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The Limited Influence of Unemployment on the Wage Bargain

By ROBERT E. HALL AND PAUL R. MILGROM™

Congratulations! You made it through the interview process. Both you and the hiring
manager agree that you are the right person for the job. Now, however, you must negotiate
the terms of the job offer.

So begins Maryanne L. Wegerbauer (2000, 3), in a book offering advice to job-seekers about
dealing with a prospective employer. If terms are determined by negotiation after a match has
been identified, then the nature of the negotiation has a role in determining the employer surplus.
Anticipation of that surplus influences the employers’ recruiting efforts, which affects the level
of unemployment. We show that replacing the “Nash” model of bargaining with a more credible
alternating offer bargaining model leads to weaker feedback from current unemployment levels
to the current wage. Consequently, when the labor market is hit with productivity shocks, the
credible bargaining model delivers greater variation in employer surplus, employer recruiting
efforts, and employment than does the Nash bargaining model.

The model of the wage-setting process at the heart of our analysis is a noncooperative alter-
nating offer model which improves on two common conceptions of wage bargaining. According
to one conception, employers set wages and other terms and hire the most qualified applicant
willing to work on those terms. The terms are offered to applicants on a strict take-it-or-leave-it
basis. We believe that this model fails in an important way to describe much of the labor market,
though essentially no research has studied the question.

A second common conception, which forms the basis of a large literature whose canon is
Dale T. Mortensen and Christopher Pissarides (1994), has wages and other terms of employment
set by a Nash bargain. Models using this formulation assume that the threat point for bargain-
ing is the payoff pair that results when the job-seeker returns to the market and the employer
waits for another applicant. A consequence is that the bargained wage is a weighted average of
the applicant’s productivity in the job and the value of unemployment. That latter value, in turn,
depends in large part on the wages offered in other jobs. If an adverse unit productivity shock
reduces every employer’s reservation wage by one unit, then both terms in the average fall by
almost equal amounts. If both changed by exactly one unit, then the employer’s recruiting effort
would be unchanged and unemployment would not fluctuate. The actual equilibrium is similar
to this approximate equilibrium and cannot explain realistic employment fluctuations. This is the
point of an influential paper by Robert Shimer (2005).

This flexible-wage conclusion, however, hinges on unrealistic assumptions about bargaining
threats, which we challenge. Once a qualified worker meets an employer, a threat to walk away,
permanently terminating the bargain, is not credible. The bargainers have a joint surplus, aris-
ing from search friction, that glues them together. We make use of bargaining theory from Ken
Binmore, Ariel Rubinstein, and Asher Wolinsky (1986, hereafter BRW) to invoke more realistic
threats during bargaining. The threats are to extend bargaining rather than to terminate it. The
result is to loosen the tight connection between wages and outside conditions of the Mortensen-
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Pissarides (MP) model. In our model, a job-seeker loses most of the connection with outside con-
ditions the moment she encounters a suitable employer, but before she makes her wage bargain.
The bargain is controlled by the job’s productivity and by her patience as a bargainer relative to
the employer’s. The possibility that she will return to the job search remains in the picture because
the job opportunity may disappear during bargaining, but this factor has a secondary influence.

The model delivers substantial volatility of unemployment through a mechanism similar to the
one in Hall (2005)—unemployment is high in periods when the wage bargain is unfavorable to
employers. In times of low productivity, the wage falls only partly in response; the burden of the
rest of the decline falls on employers. Because they have less to gain by hiring a worker, employ-
ers put fewer resources into recruiting, and the labor market is slacker.

Wage negotiations between General Motors and the United Auto Workers illustrate the key
change we make to the bargaining model (see Steinar Holden (1997) for an application of the
BRW theory in the union setting). The wage agreement depends on the losses the bargainers suf-
fer during a strike or lock-out. Each side is keenly aware of the costs of delay that fall on them-
selves and on the other side. The union accumulates strike funds and the company accumulates
inventories to lower the costs of holding out for a better deal. The union never seriously consid-
ers permanent resignation of the workers as an option, and GM does not consider discharging
the workers permanently. Except in extreme circumstances, neither threat would be credible,
because the workers would do better to accept a reduced wage than to quit, and GM would do
better to pay a higher wage than to start over with new workers. This observation has important
consequences for the comparative statics of the bargaining model. For example, if a new law
were to make it costlier for GM to discharge its workforce during a work stoppage, that would be
predicted to have no effect on the wage bargain.

Similarly, the noncooperative bargaining model of Binmore, Rubinstein, and Wolinsky (1986)
distinguishes between the outside-option payoff that the parties get by quitting the negotiation
to seek other opportunities and the disagreement payoff that the parties get during the bargain-
ing, during the disagreement period before the agreement is reached. Unless the outside option
is especially favorable, it is the disagreement payoff—not the outside option—that determines
the bargaining outcome.

