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A number of authors have recently emphasized that the conventional model of unemployment
dynamics due to Mortensen and Pissarides has difficulty accounting for the relatively volatile
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1 Introduction

A long standing challenge in macroeconomics is accounting for the relatively smooth behavior of real
wages over the business cycle along with the relatively volatile behavior of employment. A recent
body of research, beginning with Shimer (2005a), Hall (2005a) and Costain and Reiter (2003), has
re-ignited interest in addressing this challenge. These authors show that the conventional model of
unemployment dynamics due to Mortensen and Pissarides (hereafter “MP”) cannot account for the
key cyclical movements in labor market activity, at least for standard calibrations of parameters.
The basic problem is that the mechanism for wage determination within this framework, period-
by-period Nash bargaining between firms and workers, induces too much volatility in wages. This
exaggerated procyclical movement in wages, in turn, dampens the cyclical movement in firms’
incentives to hire. Shimer (2004) and Hall (2005a) proceed to show that with the introduction of
ad hoc wage stickiness, the framework can account for employment volatility. Of course, this begs
the question of what are the primitive forces that might underlie this wage rigidity.

A rapidly growing literature has emerged to take on this puzzle. Much of this work attempts to
provide an axiomatic foundation for wage rigidity, explicitly building up from assumptions about

I To date, due to complexity, this work has focused mainly

the information structure, and so on.
on qualitative findings and has addressed quantitative issues only in a limited way.?

In this paper we take a pragmatic approach to modelling wage rigidity, with the aim of develop-
ing a framework that is tractable for quantitative analysis. In particular, we retain the empirically
appealing feature of Nash bargaining, but modify the conventional MP model to allow for stag-
gered multi-period wage contracting. FEach period, only a subset of firms and workers negotiate a
wage contract. Fach wage bargain, further, is between a firm and its existing workforce: Workers
hired in-between contract settlements receive the existing wage. We restrict the form of the wage
contract to call for a fixed wage per period over an exogenously given horizon. Though it would
be undoubtedly preferable to completely endogenize the contract structure, these restrictions are
reasonable from an empirical standpoint. The payoff is a simple empirically appealing wage equa-
tion that is an intuitive generalization of the standard Nash bargaining outcome. The gain over a
simple ad hoc wage adjustment mechanism is that the key primitive parameter of the model is the
average frequency of wage adjustment, as opposed to an arbitrary partial adjustment coefficient
in a wage equation. In this way, the staggered contracting structure provides more discipline in
evaluating the model than do simple ad hoc adjustment mechanisms.

'Examples include Menzio (2005), Kennan (2006) and Shimer and Wright (2004). Others have explored flexible
wage alternatives: e.g. Hagedorn and Manovski (2006), Mortensen and Nagypal (2006), and Rotemberg (2006). See
Hall (2005c¢) for a survey.

2 An exception is Menzio (2005) who presents a calibrated model with endogenous wage rigidity. His model does
well except for wages, which are too smooth. We instead focus on explaining the joint dynamics of labor market
activity and wages.



The use of time dependent staggered price and wage setting, of course, is widespread in macro-
economic modelling, beginning with Taylor (1980) and Calvo (1983). More recently, Christiano,
Eichenbaum and Evans (2005) and Smets and Wouters (2003) have found that staggered wage con-
tracting is critical to the empirical performance of the recent vintage of dynamic general equilibrium
macroeconomic frameworks (i.e., sticky prices alone are not sufficient). There are, however, some
important distinguishing features of our approach. First, macroeconomic models with staggered
wage setting typically have employment adjusting along the intensive margin. That is, wage stick-
iness enhances fluctuations in hours worked as opposed to total employment. As a consequence,
these frameworks are susceptible to Barro’s (1977) argument that wages may not be allocational
in this kind of environment, given that firm’s and workers have an on-going relationship. If wages
are not allocational, of course, then wage rigidity does not influence model dynamics. By contrast,
in the model we present, wages affect employment at the extensive margin: They influence the rate
at which firms add new workers to their respective labor forces. As emphasized by Hall (2005a), in
this kind of setting the Barro critique does not apply.

A second key difference involves the nature of the wage contracting process. In the conventional
macroeconomic models, monopolistically competitive workers set wages. Here, firms and workers
bargain over wages in a setting with search and matching frictions. As a consequence, some inter-
esting “spillover” effects emerge of the average market wage on the contract wage. These spillover
effects are a product of the staggered contract/bargaining environment. They introduce additional
stickiness in the movement of real wages, much the same way that real rigidities enhance nominal
price stickiness in models of staggered price setting (e.g., Kimball, 1995, and Woodford, 2003).

As we noted, the wage/unemployment volatility puzzle arises with standard calibrations of the
MP model. An interesting recent paper by Hagedorn and Manovskii (HM, 2006) considers an
alternative parameterization. In particular, these authors find parameters that allow the model to
match the low elasticity of wages with respect to productivity present in the data. By generating
smooth wages in this fashion, the model is then able to capture unemployment volatility. At
issue, however, is that some of the key parameters required to permit the model to capture the
volatility puzzle are quite different than conventional analyses suggest may be reasonable. In effect,
HM make labor supply high elastic, much more so than do standard calibrations. In addition,
despite calibrating to match wage data, their model does not account well for either the cyclical
co-movement or volatility of wages, as we discuss below.

We differ by using a more conventional model parametrization. In our framework, accordingly,
it is the overlapping multi-period wage contracts that accounts for the low elasticity of wages with
respect to productivity. Further, rather than picking parameters to match this elasticity, we choose
them to be consistent with the available micro evidence on the duration of wage adjustments. In
this regard, we add a degree of discipline on the calibration. We then investigate how well the model
captures wage dynamics, as well as the volatility of unemployment and the other key variables of
the model.



In section 2 we characterize the basic features of the model. In section 3 we derive a set of simple
dynamic equations for wages and the hiring rate, obtained by considering a local approximation
of the model about the steady state. We also exposit the spillover effects that influence the wage
bargaining process, contributing to overall wage stickiness. One additional distinguishing feature
of the setup is that a “horizon effect” emerges that influences the bargaining process, since firms
care about the implications of the contract wage for future hires, while workers do not. While the
horizon effect is interesting from a theoretical perspective, it turns out to not be quantitatively
important in our baseline calibration. In section 4 we examine the empirical performance of the
model and show that the framework does a good job of accounting for the basic features of the
U.S. data, including wage dynamics. In section 5, we verify that under our calibration the model
satisfies the important technical condition that the wage always lies within the bargaining set over
the life of the contract. Concluding remarks are in section 6. Finally, the appendix provides an
explicit derivation of all the key results, including the steady state of the model. It also presents
the complete loglinearized model.

2 The Model

The framework is a variation of the Mortensen and Pissarides search and matching model (Mortensen
and Pissarides, 1994, Pissarides, 2000). The main difference is that we allow for staggered multi-
period wage contracting. Within the standard framework, workers and firms negotiate wages based
on period-by-period Nash bargaining. We keep the Nash bargaining framework, but in the spirit
of Taylor (1980) and Calvo (1983), only a fraction of firms and workers re-set wages in any given
period. As well, they strike a bargain that lasts for multiple periods. Workers hired in between
contracting periods receive the existing contract wage. Here the idea is that due to scale economies
in bargaining, employment terms are negotiated only periodically: Firms do not negotiate separate
terms for the relatively small percentage of workers who enter in-between contracting periods.? In-
deed, Bewley (1999) presents some evidence consistent with this scenario: In particular, he shows
that wages of new workers are often linked to the existing internal pay structure.*

For technical reasons, there are two other differences from MP. First, because it will turn out
to be important for us to distinguish between existing and newly hired workers at a firm, we drop
the assumption of one worker per firm and instead allow firms to hire a continuum of workers. We
assume constant returns to scale, however, which greatly simplifies the bargaining problem. Second,
we drop the conventional assumption of a fixed cost per vacancy opened and instead assume that
firms face quadratic adjustment costs of adjusting employment size. The reason is as follows: With

3Qur scenario applies to situations where workers are relatively homogenous: e.g. clerical workers as opposed to
professional basketball players.

"Bewley (1999) argues that internal equity considerations constrain workers of similar productivity to receive
similar wages, consistent with the hypothesis that new workers receive the existing contract wage.



staggered wage setting, there will arise a dispersion of wages across firms in equilibrium. Quadratic
costs of adjusting employment ensures a determinate equilibrium in the presence of wage dispersion.
To be clear, however, while this assumption is necessary for technical reasons, it does not drive our
results, as we show below.

Finally, we embed our search and matching framework within a simple intertemporal general
equilibrium framework in order to study the dynamics of unemployment and wages. Following
Merz (1995) and others, we adopt the representative family construct, which effectively involves
introducing complete consumption insurance.

2.1 Unemployment, Vacancies and Matching

Let us now be more precise about the details: There is a continuum of infinitely lived workers
and a continuum of infinitely lived firms, each of measure one. We index firms by ¢ and workers
according to the identity of their employer. Each firm ¢ employs n.(i) workers at time ¢. It also
posts v;(7) vacancies in order to attract new workers for the next period of operation. The total
number of vacancies and employed workers are vy = folvt(i)di and n; = folnt(i)di. The total number
of unemployed workers, u;, is given by

up =1 —ny. (1)

Following convention, we assume that the number of new hires or “matches”, my, is a function
of unemployed workers and vacancies, as follows:

my = omud v 7. (2)
The probability a firm fills a vacancy in period t, ¢, is given by

my

3)

gt =
Ut

Similarly, the probability an unemployed worker finds a job, s, is given by

my

(4)

S§p = —.
Ut
Both firms and workers take ¢; and s; as given.

Finally, each firm exogenously separates from a fraction 1 — p of its workers each period, where
p is the probability a worker “survives” with the firm until the next period. Accordingly, within our
framework fluctuations in unemployment will be due to cyclical variation in hiring as opposed to
separations. Both Hall (2005b,c) and Shimer (2005a,b) argue that this characterization is consistent
with recent U.S. evidence.



