When the four alternative specifications are estimated with the GMM estimator,
in all cases the unit labor cost variable still enters significantly, and with a negative
coefficient, in the inflation equation - even in cases where the added variables turn out

to be significant.

4 Conclusions

The relationship between inflation and economic activity has always been at the heart of
macroeconomic models used for policymaking, since it summarizes the constraint faced
by the central bank when setting monetary policy. While this basic relationship has taken
for decades the shape of a Phillips curve, relating unemployment and inflation, modern
macroeconomic theory based on dynamic stochastic general equilibrium models relies on
Walrasian labor markets, where involuntary unemployment is ruled out by assumption.
The new Keynesian paradigm assumes all variation in labor input occurs along the in-
tensive hours margin, and the driving variable for inflation depends on workers’ marginal
rates of substitution between leisure and consumption.

This paper incorporates a search-friction model of the labor market into a sticky-price
new Keynesian model of economic activity. A number of simplifying assumptions allow
us to derive an equilibrium relationship between inflation and labor market variables -
specifically, unemployment - providing a microfoundation for the Phillips curve empirical
relationship, investigated by a large literature over the last fifty years.

In contrast to earlier literature, we focus directly on the implications of the labor
market specification for the Phillips curve and the connection between the structure of
the labor market and the unemployment elasticity of inflation, and provide empirical
testing of the model.

In our model the driving variable for inflation is the firm’s marginal cost inclusive of
the search cost to hire a worker. The Phillips curve relates the quasi-difference between
inflation and expected inflation to lagged, current and future values of unemployment, to
the real interest rate and to per-employee productivity. Since the real interest rate affects
firm’s marginal cost, the search-friction Phillips curve generates a supply-side channel
through which monetary policy affects inflation. The inflation elasticity to unemployment
is decreasing in the probability of a firm-worker match separating, and in the probability
of a vacancy being filled, while is increasing in labor’s bargaining power. Therefore the
search-friction Phillips curve can explain cross-country differences in the dynamics of
inflation as a consequence of alternative structural characteristics of the labor market

Our empirical strategy lets us test a version of the Phillips curve that is consistent

with a very large family of models incorporating labor market search frictions, such as
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models with both an extensive and an intensive margin. While the most recent vintage of
US data rejects the new Keynesian Phillips curve as a stable structural relationship, we
show that the search-friction Phillips curve can potentially reconcile the new Keynesian
model of inflation with the data. Using a GMM estimator we show that the baseline
new Keynesian Phillips curve, both in its forward-looking, hybrid and cost-channel for-
mulations, is consistently rejected in favor of our model of the Phillips curve. Structural
estimates show that the total per-period cost of search in the US economy since 1960 has
been of the order of 0.10% of non nonfarm business sector output.

Our model provides a straightforward test of the relevance of search frictions for
macroeconomic volatility. A puzzle remains as to the fact that the theoretical restriction
of a positive impact of unit labor costs on inflation is rejected by the data - even when
using alternative specifications. In summary, while the search friction Calvo model we
presented provides a better fit to the data than the baseline New Keynesian model, it
is still too stylized to fully describe the dynamics of firms’ marginal costs. Additional
propagation mechanisms, such as procyclical labor effort, endogenous separations, cost

of firing and job to job transitions are promising avenues to explore.
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5 Appendix

5.1 Wage determination

Consider a comparison of the outcomes from the worker in making a match versus not
making one. The value of the match is the wage plus the expected value of entering the
following period with a job: V;™ = wy + BE; (Ae+1/A¢) Vi1 In turn,

VI =11 = p+ pO1q(0e31)] Vi + p[1 — 0110(0141)] Vit

since an employed worker survives the exogenous separation process and remains in a
match with probably 1 — p, becomes unemployed with probability p but immediately
finds another job with probability 6;41g(6:+1), or becomes unemployed with probability
p but does not find a new match.

The value of not making a match is the value of the outside opportunity plus the ex-
pected value of entering the following period unemployed: V" = w" + BE; (Agq1.M¢) Vi

The value of being unemployed is
Vit = 0i419(0e40) Vi + 1 — 01419(0141)] Vi
Combining these results,

Ve o= V=V = (w— w") + BE: (Aera /M) (Vi — Vi)
= (w—w") + B(1 = p)Er (Aey1/M) [1 = 01419(0141)] Vi

which is (10) of the text.
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Figure 1: Effect of exogenous separation probability on the unemployment elasticity of
inflation
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Figure 2: Effect of labor share on the unemployment elasticity of inflation
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Figure 3: Effect of the job filling probability on the elasticity of inflation with respect to

unemployment.
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Figure 4: Hodrick-Prescott filtered probability of filling a posted vacancy. Synthetic
data computed from JOLTS and Valletta’s (2005) estimate of vacancy rate over the
period 1960-2000.
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Table 1: Estimates of the Phillips Curve