2.2 Firms

Each period, firms produce output, y; (i), using capital, k; (7), and labor, n; (i), according to the
following Cobb-Douglas technology:

ye (i) = agke (1) me (4)' 7, (5)
where a; is a common productivity factor. As we noted earlier, because we will have wage dispersion
across firms, we replace the standard assumption of fixed costs of posting a vacancy with quadratic
labor adjustment costs. For simplicity, we assume capital is perfectly mobile across firms and that
there is a competitive rental market in capital.

It is convenient to define the hiring rate, z; (7), as the ratio of new hires, gv; (i), to the existing
workforce, n; (7):

o (i) = 20 (i)

Note that the firm knows the hiring rate with certainty at time ¢, since it knows that likelihood ¢

that each vacancy it posts will be filled. The total workforce, in turn, is the sum of the number of
surviving workers, pn; (i), and new hires, qv; (7):

nir1 (1) = pne (4) + g (4) - (7)
Let wy (i) be the the wage rate, z; the rental rate of capital, and SEiA¢¢1 be the firm’s
discount rate, where the parameter [ is the household’s subjective discount factor and where
Atg+1 = W (ci41) /v (er). Then given quadratic costs of adjusting the workforce, the value of the
firm F; (i), may be expressed as:
K

Fy (1) = ye (@) — we (§) 1 (4) — 52 (8)* n (8) — 2ike (i) + BEtAg 41 Frpa (i) (8)

At any time, the firm maximizes its value by choosing the hiring rate (by posting vacancies)
and its capital stock, given its existing employment stock, the probability of filling a vacancy, the
rental rate on capital and the current and expected path of wages. If it is a firm that is able to
renegotiate the wage, it bargains with its workforce over a new contract. If it is not renegotiating, it
takes as given the wage at the previous period’s level, as well the likelihood it will be renegotiating
in the future.

We next consider the firm’s hiring and capital rental decisions, and defer a bit the description
of the wage bargain. Let J; (i) be the value to the firm of adding another worker at time ¢:

iﬁ ((Zl; —wy (1) + gIBt (i)* + PBE N 111141 (4) . )

Then the first order condition for vacancy posting equates the marginal cost of adding a worker

Ji) = (1-a)

with the discounted marginal benefit:



RI¢ (Z) = BEtAt,t—l-lJt—l-l (Z) . (10)

In turn, the first order condition for capital is simply:

Y (7) Yt
zt:akt o) :ak—t. (11)
With Cobb-Douglas production and perfectly mobile capital, output/capital ratios are equalized
across firms. It follows that capital/labor ratios and output/labor ratios are also equalized.

Let f,: denote the firm’s marginal product of labor at ¢ (i.e., fnr = (1 — @)yi/ny). Then,
combining equations yields the following forward looking difference equation for the hiring rate:

ra1 (i) = BEiAreer | furr = wert () + 521 ()7 + prae (3)] (12)

The hiring rate thus depends on a discounted stream of the firm’s expected future surplus from the
marginal worker: the sum of net earnings at the margin, f,,;11 — w1 (7), and saving on adjustment
costs, §T¢11 (1)%.

2.3 Workers

In this sub-section we develop an expression for a worker’s surplus from employment, which becomes
a critical determinant of the outcome of the wage bargain.

Let V; () be the value to a worker of employment at firm i and let U; be the value of unem-
ployment. V; () is given by

Vi (i) = we (9) + BE A p41 [pVigr (8) + (1 = p) U] .- (13)

Note that this value depends on the wage specific to firm i, wy (i), as well as the likelihood the
worker will remain employed in the subsequent period.

To construct the value of unemployment, we first define V ; as the average value of employment
conditional on being a new worker at ¢. The subscript x is meant to denote that we are averaging
Vi (i) across new workers, i.e., workers at ¢ who were hired in period ¢ — 1. V,; is given by

My )
Voo = /0 v, (i) 2ol ) g (14)

Tt—1Mt—1
where ;1 (i)n¢—1(7) is total new workers at firm ¢ at time ¢ (i.e., hires from the previous period)
and x;_1ns_1 is total new workers at t.> Next, let b be the flow value from unemployment, taken
to be unemployment benefits. Then, U; may be expressed as

SVx,t is thus distinct from the unconditional average value of employment V; = fol Vi (7) ”:L—(:)dz However, since in
the steady state hiring rates are identical across firms and employment shares are constant, V, ; and V; are identical in
the steady state and have similar dynamics outside the steady state, up to a first order approximation. The appendix
elaborates.



U = b+ BEA i1 [5¢Veir1 + (1 — s¢) U] (15)

where, as before, s; is the probability of finding a job for the subsequent period. The value of
unemployment thus depends on the current flow value b and the likelihood of being employed
versus unemployed next period. Note that the value of finding a job next period for a worker that
is currently unemployed is V, 11, the average value of working next period conditional on being a
new worker. That is, unemployed workers do not have a priori knowledge of which firms might be
paying higher wages next period. They instead just randomly flock to firms posting vacancies.5

The worker surplus at firm 4, Hy (i), and the average worker surplus conditional on being a new

hire, H,;, are given by:

Hy (i) = Vi (1) = Ug, (16)
and
Hx,t = Vz,t - Ut- (17)
It follows that:
Hy (i) = wi (i) = b+ BEA 141 [pHi1 (3) — s¢Hyp41] - (18)

2.4 Consumption and Saving

Following Merz (1995) and others, we use the representative family construct, which gives rise to
perfect consumption insurance. In particular, the family has employed workers at all firms and
unemployed workers, representative of the population at large. The family pools their incomes
before choosing per capita consumption and asset holdings. In addition to wage income and un-
employment income, the family has a diversified ownership stake in firms, which pay out profits
II;. Finally, households may either consume ¢, or save in the form of capital, which they rent
to firms at the rate z;. Let €); be the value function for the representative household. Then the
maximization problem may be expressed as

Q= max [log(c) + BEQi41] (19)
{ct,ki+1}
subject to
ct—i—]{,‘t+1:wtnt+(1—nt)b+(2t+1_6)kt+Ht+Tt7 (20)

5There is accordingly no directed search. Note, however, that wage differentials across firms are only due to the
differential timing of contracts, which is transitory. Thus, because a worker who arrives at a firm in the midst of an
existing contract may expect a new one reasonably soon, the payoff from directed search may not be large.



where T} are transfers from the government.”
Let M = ¢, ! be the marginal utility of consumption. Then the first order necessary condition
for consumption/saving yields:

)\t = 5Et)\t+1 (Zt+1 +1-— 5) . (21)

2.5 Nash Bargaining and Wage Dynamics

We restrict the form of the wage contract to call for a fixed wage per period over an exogenously
given length of time. Though it would be undoubtedly preferable to completely endogenize the
contract structure, these restrictions are reasonable from an empirical standpoint. The payoff will
be a simple empirically appealing wage equation that is an intuitive generalization of the standard
Nash bargaining outcome. In particular, given these restrictions on the form of the contract, workers
and firms determine the contract wage through Nash bargaining.

We introduce staggered multiperiod wage contracting in a way that simplifies aggregation. In
particular, each period a firm has a fixed probability 1 — A\ that it may re-negotiate the wage.
This adjustment probability is independent of its history. Thus, while how long an individual wage
contract lasts is uncertain, the average duration is fixed at 1/(1 — ). The coefficient A is thus a
measure of the degree of wage stickiness that can be calibrated to match the data.® This simple
Poisson adjustment process, further, implies that it is not necessary to keep track of individual
firms’ wage histories, which makes aggregation simple. In the end, the model will deliver a simple
relation for the evolution of wages that is the product of Nash bargaining in conjunction with
staggered wage setting.

Firms that enter a new wage agreement at ¢ negotiate with the existing workforce, including
the recent new hires. Due to constant returns, all workers are the same at the margin. The wage
is chosen so that the negotiating firm and the marginal worker share the surplus from the marginal
match. Given the symmetry to which we just alluded, all workers employed at the firm receive
the same newly-negotiated wage.” When firms are not allowed to renegotiate the wage, all existing
and newly hired workers employed at the firm receive the wage paid the previous period.!’ As we
discussed earlier, we appeal to scale economies in bargaining to rule out separate negotiations for

"The government simply collects lump-sum taxes (negative transfers) and uses them to pay unemployment benefits.

8This kind of Poisson adjustment process is widely used in macroeconomic models with staggered price setting,
beginning with Calvo (1983).

9To be clear, with constant returns, one could either think of the firm bargaining with each marginal worker
individually or bargaining with a union that wishes to maximixe average worker surplus.

10The only research we are aware of that studies the relation between the wages of existing employees and new
hires is Bewley (1999), who finds such a link. Other studies of the cyclical behavior of wages for new hires (e.g.
Bils, 1985) do not examine the link with existing workers wages (due to data limitations) and thus do not speak to
our hypothesis. We think that explaining the facts in these studies will require introducing heterogeneity into our
framework.



worker who arrive in between contracting periods.!! Of course, the newly hired workers recognize
that they will be able to re-negotiate wage at the next round of contracting. In the benchmark
case where the contract length corresponds to just one period, wage dynamics are just as in the
conventional model and behave counterfactually as recently argued.

Let wf denote the wage of a firm that renegotiates at ¢. Given constant returns, all sets of
renegotiating firms and workers at time ¢ face the same problem, and thus set the same wage. As
we noted earlier, the firm negotiates with the marginal worker over the surplus from the marginal
match. We assume Nash bargaining, which implies that the contract wage wy is chosen to solve

max Hy (r)" J; (r)* ", (22)

where Hy (r) and J; (r) are the values of J and H for renegotiating workers and firms.

Because the contract is multi-period, we need to take into account the impact of the contract
wage on the expected future path of firm and worker surplus. Let Wtf (r) denote the firm’s dis-
counted sum of expected future wage payments over both the existing contract and subsequent
contracts and let W}/ (r) be the corresponding value of the worker’s expected wage receipts. Note
that the two values will differ in general because the firm has a longer horizon than the worker:
The firm cares about the impact of the current wage contract on payments not only to the existing
workforce, but also to new workers who enter under the terms of the existing contract. A worker,
on the other hand, only cares about wages during his or her tenure at the firm. Accordingly, let
3¢ (r) be the firm’s cumulative discount factor and A; the worker’s cumulative discount factor.
Then:

WE() = 20 () + (1= N B & P00 S (1) (23)
W () = g + (L= 2) B 2 (08)" Mot (24)
with N
D0 (r) = B 3 P () (09)" Ar (2)
D= E0 3 (A9 Arpin (2)

Observe that each term s in the firm’s cumulative discount factor depends on the expectation of

the product of three factors: the employment size at firm ¢ + s relative to time ¢, n;;;s (r), the

"Tn addition to scale economies in bargaining, there are several complementary justifications for why hires in
between contracts receive the existing contract wage. First, as we noted earlier, Bewley (1999) argues that internal
equity constrains workers of similar productivity to receive similar wages. Second, Menzio and Moen (2006) show
how asymmetric information can link the wages of new and existing workers. Third, consistent with Hall (2005a),
one might interpret the existing contract wage as the “wage norm” for workers hired in between contracts.

10



probability the contract survives to ¢t + s, A*, and the households’ discount factor, B°A 4. It is

similar for the worker, except the survival probability p° replaces the relative employment size.
Nt+s
o
the worker. This simply reflects that, unlike the worker, the firm cares about the implications of

Since on average (r) exceeds p*, the firm places relatively more weight on the future than does

the contract for new workers as well as existing ones.
The appendix shows that for renegotiating firms and workers we can write

X n K
T r) = B 3 SoEE )8 At [ fues = oes (0] =W ) (27)
and ~
Hy(r) =W (r) —Ee > (pB)° Ags [b+ St450M it ts+1Ha 4541 - (28)

s=0
Equation (27) is obtained by combining the hiring rate condition with the expression for the shadow
value of a worker to the firm Ji(r) given by equation (9). Intuitively, given constant returns and
given the hiring rate is chosen optimally, the surplus of the marginal worker at t may be expressed
as discounted profits per worker at t, where the term n;—js(r) enters the discount factor to adjust
for relative changes in firm size in the future. In turn, the marginal worker’s surplus, Hy (1),
depends on the expected discounted value of wage payments, net the discounted sum of flow value of
unemployment, b, plus expected discounted surplus of moving from unemployment to employment,

St+sﬁAt,t+s+1Hz,t+s+1~
The solution to the Nash bargaining problem, then, is

nAey (1) = (1 —n) X (r) He (1), (29)

where Ay = 0Hy (r) /Ow; is the effect of a rise in the contract wage on worker surplus, while
Yt (r) = —0J; (r) /Owf is minus the effect of a rise in the contract wage on firm surplus. Since on
average Y (1) > Ay, shifts in the contract wage have a larger impact in absolute value on firms
surplus than on worker surplus. This contrasts with the conventional case of period-by-period
bargaining, where the two effects are of identical absolute values (since the future is irrelevant in
this case.)

It is possible to rewrite equation (29) as

Xt (1) Ji (r) = (1= x; (r)) He (r) (30)

with .
x(r) = n+(L—n)% (r) /A (3D

Equation (31) is a variation on the conventional sharing rule, where the relative weight x, (r)

depends not only on the worker’s bargaining power 7, but also on the differential firm/worker
horizon, reflected by the term ¥ (r) /A;. Note that in the limiting case of A = 0, 3; (r) /A; = 1
and y; (r) = 7, as in the conventional case of period-by-period wage bargaining. With A > 0,

11



however, y; (r) is less than 1 on average (since ¥ (r) /A; exceeds unity on average). Intuitively,
since movements in the contract wage have a larger impact on discounted firm surplus than on
worker surplus, the “horizon effect” works to raise the effective bargaining power of firms from
1—ntol—x,(r).?

As the appendix shows, combining equations yields the following first order forward looking
difference equation for the contract wage:

Apwi = wf (r) + pABE A 1181wy 1, (32)

where the forcing variable wy (r) can be thought of as the “target” wage and is given by

wy (r) = x; () (fnt + gﬂvt (7’)2> + (1= x¢ (1) (b+ stBE At 111 He 141) - (33)

Observe that the target wage has the same form as the wage that would emerge under period-by-
period Nash bargaining, though with an adjustment for the horizon effect. In particular, it is a
convex combination of what a worker contributes to the match and what the worker loses by ac-
cepting a job, where the weights depend on the worker’s relative horizon-adjusted bargaining power
X: (1) . The worker’s contribution is the marginal product of labor plus the saving on adjustment
costs. With our quadratic cost formulation, this saving is measured by 5 (r)z. The foregone ben-
efit from unemployment, in turn, is the flow value of unemployment, b, plus expected discounted
gain of moving from unemployment this period to employment next period, s;8A¢4+1Hz t+1-

As in the conventional literature on time-dependent wage and price contracting (Taylor, 1980
and Calvo, 1983), the contract wage depends on an expected discounted sum of the target under
perfectly flexible adjustment, in this case wy (r) . Iterating equation (32) yields

[o¢]
wzi,k =E; 2_:0 ¢t,t+swto+s (T) (34)
with ( )\B)S A
14 tt+s
s — o) ’s 35
Ot By 2o (pAB) Av s (35)

Observe that in the limiting case of period by period wage negotiations, i.e., when A\ = 0, wj
converges to wy () .

A significant difference from the traditional literature on wage contracting, however, is that
spillover effects emerge directly from the bargaining problem that have the contract wage depend
positively on the economy-wide average wage. As we show in section 3, these spillover effects emerge
because the average wage affects the two key determinants of the target wage, w{ (r): the expected
discounted surplus of moving from unemployment to employment, s;8A¢41H; ¢+1, and the hiring
rate, x4 (r) . Through both these channels, the spillover works to enhance wage rigidity.

12We thank Larry Christiano for pointing out to us that in an earlier version of the paper we had not properly
taken into account the impact of the “horizon effect” on the bargaining problem.
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Finally, the average wage across workers is given by

1 ng 7 .
wy = / wy(i) D g (36)
0

uz

Since the fraction of firms that re-negotiate contracts is a random draw across the population and
since all firms that renegotiate at ¢ choose the same contract wage wy, by the law of large numbers
we can express the wage index as

1 .
we = (1 — A)w! + A /0 w1 (i) n;(;)di (37)

where 1 — A is the fraction of firms who are re-negotiating and A is the fraction who are not. The
average wage is thus a convex combination of the contract wage, w;, and the average wage across
the population of firms that do not re-negotiate, given by the integral in the second term. As we
show below, up to a first order, this integral can be approximated by last period’s average wage,

13
Wt—1-

2.6 Resource Constraint

We complete the model with the following resource constraint, which divides output between con-
sumption, investment and adjustment costs:

1
Yy = ¢t + kt+1 — (1 — 5) ks + g / .’I}t(’l)2nt(l)dl (38)
0

This completes the description of the model.

3 Wage/Hiring Dynamics and Spillover Effects

To gain some intuition for the model, we next derive loglinear equations for wages and hiring. In
doing so, we identify the spillover effects that make the wage bargain sensitive to the average wage
in a way that works to enhance wage rigidity. We also clarify how the horizon effect that emerges
because firms and workers weight the future differently affects the bargaining outcome.

We begin by deriving an expression for the target wage, wy (r), the forcing variable in the
difference equation for wages. Loglinearizing the target wage equation (33) gives

wy (r) = (‘anﬁzt + Tt (7”)) + o Ey (§t + Hy1 + Kt,t+1> + @ X (1) 5 (39)

"Since each w;—1(i) is weighted by n¢(i)/n; and not ns—1(4)/ns—1, fol wt_l(i)”;—(:)di is not quite identical to
w—1. However, given that the employment shares are constant in the steady state, the dynamics of this integral are
equivalent to the dynamics of w;—1, up to a first order.
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where ¢, = xfaw ™!, 0, = xwzPw™l, o, = xskxw T, o, = x [fo+ (k/2) 2 —b—sfH]w .
Note that Z denotes the percent deviation of variable z from its steady state value and the coefficients
are either parameters or steady state values of variables.'?

The first two terms in parentheses in equation (39) reflect factors that move the target wage
in the case of conventional period-by-period bargaining. The first captures the variation in the
marginal worker’s contribution to firm value. The second captures the variation in the worker’s
forgone benefit from unemployment. In addition to these conventional factors, however, the target
wage is also influenced by the horizon effect on bargaining that arises with multi-period contracting.

The horizon effect influences @w¢ (r) in two ways. First, movements in the conventional factors
that cause w{ (r) to vary are multiplied by the steady state horizon-adjusted bargaining weight,
x = n/ln+ (1 —n)3/A], as opposed to the pure weight 7. As we noted in the previous section,
this adjustment in effect raises the relative weight assigned to firms, leading to workers grabbing a
smaller share of the variation in the surplus. (Note x < 7). Second, the horizon adjusted bargaining
weight x, (r) may vary, leading to a direct influence on @w¢ (1), as captured by the third term in
equation (39). Specifically, loglinearizing equations (25), (26) and (31), yields:

Re(r) == (1= (S 0) - &), (40)

with R R R
Yi(r) = xABTe(r) + \BE} (At,t+1 + X (7”)) ; (41)
Ay = pABE; <Kt,t+1 + £t+1> . (42)

In particular, y; (r) may vary due to relative movement in the firm and worker cumulative discount
factors, ¢ (r) and Ay, respectively. Note that 3;(r) depends on the hiring rate Z(r), since the
latter influences the firm’s subsequent employment relative to current employment, one of the
determinants of its cumulative discount factor. (See equations (6), (7) and (25)).

Observe that as we move to the limiting case of flexible wages (A = 0), the horizon effect
disappears: x; (r) becomes a constant equal to n. The variation in the target wage then corresponds
to the conventional outcome for period-by-period Nash bargaining.