B b1 B B3 Ba Bs D — test
NFB Price Deflator
Restricted 0.957 0.008 0 0 0 0
[<0.001]  [0.026]
Unrestricted 0.995 -0.016 -0.024 -0.003 | 0.092  0.005 230.28
[<0.001] [<0.001]  [<0.001] [0.041] | [<0.001] [<0.001] [<0.001]
GDP Price Deflator
Restricted 0.951 0.014 0 0
[<0.001]  [<0.001]
Unrestricted 0.975 —0.006 -0.021 —0.003 | 0.067  0.005 210.26
[0.014] [0.098] [0.003] (0.009] | [<0.001] [<0.001] [<0.001]
CPI Inflation
Restricted 0.952 0.017 0 0
[<0.001]  [<0.001]
Unrestricted 0.988 -0.015 -0.0008 -0.009 | 0.154  0.011 164.70
[<0.001]  [0.004] [0.923] [<0.001] | [<0.001] [<0.001] [<0.001]
NFB Price Deflator
Sample: 1960:1—2007:1 — Synthetic data
Restricted 0.972  0.0003 0 0
[<0.001]  [0.932]
Unrestricted 1.002 -0.019 -0.027 -0.003 | 0.084  0.005 161.16
[<0.001]  [<0.001]  [0.003] (0.033] | [<0.001]  [0.002] [<0.001]

Estimates of the equation m; = BEymis1 + Bymel & + Bolp, + Bsds + BTt +
BsEiQi+1 + V€q, using two-stage GMM estimator. Newey-West robust stan-
dard errors, 12 lags window. Number in square brackets is p-value for Wald
test of hypothesis Hy = 0. For D-test, number in square bracket is p-value
for accepting estimation restrictions. Sample: 1960:1- 2004:1 unless otherwise
indicated. Data source: Shimer (2006), Valletta (2005), BLS, BEA.
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Figure 5: Cross-correlation Non-Farm Business Sector Price Deflator and Unit Labor
Cost.
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Figure 6: Cross-correlation Non-Farm Business Sector Price Deflator and search labor
market model Marginal Cost estimated using Table 1 coefficients.




Table 2: Estimates of the Phillips Curve - Cost Channel specification

Bo B1 B B3 By Bs D — test
NFB Price Deflator
Restricted 0.874  0.005 0 0 0.099 0
[<0.001]  [0.126] [0.012]
Unrestricted 0.903 -0.016 -0.024 -0.003 | 0.092  0.005
[<0.001] [<0.001] [<0.001]  [0.041] | [<0.001] [<0.001]

Estimates of the equation m; = By FEimit1 + Blﬁz\ciVK + ,621/1\)15 + B3q: + Byir +

B5EtQi+1+7v€q, where By = {[ﬂ] + [—5M;Cssﬁss(1 — p)ﬁﬁne“a} } using two-
stage GMM estimator. Newey-West robust standard errors, 12 lags window.
Number in square brackets is p-value for Wald test of hypothesis Hy = 0. For
D-test, number in square bracket is p-value for accepting estimation restric-
tions. Sample: 1960:1- 2004:1. Data source: Shimer (2006), Valletta (2005),

BLS, BEA.
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Table 3: Estimates of the Phillips Curve - Lagged Inflation specification

Bo b1 Ba Bs By Bs Be
NFB Price Deflator
Restricted 0.665  0.006 0 0 0.085 0 0.222
[<0.001]  [0.039] [<0.001) [<0.001]
Unrestricted 0.709 -0.008 -0.007 -0.005 | 0.082  0.007 || 0.187
[<0.001]  [0.050]  [0.512]  [0.005] | [<0.001] [<0.001] || [<0.001]

Estimates of the equation m; = BoEimiy1 + Blﬁz\ciVK + Bgl/z\)t + (3Gt + 54@ +
BsErqir1 + Bemi—1 + Y€q, using two-stage GMM estimator. The specification
includes the regressor i; rather than r; to allow explicitly for the existence of
a cost channel. Newey-West robust standard errors, 12 lags window. Number
in square brackets is p-value for Wald test of hypothesis Hy = 0. The D-test
rejects the restrictions with a p-value smaller than 0.1%. Sample: 1960:1-
2004:1. Data source: Shimer (2006), Valletta (2005), BLS, BEA.
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Table 4: Estimates of the Phillips Curve - Structural Parameters

I3 w P K acost D — test

NFB Price Deflator

Restricted 0.962 0.838 0 0

[<0.001]  [<0.001]

Restricted-Cost Channel | 0.92 0.856 0 0 1.20
[<0.001]  [<0.001] [<0.003]

Unrestricted 0.96 0.86 0.36  0.029 2733.75

[0.015] [<0.001] [<0.001] [0.073] [<0.001]

Structural estimates of the search-friction New Keynesian Phillips Curve us-
ing two-stage nonlinear GMM estimator. Newey-West robust standard errors,
12 lags window. Number in square brackets is p-value for Wald test of hy-
pothesis Hy = 0. For D-test, number in square bracket is p-value for accepting
estimation restrictions in 'Restricted’ estimate. Sample: 1960:1- 2004:1. Data

source: Shimer (2006), Valletta (2005), BLS, BEA.
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Figure 7: Estimated total cost of search as share of output. Non farm business sector.
Scaling in percent.
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