While the horizon effect adds a new dimension to the bargaining problem, it is important to
stress that it is unlikely to be quantitatively important. As we show in the next section, given a
monthly job survival probability p that is consistent with the evidence, the difference between the
firm and worker cumulative discount factors is not sufficiently large for the horizon effect to have
a significant effect on the outcome. In this instance, the steady state horizon-adjusted bargaining
weight x does not differ much from the primitive bargaining weight 7. Nor does x; (r) vary much.

We next turn to analyzing the spillover effect of market wages on the wage bargain. It turns out
that there is both a direct and indirect spillover effect. The direct effect arises because the worker’s

YSince up to a first order approximation PAIx,H_l = Hy 41, we drop the subscript = (see the appendix).
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outside option depends on the wage he or she can expect to earn elsewhere. As the appendix
shows, by making use of the Nash bargaining condition at ¢ + 1 and the period ¢ vacancy posting
condition, the discounted surplus of moving from unemployment today to employment next period,
conditional on finding a job, may be expressed in loglinear form as

By (Hypr + Regn ) =B+ (1= %)™ By + By (@41 — B71) (43)

where
= (1-an¥)n tew,

with ¥ = SA?/ (1 - ,B)\2), Y=(1- 5)\)_1, and € = B(m:)_l. Note that since the steady state
hiring rate z is a number close to zero, under any reasonable calibration, the slope coefficient I is
positive.

Intuitively, E; fItH + Kt7t+1 depends positively on the current hiring rate Z; since the latter
varies positively with the expected marginal surplus from labor at t+1. It also depend positively on
a worker’s expected bargaining power next period E;X;,,. The spillover effect, however, emerges
in the third term, which depends positively on the difference between the expected average market
wage I;wiq1 and the contract wage Eywyf, . If, everything else equal, w1 exceeds Eywyf, q,
opportunities are unusually good for workers expecting to move into employment next period, and
vice-versa if Fyw;,1 is below Eywf, ;. By influencing the worker’s outside option in this way, the
expected average market wage at ¢ + 1 induces a direct spillover effect on the wage bargain.

The indirect spillover emerges because the hiring rate of the renegotiating firm affects the
bargaining outcome. It does so by influencing both the firm’s saving in adjustment costs and the
horizon-adjusted bargaining weight (because it affects the firm’s cumulative discount factor.) The
difference between hiring rate 7, (r) and average hiring rate z; depends positively on the difference
between the average market wage w; and the contract wage wy:

B (r) = Ty + AeXw (@ — @) . (44)

The dependency of the hiring rate on the wage gap thus introduces an indirect spillover of market
wages on the bargaining problem.

Let wy be the target wage absent the spillover effects. Then combining equations (39), (43),
and (44), we can express Wy (r) as the sum of @) and the direct and indirect spillovers:

" " T1 N . To .
- —1 E — —2 (@ — 45
Wy (’I”) Wy + 1— p>\,3 t (wt+1 wt-‘rl) + 1— p>\,3 (wt wt)7 ( )

with
W) = Qppfut + (Pn +05) Tt + 05+ 0, X + (1= ) 0 EiXet1, (46)

and where 71 and 7o capture the direct and indirect spillovers, respectively
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1 = ¢, (1-pAB), (47)
Ty = [gpz)\ — iy (1= x) x\Il] eXw (1 — pAB).

Note that absent the adjustment for the horizon effect on bargaining (captured by x, X; and E¢X; 1),
wy would be precisely the wage under period-by-period Nash bargaining. It is also worth empha-
sizing now that, given our calibration, the direct spillover effect captured by 71 is quantitatively
more important than the indirect effect captured by 72. We report their values in the appendix.
Next, loglinearizing the equation for the contract wage and combining with the equation above
yields the contract wage as a first order forward looking difference equation, with the target wage
as the forcing variable:
wy = (1= pAB) Wi (r) + pABE w4 (48)

The loglinearized wage index is in turn given by
Wy = (1 = N) Wy + A\Wg_1. (49)

Combining these equations along with the relation for w¢(r) (equation (45)) then yields the
following second order difference equation which governs the evolution of the wage:

Wy = YpWe—1 +YWs + 7 Erlpg1, (50)
where
T o= (L+72)¢7" (51)
o= ot

v o= (pB—T1)0 "
¢ = 1l+10+c+p8—71
¢ = (1=N(1-pAg)at

with 7, + v+ v = 1. Note the forcing variable in the difference equation is the “spillover free”
target wage w{ (see equation (46)).

Due to staggered contracting, w; depends on the lagged wage w;_1 as well as the expected
future wage Fywiy1. Solving out for the reduced form of equation (50) will yield an expression
that relates the wage to the lagged wage and a discounted stream of expected future values of wy.
Note that the spillover effects, measured by 71 and 79 work to raise the relative importance of the
lagged wage (by raising ;) and reduce the importance of the expected future wage (by reducing
v¢)- In this way, the spillovers work to raise the inertia in the evolution of the wage. In this
respect, the spillover effects work in a similar (though not identical) way as to how real relative
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price rigidities enhance nominal price stickiness in monetary models with time-dependent pricing
(see, for example, Woodford, 2003).

Note also that as we converge to A = 0 (the case of period by period wage bargaining), both -,
and v go to zero), implying that w; simply tracks @ in this instance. Further, as we noted earlier,
wy, becomes identical to the wage in the flexible case. The model thus nests the conventional
period-by-period wage bargaining setup.

Finally, loglinearizing the difference equation for the hiring rate (12) and aggregating economy-
wide yields:

Ty = Et]\t,tﬂ +e€ (fnﬁzt-&-l - QUEt@tH) + BE T4 1. (52)

The hiring rate thus depends on current and expected movements of the marginal product of labor
relative to the wage. The stickiness in the wage due to staggered contracting, everything else equal,
implies that current and expected movement in the marginal product of labor will have a greater
impact on the hiring rate than would have been the case otherwise.

We defer to the appendix a complete presentation of the loglinear equations of the model.

4 Model Evaluation

4.1 Calibration

We choose a monthly calibration in order to properly capture the high rate of job finding in U.S.
data. Our parametrization is summarized in Table 1. There are ten parameters to which we need
to assign values. Four are conventional in the business cycle literature: the discount factor, 3, the
depreciation rate, d, the “share” parameter on capital in the Cobb-Douglas production function,
a, and the autoregressive parameter for the technology shock, p,. We use conventional values for
all these parameters: 8 = 0.99%, 0 =0.025/3, « = 0.33, and p, = 0.953. Note in contrast to the
frictionless labor market model, the term 1 — « does not necessarily correspond to the labor share,
since the latter will in general depend on the outcome of the bargaining process. However, here we

simply follow convention by setting a = 0.33 to facilitate comparison with the RBC literature.!?

15Note that while 1 — o does not correspond to the labor share, o corresponds to the capital share.
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Table 1: Values of parameters |

Production function parameter a 0.33
Discount factor 68 0.997
Capital depreciation rate 6 0.008
Technology autoregressive parameter pPa 0.983
Survival rate p 0.965
Elasticity of matches to unemployment o 0.5
Job finding probability s 045
Bargaining power parameter n 0.5
Relative unemployment flow value b 0.4
Renegotiation frequency A 0.889

There are an additional five parameters that are specific to the conventional search and matching
framework: the job survival rate, p, the matching function parameter, o, the bargaining power
parameter, 7, the steady state job finding probability, s, and the relative unemployment flow value,
b, equal to the ratio of the unemployment flow value, b, to the steady state flow contribution of the
worker to the match, f,, + %a:2. We choose the average monthly separation rate 1 — p based on the
observation that jobs last about two years and a half. Therefore, we set p =1 — 0.035. We choose
the elasticity of matches to unemployment, o, to be equal to 0.5, the midpoint of values typically
used in the literature.'® This choice is within the range of plausible values of 0.5 to 0.7 reported by
Petrongolo and Pissarides (2001) in their survey of the literature on the estimation of the matching
function. We then set s = 0.45 to match recent estimates of the U.S. average monthly job finding
rate (Shimer, 2005a).

To maintain comparability with much of the existing literature, we set the bargaining power
parameter 1 to be equal to 0.5.'7 One of the few studies that provides direct estimates is Flinn
(2006), who finds a point estimates of 0.4, close to the value we use. An additional justification,
however, is that n = 0.5 implies a steady state labor share of 0.65, which is consistent with the
long run average of the labor share in the data. Finally, we note that n = 0.5 in conjunction with
o = 0.5 ensures the efficiency of the equilibrium in the flexible version of the model (Hosios, 1990).

Perhaps most controversial is the choice of b. We follow much of the literature by assuming that
the value of non work activities is far below what workers produce on the job (see Hall, NBER
Macroannual, 2005, p. 121, for a brief discussion). In particular, we specifically follow Shimer

'5The values for o used in the literature are: 0.24 in Hall (2005a), 0.4 in Blanchard and Diamond (1989), Andolfatto
(1994) and Merz (1995), 0.45 in Mortensen and Nagypal (2006), 0.5 in Hagedorn and Manovskii (2006), 0.5 in Farmer
(2004), 0.72 in Shimer (2005a). See also a brief discussion in Mortensen and Nagypal (2006), p. 10, comparing their
value of 0.45 to Shimer’s one.

'"In the literature the bargaining power has been typically set either to satisfy the Hosios (1990) condition or to
achieve symmetric Nash barganing (equally shared surplus). This has led most researchers to set values in the range
0.4 to 0.5. Shimer (2005a) uses the somewhat larger value of 0.72.
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(2005a) and Hall (2005¢) and set b = 0.4. Under the interpretation of b as unemployment benefits,
this parametrization implies a steady state replacement ratio of 0.42 (since the steady state ratio
of the wage to the worker’s contribution to the job is 0.956.)

We next observe that given the parameter values chosen so far, the steady state of the model
pins down both the adjustment cost parameter, k, and the steady state values of the labor share,
the unemployment rate and the hiring rate (see the appendix.). Table 2 gives these values, along
with the steady state consumption and investment shares. Note that as we discussed in the previ-
ous section, the horizon adjusted bargaining parameter x does not vary much from the primitive
parameter 1 (0.44 versus 0.50).

| Table 2: Implied steady state values

Unemployment rate uw  0.07
Hiring rate xz 0.035
Horizon-adjusted bargaining power x  0.44
Labor share ls 0.65
Investment /output ratio é 0.24
Consumption/output ratio 5 0.75
Adjustment costs/output ratio % 0.01

Finally, there is one parameter that is specific to this model: the probability A that a firm may
not renegotiate the wage. We pick A\ to match the average frequency of wage contract negotiations.
While there is no systematic direct evidence on the frequency of wage negotiations, Taylor (1999)
argues that in most medium to large sized firms wages are typically adjusted once per year. He also
argues that this pattern characterizes union workers as well as non-union workers, including in the
latter workers who do not have formal employment contracts. In addition, based on microeconomic
data on hourly wages, Gottschalk (2005) concludes that wage adjustments are most common a
year after the last change. This evidence, of course applies primarily to base pay. There are,
however, other components such as bonuses that might be adjusted more frequently over the year,
though it is very unclear how important these adjustments might be in practice. Nonetheless, to be
conservative, for our baseline case we set A = 1—1/9, implying that wage contracts are renegotiated
on average once every 3 quarters. We then consider the case of a 4 quarter average contract length
as a robustness exercise.

4.2 Results

We judge the model against quarterly U.S. data from 1964:1-2005:1. For series that are available
monthly, we take quarterly averages. Since the artificial series that the model generates are based
on a monthly calibration, we also take quarterly averages of this data.
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Most of the data is from the BLS. All variables are measured in logs. Output y is production
in the non-farm business sector. The labor share Is and output per worker y/n are similarly from
the non-farm business sector. The wage w is average hourly earnings of production workers in
the private sector, deflated by the CPI. Employment n is all employees in the non-farm sector.
Unemployed u is civilian unemployment 16 years old and over. Vacancies v are based on the help
wanted advertising index from the Conference Board. Finally, the data are HP filtered with a
conventional smoothing weight.

We examine the behavior of the model taking the technology shock as the exogenous driving
force. To illustrate how the wage contracting process affects model dynamics, we first examine
the impulse responses of the model economy to a unit increase in total factor productivity. The
solid line in each panel of Figure 1 illustrates the response of the respective variable for our model.
For comparison, the dotted line reports the response of the conventional flexible wage model with
period-by-period Nash bargaining (obtained by setting A = 0).

Observe that in the conventional case with period-by-period wage adjustment, the response of
employment is relatively modest, confirming the arguments of Hall and Shimer. There is also only
a modest response of other indicators of labor market activity, such as vacancies, v, unemployment
u, labor market tightness, # = v/u, and the hiring rate z. Wages, by contrast, adjust quickly.
The resulting small adjustment of employment leads to output dynamics that closely mimic the
technology shock.

By contrast, in the model with staggered multiperiod contracting, the hiring rate jumps sharply
in the wake of the technology shock along with the measures of labor market activity. A substantial
rise in employment follows, certainly as compared to the conventional flexible wage case. Associated
with the rise in employment, is a smooth drawn out adjustment in wages, directly a product of
the staggered multiperiod contracting. The lagged rise in employment leads to a humped shaped
response of output, i.e., output continues to rise for several periods before reverting to trend, in
contrast to the technology shock which reverts immediately.

We next explore how well the model economy is able to account the overall volatility in the
data. Table 3 reports the standard deviation, autocorrelation, and contemporaneous correlation
with output for the nine key variables in the U.S. economy and in the model economy. The standard
deviations are normalized relative to output.

Overall the model economy for the baseline case (3 quarters) appears to capture well most of
the basic features of the data. It comes reasonably close to capturing the relative volatilities and
co-movements of the key indicators of labor market activity, including unemployment u, vacancies v
and the tightness measure 6. These were the variables emphasized in the Hall/Shimer analysis. The
model only captures about sixty percent of the relative volatility of employment. However, here it is
important to keep in mind that the framework abstracts from labor force participation, a non-trivial
source of cyclical employment volatility. (We also emphasize that perhaps for this consideration,
the papers in literature typically avoid reporting statistics on employment volatility.)
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Table 3: Aggregate Statistics |

Yy w ls n U v 0 y/n

US Economy, 1964:1-2005:01
Relative Standard Deviation 1.00 0.52 0.51 0.60 5.15 6.30 11.28 0.61
Autocorrelation 087 091 073 094 091 091 091 0.79
Correlation with y 1.00 0.56 —-0.20 0.78 —-0.86 0.91 0.90 0.71

Model Economy, A — 3Q
Relative Standard Deviation 1.00 0.56 0.57 0.35 4.46 5.83 9.88 0.71
Autocorrelation 0.84 095 065 090 090 0.83 0.88 0.76
Correlation with y 1.00 0.66 —-0.56 0.77 —-0.77 091 0.94 097

Model Economy, A — 4@
Relative Standard Deviation 1.00 0.47 0.58 0.44 5.66 7.25 12.47 0.64
Autocorrelation 0.85 0.96 0.68 091 091 08 0.90 0.74
Correlation with y 1.00 0.56 —-0.59 0.78 —-0.78 094 095 0.95

A distinguishing feature of our analysis is that we appear to capture wage dynamics. Note that
we come very close to matching the relative volatility of wages (0.56 versus 0.52 in the data), their
autocorrelation (0.95 versus 0.91 in the data) and the contemporaneous correlation of wages with
output (0.66 versus 0.56 in the data).

As we noted earlier, we assumed three quarter average length wage contracts for our baseline
case to error on the side of caution, even though the evidence suggests that the modal period of
wage adjustments is one year. In the bottom panel of Table 3 we also report statistics based on four
quarter average length wage contracts. Interestingly, the performance of the model improves overall.
Not surprising, the enhanced wage rigidity raises the volatilities of the labor market variables. In the
end, the model tracks the relative volatilities and co-movements of the key labor market variables,
u,v, and 0 as well as in the baseline case. The model, however, is also now able to capture nearly
three quarters of the relative volatility of employment.

We next consider several variations of the model designed to illustrate what features are im-
portant. First, as we also discussed earlier, the inertia in wage dynamics is not simply a product
of staggered multi-period contracting, but also of the spillover effect of economy-wide wages on
the individual wage bargain that arises in this kind of environment. To quantify the importance
of these spillovers for model dynamics, we simulate the model eliminating the spillover effects on
wage dynamics. In particular, we set equal to zero the parameters 71 and 79, which govern the
magnitude of the spillover effect, in equations (50) and (51).
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Table 4: The Spillover Effect and Other Robustness Exercises |

Relative Standard Deviations

Y w ls n u v 0 y/n
Model Economy 1.00 0.56 0.57 0.35 4.46 5.83 9.88 0.71
Model Economy - No Spillover 1.00 0.70 048 0.18 235 3.18 525 084
Model Economy - Flexible Wages 1.00 0.88 0.09 0.10 1.25 1.58 274 0.93

Flexible Wages - Standard Hiring Costs  1.00 0.93 0.02 0.06 0.72 1.01 1.63 0.95

Model Economy - No Horizon Effect 1.00 0.3 0.53 0.39 5.13 6.70 11.37 0.67

Table 4 reports the results. As the table makes clear, eliminating the spillovers significantly
enhances wage flexibility and reduces employment volatility. When the spillovers are removed, the
relative volatility of wages jumps nearly fifty percent, from 0.56 to 0.70 . Conversely, the relative
volatility of employment is reduced roughly in half, from 0.35 to 0.18. The other measures of labor
activity u, v and @ similarly fall by about half. Overall, the spillovers are responsible for about
a half of the added rigidity in wages relative to the flexible benchmark model and for about two
thirds of the added volatility in the labor market. Thus, the wage inertia and resulting employment
dynamics in our model are not only a product of staggered multiperiod wage contracting, but also
of the spillover effects from the Nash bargaining process.

The next two rows of the table makes clear that our assumption of quadratic adjustment costs
is not responsible for the ability of our baseline model to account for the key moments of the data.
The model with flexible wages and quadratic adjustment costs performs about as poorly as the
conventional formulation with proportional hiring costs. It is thus the presence of staggered wage
contracting in conjunction with the spillover effects that account for the results in Table 3.

The last row of Table 4 presents information on the importance of the horizon effect on the
wage bargain. The row presents the model statistics for our baseline case, but with the horizon
effect shut off (i.e., x; () fixed at n). The relative volatilities remain close to those arising in the
baseline case. Thus, as we conjectured, the horizon effect is not that important quantitatively.

Finally, it is interesting to compare our analysis with Hagedorn and Manovskii (HM, 2006).
They find from micro data that the wage elasticity with respect to labor productivity is 0.47. As
we noted earlier, they choose parameters to have the model match this elasticity. To do so, they
require a very low value of 7, the bargaining power of workers, and a very high value of b, the relative
steady state flow value of unemployment, as compared to what is conventional in the literature. In
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particular, they require n very close to zero, well below the conventionally used value of 0.5, as well
as Flinn’s (2006) estimate of 0.4. In addition they require b close to unity, well above Shimer (2005a)
and Hall’s (2005c) preferred value of 0.4. A value of b close to unity, of course implies that workers
are nearly indifferent between employment and unemployment. The overall calibration effectively
makes labor supply highly elastic, enabling the model to have large employment movements with
moderate wage adjustments. Nonetheless, while the HM framework is able to account for labor
market volatility, the resulting calibration is not without controversy.®

Interestingly, we find from our macro data that the wage elasticity with respect to labor pro-
ductivity is 0.53, which is very close to the estimate that the authors obtained from micro evidence.
However, as we suggested earlier, we stick with conventional values of n and b, and instead introduce
wage sluggishness by appealing to staggered multi-period contracts. Further, as opposed to picking
parameters to match the wage elasticity, we calibrate the average duration of wages contracts to
match the evidence. We then ask how well the model explains the wage elasticity (along with other
volatilities.) It turns out the model does very well on this accounting, generating a wage elasticity
of 0.50, nearly identical to what our data suggests.

In addition, as we observed in Table 3, our model does well at explaining the overall cycli-
cal volatility of wages, including the co-movement with aggregate activity as well as the relative
volatility. On the other hand, the HM model does not do well on this dimension, even though it is
calibrated to match the wage elasticity with respect to productivity. How can this be? Note that
since this elasticity, el(w,p), is effectively a regression coefficient from the regression of log wages
on log productivity it equals the product of the correlation corr(w,p) and the relative standard
deviations ¢, /0,. Since the HM calibration only fixes the product of these two moments, it needs
not do well at matching them individually. This turns out to be the case, as we show next.

Table 5 compares values of el(w,p), corr(w,p) and o,,/0, against U.S. data for three models:
the conventional Mortensen and Pissarides model (with capital), the framework based on the HM
calibration, and our baseline model with staggered wage contracting (GT). While the HM model
captures el(w,p) by construction, it misses badly on the other two moments. The correlation
between wages and productivity is too high (unity versus 0.62 in the data) while the relative
volatility of wages is too low (0.49 versus 0.85). The former outcome is due to the period by
period Nash bargaining that ties aggregate wage movements to current period productivity. The
latter result arises from the low bargaining power of workers which forces their wages close to
their reservation values. Thus while the HM model by construction matches el(w, p), it does so by
inducing offsetting errors in corr(w, p) and oy,/0,.

81n addition to having values of 17 and b that are at variance with the literature, Hornstein, Krusell and Violante
(2005) note that the HM calibration implies suspiciously large employment effects from changes in unemployment
insurance.
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Table 5: Wages and Labor Share Statistics |

el(w,p) corr(w,p) ow/op

U.S. data 0.53 0.62 0.85
MP baseline 0.98 1.00 0.98
HM 0.49 1.00 0.49
GT 0.50 0.62 0.80

el(ls,p) corr(ls,p) o15/0p

U.S. data -0.50 -0.60 0.83
MP baseline  -0.02 -0.96 0.02
HM -0.51 -1.00 0.51
GT -0.51 -0.64 0.80

By contrast, our model does well at matching not only the wage elasticity but also the correlation
of wages and productivity, as well as the relative volatility. The staggered contract structure works
to dampen the correlation between productivity and wages. At the same time, because workers
have more bargaining power than in the HM calibration, wages are more sensitive to productivity
movements, permitting the model to match the data. Again, we stress that our model is calibrated
to match the average duration of contract lengths. It is therefore not by construction that we match
the wage elasticity, in contrast to HM.

Finally, the bottom part of Table 5 shows that similar conclusions apply for the volatility of the
labor share. While the HM model does not explain all the relevant moments well, our framework
does.

5 Bargaining Set

A key maintained hypothesis in our analysis is that workers and firms can expect that they will not
want to voluntarily dissipate their relationship over the life of their relationship. This assumption
simplifies how both parties form expectations when they enter relationships. Here we demonstrate
that this condition holds to a reasonable approximation. Put differently, under our parametrization,
wages have a negligible probability of falling outside the bargaining set. Intuitively, given our
Poisson process for contract adjustment, only a very small fraction of contracts will have a duration

sufficiently long for the wage to move out of the bargaining set.!?

9Note that we could have instead employed a “truncated” Poisson process where the probability of renegotiation
is Poisson for N periods and then unity for any contract that has lasted N periods. Assuming N is not too large -
say 40 months (see below) - then we could guarantee firms never go out of the bargaining set with certainty. Given
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Note first that the lower and upper limits of the bargaining set are given by, respectively, the
reservation wage of the marginal worker and the reservation wage of the firm?’. These limits
will depend on the time elapsed since the firm has last negotiated a contract, denoted by 7. The
appendix derives loglinear expressions for the worker reservation wage, denoted R}’ (7), and the firm
reservation wage, denoted R{ (7). Given these expressions we can then check whether a contract
wage set 7 periods earlier, wf (7), lies within the bargaining set, i.e., whether, R} (1) < wf (1) <
R{ (1).

We emphasize first that for the typical firm in the midst of a contract, the bargaining set is quite
wide. Figure 2 displays a time series of the bargaining set (based on artificial time series generated
by the model), for firms on a contract that has been in place for three quarters, the average length.
Note that the contract lies safely within the bargaining set throughout the time series.?!

It is possible, however, that a small fraction of firms could stay on contracts well beyond the
average length. Thus, we need to determine a threshold value for contract duration 7, where the
contract wage still remains in the bargaining set. Note that the probability that a contract will last
more than 7 periods is given by the per period probability the contract will not be renegotiated,
A, raised to the 7 power, i.e., \". Given the law of large numbers, this will also correspond to
the percentage of existing contracts that have lasted more than 7 periods. This percentage thus
declines exponentially with .

We pick a threshold value for 7 such that the fraction of contracts outstanding that have lasted
more than 7 periods is 0.0089 (a number less than one percent). We then check for the ninety nine
percent plus of contracts that have lasted 7 periods or less, whether the contract wage remains in
the bargaining set. If this is the case, then we argue that violations of our maintained hypothesis
are negligible from a quantitative standpoint.

Specifically, we set 7 to satisfy A7 = (1 —1/9)" = 0.0089, which leads to a value 7 equal to
40 (months). We then generate artificial times series from our model and ask whether the wage
lies within the bargaining set for contracts of duration 40 months or less. Figure 3 displays the
results. For our cutoff, the wage is always in the bargaining set. We therefore conclude that for
99.11 percent of firms this condition is satisfied.

While the wage lies safely within the bargaining set for firms on contracts that have lasted
three quarters, for (the small fraction of) firms that have been for 40 months, the boundaries
of the bargaining set vary much closer to the wage. What this suggests is that if one wishes to
add idiosyncratic shocks, it may be necessary to alter the simple binomial process for contract
adjustment, where a small fraction of firms can remain indefinitely on the contract, by imposing a
terminal length that any contract can survive.

our calibration, however, the truncated Poisson generated results nearly identical to what our simple Poisson process
gives. The gain from using the simple process is that the algebra stays simple.

20Note that all workers with the firm will have the same reservation wage, regardless of whether they are new or
old.

2! Note that in figures 2 and 3 wages are plot in levels.
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6 Concluding Remarks

We have modified the Mortensen and Pissarides model of unemployment dynamics to allow for
staggered multiperiod wage contracting. What emerges is a tractable relation for wage dynamics
that is a natural generalization of the period-by-period Nash bargaining outcome in the conventional
formulation. An interesting side-product is the emergence of spillover effects of aggregate wages
that influence the bargaining process. We then show that a reasonable calibration of the model
can account reasonably well for the cyclical behavior of wages and labor market activity observed
in the data. The spillover effects turn out to be important in this respect.

As we noted earlier, in addition to the presence of the spillover effects, another important
difference from existing macroeconomic models that rely on staggered multiperiod wage setting (e.g.
Christiano, Eichenbaum and Evans (2005), Smets and Wouters (2003)) is that in our framework
wages affect the adjustment of employment along the extensive margin, as opposed to the intensive
margin. As Hall has recently emphasized, for adjustment on the intensive margin, wages may not be
allocational, as originally argued by Barro (1977). The same criticism, however, does not apply to
adjustment on the extensive margin. For this reason it may be interesting to consider our approach
with employment adjustment along the extensive margin as a way to shore up a potential weakness
of these conventional macroeconomic models. Trigari (2004) and Walsh (2005), for example, have
integrated the search and matching framework within a monetary model that has many of the same
features as these models, including nominal price stickiness. In their framework, though, there is
period-by-period wage bargaining. We think it may be straightforward to extend their analysis by
incorporating our model of staggered wage contracting. We expect that doing so will improve the
overall empirical performance.
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APPENDIX A
A1l. Sum of expected future wages for a worker at a firm renegotiating at ¢, W} (r)

o Let W (r) denote the discounted sum of expected future wages to be received by a worker
over the life of the relationship at a firm renegotiating at ¢:

o0

W (r) = E Z:o (105)8 Ag i sWips (7)

= w; (1) + (pB) ErAgr1wirr (1) + (pB)? ErArgrowisa (1) + ...

e At a firm renegotiating at time ¢, the current and future expected wages are given by:

Etthrl (T‘) = )\'LU:: + (]. — )\) Etw;+1
Euwio (r) = A[w)+ (1= X) Bawf] + (1= N) Bawfy,
= Nwf +A(1 =) Bawfyy + (1= X) Bawys
and so on....
e Using these expressions, we can write:
Wi (r) = wy
+(pB) Exl i1 Moy + (1= A) wiyq]

+(pB)? EMyyy2 [Nwf + A (1= N wig + (1= X)) wyy)
+...

e Collecting terms:

W2 (r) = Ep |1+ (pAB) Avis1 + (pBN? Avgyo + .| w)
+ (1= A) (pB) At 41 [1 + (PAB) Aps1 vz + (PAB)? Apsies + ] Wy

+(1=X\) (pB)? EtMs 1o [1 + (pAB) Atrap43 + (PAB)? Apyopra + } (AP
+...

e Letting .
Ay = Ey Z (,0/\5)8 At tys

s=0
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we have

Wi (r) = Awy
+ (1= A) (pB) EtAt 11 Aer1wi g4
+(1=X) (pB)? EtApiroDrow) s
+...

e Finally, rearranging:
oo

W (r) = Agywf + (1= N) Bt - (pB)° Mgt sDrgswyy
s=1

A2. Sum of expected future wages for a firm renegotiating at ¢, Wtf (r)

o Let Wtf (r) denote the discounted sum of expected future wage payments by a firm renegoti-
ating at t over both the existing contract and subsequent contracts:

O Nyts 5
Wil (r) = EtEO ;Jtr (1) B° At gy swirs (1)
s=

n n
= W (7’) + Et :;:1 (7") 6At7t+1wt+1 (7’) + Et ;;:2 (T) B2At7t+2wt+2 (7’) + ...

e Using the expressions for the future expected wages, we can write:

wi(r) = wf
n * *
+E; :;1 (r) BAserr [Mwf + (1= X) wiy ]
n * * :
+E, :;2 (r) B2 A2 [N + A (1= X wipy + (1= A) wiy]
+...

e Collecting terms:

n
wl () = E 1+”;*;1 (r) (AB) Avi1 + == (r) (A,B)2At7t+2+..} w;

n n
(1= \) B2 () BAL1+1 [1 + 2 (1) (AB) Apy1442+ } Wiy
Uz N+1

n n *
=B (0) g |14 252 (0) (09) Arsagsa + - o
Nt Nt42

+...
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o Letting
[o¢] n s s
S (1) = Ee S =22 (1) (AB)* Avtrs

we have

n *
+(1-M\)E, Zl (1) BAt g1 2841 (1) wiyq

n *
+(1-NE; ;:2 (r) B2 Ap 0242 (1) Wiy
+...

e Finally, rearranging

f _ * o Mits s *
Wi (r)=2¢(r)w; + (1 —=A)Er 3 n (1) B At g5 D4 swiy
s=1 t
A3. Worker surplus at a firm renegotiating at ¢, H; (1)

e The worker surplus at a firm renegotiating at ¢ is

Hi(r) = wi(r)—b+ pfEN 1Hip1 (1) — siBE N 41 Hyp41

= WP (r)— E Z (ﬂﬁ)s At,t+s [b + 3t+sBAt+s,t+s+1Hx,t+s+l]
s=0

e Substituting the expression for W (r), we get

o0
Hi(r) = Awy — E Zo (Pﬁ)s Atpys[b+ st1sBM s trst1Hepyst1
S=

—(1=2A)(pB) At+s7t+s+1At+s+1wz‘+sH]

A4. Firm marginal surplus for a firm renegotiating at ¢, J; (r)

e The value of a marginal worker for a firm renegotiating at ¢ is

K
Ji(r) = far—we(r)+ 5Tt (7”)2 + pBE At 441141 (1)
00 < K
= E 20 (pB)° Atytys | frtts + 5 Tt+s (r)?| = W (r)
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Substituting the expression for W (1), we get

e S K * *
Ji(r) = E; 20 (pB)° A1 [fnt+s + 5 Ttts (r)? = (1= (pB) At+s7t+s+1At+s+1wt+s+1] —Aywy

Using the vacancy posting condition, the value of a marginal worker can similarly be expressed
as discounted profits per worker:

Je(r) = for—we(r) — gxt (7“)2 + [p+ 2t (r)] BE AL i+1Ji41 (1)
= fnt — Wt (7”) - gwt (7“)2 + n;—:l (7“) BEtAt,t+1Jt+1 (7“)
= B ) e (1) B°Atts | frtts — EIUHS (7“)2 - Wtf (r)
s=0 T 2

A5. The contract wage

The Nash first-order condition is

Xt (1) Je (1) = (1= x¢ (7)) Hy ()

with .
() = T ) A

Substituting J; (r) and H; (r) and rearranging, we obtain:

* x R
Awy = E 20 (pB)° Agirs [XHS (r) <fnt+s + §l‘t+s (7")2> + (1 — Xt+s (7")) (b+ strsBM1strsi1Hepyss

—(1-=X) pIBAt+s,t+s+1At+8+1wz<+s+1:|

The above equation can be written in a recursive form in the following way:

Awyi = x¢(r) <fnt + gﬂft (7“)2> + (1 —=x; (1) (b4 stBEN; 141 Hz 141)

— (L= X) pBEA p1 As1wyy 1 + pBEA 1 App1wy gy
Simplifying, we obtain
Aywy = wy (1) + pABE A 1110110744
with w (r) denoting the target wage:
wf (1) = X (1) (Fur + 520 ()7) + (L= (1) (b + 51BN Horpn)

33



A6. The loglinearized target wage

e Let V; be the unconditional average value of employment at ¢ and V,; the average value of
employment at ¢ conditional on being a new hire:

_ ! O
V}—/O Vi () di

T

1 . .
Te—1(i)ng_1(7
Vi :/ v, (5) Sl @ g,
0 Te—1Tt—1
Note that V; and V. ; are identical up to a first order approximation:

~

:th

)

<

This implies that H; = V; — U; and H,; = Vs — U; are also identical up to a first order:

~

Hy=Hyy
e Loglinearizing the target wage then yields
wy (1) = Sofnfnt + ¢, Tt (7")} + o E [gt + Hyn + IA\t,tH] + @ X (1)
where

O = XSaw ™" 0, = xraPw T o, = xskaw " @, = x [fo+ (5/2)2® —b—sfH|w !

e Finally, the weight in the target wage is

_ n
() = T S ) A

with
Ay =1+ pABEA 111811

Se(r) =1+ [p+ 2 (r)] (AB) EtAt 41541 (1)

Loglinearizing yields

~

Re(r) == (1= (S 0) - &)
with
Ay = pABEy <At,t+1 + At+1>

S (r) = 2ABT; () + AGE; <Kt,t+1 + S (7“)>
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A7. Hiring rate at a firm renegotiating at t, = (r)

e Let x; be the unconditional average value of the hiring rate:
1 .
ng (e

0 T

e Using the job creation condition, z; can be written as

K
Kzt = BEA i1 <fnt+1 + §~'L't+12 — Wey1 + pﬁ$t+1> +¢¥

with

x Lk 2 . A\ () K 2
S¢ = BEAt 111 <§$t+1(l) — w1 () + PFv‘l‘tH(Z)) - di — <§l‘t+1 — Wiy + Pfﬁ’ﬂtﬂ)
0 t

e Loglinearizing yields:

T = Eth,t+1 +e <antﬁzt+1 - wEt’@tJrl) + BET 11

with
e=p (k)"
and where
& =0

e Consider now a firm renegotiating at time t. We can write:
Ty — Tt (r) = —ewEy (W1 — Wiy (1) + BE (Zp1 — Tes1 (1))
which can be iterated forward to give:
e — 1t (1) = —ewE (We1 — Wit (1))

—BewEy (W42 — Witz (1))

—B*ewEy (W43 — Wer3 (1))
e Using the loglinear version of the wage index (37):

W = AMWe—1 + (1 — A) wy

together with the loglinear expressions for the expected future wages at a firm renegotiating
at time ¢ (see section A1), we obtain

B (W41 — Wiy (r)) = A (W — @)
Ey (g1 — Wy (r)) = N (W, — 0F)

and so on....
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e Substituting and rearranging yields:
Ty (1) = T + AeXw (W — wy)
ith
wi . 1
1= \p

AS8. Expected average worker surplus at firm renegotiating at ¢, £, H; 1
AB8a. Average worker surplus H; and firm marginal surplus J;
e The unconditional average value of worker surplus H; can be written as:
Hy=wi — b+ (p— s¢) BEA 41 Hipp1 + ¢

with

st = BEA 141 [P </01 Vit (4) mil) gy Vt+1> — 5 </01 Vit (4) zein(i) _ Viﬂﬂ

n Tt

e The unconditional average value of firm marginal surplus J; can be written as:
K

255% + pBEA 111141 + QJ:

Jt = for —wr +

with

T

1 . 1 .
K K o, .n(t) ,. K A ne(d) .
g{ = 5 (/ 523?(2) t( )dZ - 51‘%) + pﬁEtAMH </ Jt+1 (Z) t( )dZ — Jt+1)
0 0 Uz
e Loglinearizing H; and J; and rearranging
Hy = (1—x)x ‘ewidy + pBE, (Kt,Hl + fItH) — spE; <§t + A + ﬁtJrl)
Jp = €fofot + 26T — ewiy + pBE; (Kt,t—l-l + jt+1>

where
Sy =3l=0
e Then we can write the following expressions®?:
Hy = Hy (i) = (1= ) x " ew (@ — @ (0)) + pBE; (Hysr — Hyer ()

Ty = Jo (i) = w8 (B - & (1)) = ew (@, — @ (0)) + pBE (i1 = Joa ()

*2Note we are using By Hy 11 = EiHii1.
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A8b. Expected worker surplus at a firm renegotiating at ¢t + 1, E;Hyyq (1)
Consider a firm renegotiating at time ¢t + 1. We can write:
Ey (ﬁtﬂ — Hypq (7“')> = (1=x)x "ewE; (W41 — Wepa (1)) + pBE (ﬁt+2 — Hypa (1)
= (1-x) X tewE; [(ﬁ?tﬂ — Wiy r’)) + pB ({U\t+2 — Wiy2 (7"’) + ]
Note that, for a firm renegotiating at time ¢ + 1, we have:
By (W1 — Wt (1) = By (We1 — W)y 1)
E; (@HQ — Wit (r’)) = £ [)\'&J\t+1 +(1=X) @;Q] —Fy [)\’L/U\t+1 (7“') +(1=2Xx) @;2]

= AE; (Weg1 — Wegr (1))

= AE; (@1 — Wriq)

By (W3 — Wey3 (') = By [Mpg2 + (1 = X) @5y 3] — Ep [AMOgya () + (1= X) @F 3]
= AE; (Wig2 — Weg2 (1))

= NE; (41— ©fy1)
and so on....
Substituting these expressions and rearranging:
EiHy o (r') = EyHyr — (1 —x) X LeAwE, (W1 — Wy y)
with

1
A =
1—pAG8

A8c. Expected firm marginal surplus for a firm renegotiating at ¢t + 1, EyJi4q (17)
We can write:
E; <jt+1 — Ji (7“')> = zBE; (Teg1 — Tegr (1)) — ewBy (W1 — Wi (1))
+pBE; <jt+2 — 4o (7“/)>
)

= zfE; [(ftﬂ — T4 (7“/) +pB (th+2 — Tyq2 (7“,)) + ]
—ewEy; [(Wg1 — W1 (1)) + pB (Wg2 — Wega (1)) + ...
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Moreover, we have:

Et (/ft—&-l (’I”,) — /ft—&-l) = /\eEwEt (’l/ﬁt_;,_l — ’l/ﬁ;’_l)

Et (§t+2 (’I”/) — i'\t+2) = )\26211}Et (L/l}t+1 — L/l};:k_,'_l)

Et (Z/L‘\t+3 (’I“/) - £t+3) = )\3€sz1§ (’L/U\t+1 - 1/11\Z<+1)

and so on....
Substituting the expressions for the expected future wages and hiring rates and rearranging;:
EiJia (7‘/) = EyJip1 + eXwky (’@t+1 - ’@kﬂ)

with

1
2_1—w

A8d. Weight in the Nash bargaining first order condition

Recall that

o~

Re(r) == (=) (Se(r) - &)
with
Ay = pA\BE: <At,t+1 + At+1>
54 (r) = 2AB3: (1) + A8y (Regsa + St (1)
Averaging across all firms the firm cumulative discount factor yields:
S = zABT; + \GE, (Kt,t+1 + it+1>
Taking differences and iterating forward yields
Se(r) = = (aA\8) (T (r) — Fr)
+ (A8) (zAB) Bt (T41 (r) — Tit1)

+(AB)? (2AB) By (Bps2 (1) — Ter2)
+...

Substituting the expressions for the future hiring rates and collecting terms:

~

S (r) — 5 = aUeSw (@ — @)
with

_ B

1-A%8
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Finally, we have
Xi (1) =X — (1 = x) 2VeXw (@ — wy)

Similarly, we have

EXi1 (r') = EiXpy1 — (1= X) 2V eSwEy (W1 — Wry,)

A8e. Using the expected Nash condition at time t + 1
The expected Nash condition for firms renegotiating at time ¢ + 1 is
Bixeon () Jisa () = B (1= X1 (7)) Higa (1)

Loglinearizing
Edier (7') + (1= X) " ERpr (r) = ExHy (1)

Substituting the expressions found in sections A8b, A8c and A8d and rearranging yields
EHyi1 = EyJy + TE, (@41 — Bfyy) + (L= %) " EiXea

with
I'=(1-nz0)n teSw

Using the loglinear expression for the hiring rate averaged across all firms:
T = E (Jt+1 + At,t+1>
we finally obtain

Ey <ﬁt+1 + /A\t,t+1> =Ty 4+ TE; (W41 — @f ) + (1 - X) ' EXe
A9. Spillover effects

Consider the loglinear target wage

@7 (r) = (0 gnfnt + 0 (1) + 0 (5 + Horr + Regnr) + 0,0 (1)
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Substituting the following expressions in the target wage:

E; <ﬁt+1 + Kt,t—l—l) =3y + DB, (D41 — f1) + (1= X) " EiXea

Tt (r) = &t + AeXw (W — wy)

R () = % — (1 = ) 2WeSw (i, — ©7)

we obtain
wy (r) = wy + 1 _T;AﬁEt (W1 — Wy, ) + ;ﬁ (W — wy)
with
wy = (an.]/c;zt + (0g + 0s) Tt + @55 + 0, X + (1 — 0 0B
and
1 = @I (1—pApB)
Ta = [P A=, (1—x)2¥] Sw (1 - pAf)

Note that, given our calibration described in section 4, 79 = 0.47 and 79 = 0.015.
A10. Reservation wages at a firm that has not renegotiated for 7 periods
A10a. Worker’s reservation wage, R}’ (7)

Consider a firm and a worker at time ¢ who have not renegotiated for T periods.

The worker reservation wage, denoted with R}’ (7), is the wage that makes the worker surplus
H; (1) equal to 0:

Hy (1) =R} (1) = b+ pBEN 141 Hp1 (7) — st BE N 441 Hpp41 =0

Using similar arguments as in section A8 of the appendix we can write

Hy(r) = Hy+ (1= x)x""e (RURY (v) = wid,) + pBEy (Hus () = Hisn) =0
and
By (Huwr () = Hea ) = = (1 =20 x exdw (@ — @ (7))
where wyf (7) is the wage that has been renegotiated in ¢ — 7.
Combining equations yields
Hy (7) = Hy = (1= ) X" epBAAw (@ — @7 (7)) + (1= x) x e (RURY (7) = wid ) = 0
which gives the following expression for the worker’s reservation wage:

RURY (1) = widy + pBAAw (@, — @ (1) = x (1= x) ' ¢ " He
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Rearranging:

~

RYRY (1) = wA@y —w (A — 1) @7 (1) — x (1—x) " e H,

A10b. Firm’s reservation wage, R{ (1)

The firm reservation wage, denoted with R,{ (1), is the wage that makes the firm surplus J; (7)
equal to O:

Ji (1) = far + gﬂﬂt (7)2 - R,{ (7) + pBEA 141141 (1) =0

Using similar arguments as in sections A7 and A8 of the appendix we can write
Jo(7) = Ji+ @B @ () = &) — & (BRI (1) = widy) + pBE: (Jooa (7) = T ) =0

and
By (i1 (7) = T ) = (81 (7) = ) = ASw (@, — & (7))

Combining equations yields
Jo(7) = Jo + BASw (@ — @F (7)) — & (Rfég” (r) — w@t> ~0
which gives the following expression for the firm’s reservation wage:

~

RIR (7) = wiy + BASw (@ — @F (7)) + ¢ s

Rearranging:

~

RIR (1) = w2, —w (S — 1) @F (1) + € ',
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APPENDIX B
Steady state calculation

e Given the calibrated parameters and target values in Table 1, we obtain implied values of
n,u,, X,ls,1/y,ac/y and c¢/y from steady state calculations.
S

n:l—p—i-s
u=1-—n

e [First obtain

and
X pry

e Then get
z=1/—-1+6¢

fo = <1—a>a<§)a

e Then x and w solve the following system (equations (12) and (33))
Hmzﬁ(fn—w+§x2+p/<;a:)
w=x(fn+ 5%+ skz) + (1= x) b (fn + §2?)

b

where
fo
fn + 52

e The flow value of unemployment is given by
b=>b ( fn+ gﬁ)
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e The steady state labor share is calculated from

e Finally
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APPENDIX C
The complete loglinear model

Technology
Z//\t :at+06kt+(1 —Oé)ﬁt

Resource constraint
U = cyer + iyl + (1 — ey — iy) (2T + 1)

. . 2
Wherecyzi,zyzéandl—cy—zyzg%

Matching
fl\’Lt = G'at + (1 —O')i}\t

Employment dynamics
N1 = pi + (1 — p) My

Transition probabilities
G = My — V¢

Unemployment

Capital dynamics
kt+1 == (1 - 6) k‘t + 6It

Aggregate vacancies

Ty =q + 0 — Nt
Consumption-saving
1/86—1+49¢

= B + 173

EiZi1

Marginal utility
)\t = —Ct
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e Aggregate hiring rate

Ty = EtApp1 + € (fnfnt+1 - wEt@tH) + BET 141

where

e Marginal product of labor

e Capital renting

e Weight in Nash bargaining

with

e Spillover-free target wage

S = 23T + \BE, (Kt,t+1 + §t+1>

Qt:_u—X)(it—Et)

Ay = pABE; <Kt,t+1 + 3t+1>

—~ ~ ~ ~ ~ -1 ~
Wy = ppfrt + (Pr +0s) Tt + 08t + 0 X + (1= X) 7 0 EiXepa

where

Sofn = anwil Pr = XKZT w

e Aggregate wage

where

2

1

Wy = YpWi—1 + W] + ¥ Erg 41

Ww=(1+712)0"" y=co' = (pB—T1)0 "

p=1+12+c+pB—T1

71 = @' (1 — pAB)

c=1-N1-prAB)1!

7o = [i22A = @y (1= X) 2¥] Sw (1 - pAB)

L= (1-—zn0)np telw

e Technology process

U =B/ (1-pBA?)

~ ~ a
At = Pa0t—1 + &
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(E12)

(E13)

(E14)

(E15)

(E16)

(E17)

(E18)

o, =xskaw " @ =x[fo+ (5/2)2> —b—sBH]w "

(E19)

(E20)



Figure 1: Impulse responses to a technology shock
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Figure 2: Bargaining set for contracts still in place after the average duration (3Q)
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Figure 3: Bargaining set for contracts still in place after 40 months

i

ik

—— firm reservation wage
—— actual wage
—— worker reservation wage

2000

4000

6000

8000

10000 12000



CFS Working Paper Series:

No. Author(s) Title

2007/08  Olivier Blanchard _ )
Jordi Gali A New Keynesian Model with Unemployment

2007/07 Ka_| Christoffel Identifying the Role of Labor Markets for
Keith Kuester S :

. . Monetary Policy in an Estimated DSGE Model

Tobias Linzert

2007/06  Gauti B. Eggertsson The Mistake of 1937: A General Equilibrium
Banjamin Pugsley Analysis

2007/05  Michael Bordo ) o ]
Christopher Erceg Three Great American Disinflations
Andrew Levin
Ryan Michaels

2007/04  Michael Sonnenholzner On the Role of Patience in an Insurance Market
Achim Wambach with Asymmetric Information

2007/03  Michael Binder The European Central Bank
Volker Wieland

2007/02  Francis X. Diebold Measuring Financial Asset Return and Volatility
Kamil Yilmaz Spillovers, With Application to Global Equity

Markets

2007/01  Gunter W. Beck Regional Inflation Dynamics within and across
Kirsten Hubrich Euro Area Countries and a Comparison with the
Massimiliano Marcellino uUsS

2006/35  Christopher D. Carroll How Large Is the Housing Wealth Effect? A New
Misuzu Otsuka Approach
Jirka Slacalek

2006/34  Giuseppe Bertola Consumption Smoothing and Income

Winfried Koeniger

Redistribution

Copies of working papers can be downloaded at http://www.ifk-cfs.de