In the alternating offer wage-bargaining environment, so long as reaching an agreement cre-
ates value, a bargainer who gets a poor offer continues to bargain, because that choice has a
strictly higher payoff than taking the outside option. Threats to exercise the outside option sim-
ply are not credible. Since this is common knowledge, changes in the value of the outside option
cannot affect the bargaining outcome. In the BRW equilibrium, the parties do not actually spend
any time bargaining. They think through the consequences of a sequence of offers and counter-
offers and then move immediately to an agreement at the unique subgame perfect equilibrium of
the bargaining game. They do not waste time and resources haggling over the wage.

In the MP class of models, conclusions about the insensitivity of compensation to unemploy-
ment—and the resulting high sensitivity of unemployment to driving forces—depend on certain
key parameters. One is the elasticity of labor supply. Marcus Hagedorn and Iourii Manovskii
(2008) demonstrate that the standard MP model delivers high sensitivity of unemployment to
driving forces when labor supply is highly elastic. In that case, workers are close to indifferent
to working or searching (in a sense we explain later), so small changes in the incentive to work
cause large changes in the volume of search. We review the evidence on labor supply and find
that the elasticity needed to generate the observed volatility of unemployment is far higher than
the findings from research on labor supply. Our bargaining model delivers a realistic unemploy-
ment response to productivity shifts with a labor-supply elasticity in line with that research.

For our model, a second key parameter is the cost of recruitment. We take this cost from data
on hiring costs reported by employers. If we use a higher figure, the sensitivity of unemployment
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to productivity is lower. The success of our explanation of unemployment volatility depends on
the realism of our inputs.

We model shifts in labor demand as changes in productivity, defined as the ratio of output to
labor input. This incorporates shifts in labor demand arising from changes in total factor produc-
tivity and in the prices of other inputs.

Although this paper is about the limited response of the wage to conditions in the labor mar-
ket, we do not provide direct evidence on the flexibility or stickiness of wages. We are skeptical
about recent attempts to measure wage flexibility. Our strategy is to measure the empirical rela-
tion between productivity fluctuations and unemployment, to confirm that the MP model with
standard parameter values falls far short of replicating the observed volatility of unemployment
induced by productivity fluctuations, and to compare two models that are successful, the one in
Hagedorn and Manovskii’s (2008) paper and the one developed here. Following Mortensen and
Eva Nagypil (2007), our perspective differs substantially from Shimer (2005), who considers
not the part of unemployment volatility induced by productivity variation, but rather all of the
volatility. We show that productivity can account for only a fraction of unemployment volatility,
and use that amount as our benchmark of explanatory success.

Do workers have the theoretical opportunity to make a counteroffer to an employer? Or do
employers generally have predetermined wages and somehow commit not to consider counter-
offers? We have been unable to find any academic empirical literature on the process by which
employers and job-seekers arrive at the terms of employment. Because our model makes the
unambiguous prediction that counteroffers do not occur in equilibrium, there is no use asking if
workers make counteroffers in reality. We believe that a commitment not to consider counterof-
fers is difficult to achieve.

Our impression of the process of wage determination—not founded on any extensive body of
systematic empirical evidence—is that job-seekers gather information from friends and help-
wanted ads, and they post resumes on Web sites to find jobs for which they are well matched.
An employer reviews information about applicants and searches databases for good matches.
The employer calls in the more promising prospects for interviews. Having found what appears
to be a good match, the employer makes a comprehensive job offer, including pay, benefits,
and duties. We believe that employers almost always make the initial offer. Many job-seekers
accept the initial offer, but others make counteroffers. The probability that the job-seeker and
employer will make an acceptable deal is high, once the employer has decided to make the
initial offer.

Our model is a stylized representation of this process. We do not try to model the directed
nature of the search—in our model, job-seekers know nothing about a job. And there is nothing
to know because all jobs are alike. We concentrate on one realistic aspect—one party starts the
process by making an offer and the other can then accept or respond with a counteroffer. The
unique equilibrium in our model is for acceptance of the initial offer. Thus, the model is success-
ful in explaining why few job-seekers make counteroffers (if that is true), but not successful in
explaining why some job-seekers do make counteroffers. Models with information asymmetries
might be able to explain the latter.

I. Model

Mortensen and Pissarides (1994) introduced a model that provides the foundation for a large
amount of recent research on labor-market fluctuations. Part of that research, including this
paper, retains all the elements of the MP model except its Nash bargain for wages. We refer to
the MP class of models as those like ours that change only the wage determination specification.
Our discussion begins with the elements we take over without change from the MP model.
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A. Elements Common to the MP Class of Models

The driving force of the model is productivity, p;, where i is a discrete stationary state variable
i €[1, ..., N]with transition matrix 7r; ;. Workers and employers are risk-neutral. Their discount
rate is equal to the interest rate, r.

We start by describing the mechanism by which employers and workers match. Matching
results from noncontractible prematch effort by employers—help-wanted advertising and other
recruiting costs—reinforced by the search time of job-seekers. It is conventional to describe the
mechanism in terms of vacancies, though this concept need be nothing more than a metaphor
capturing recruiting efforts of many kinds. The key variable is 6;, the ratio of vacancies to unem-
ployment. The job-finding rate depends on 6; according to the increasing function ¢ (6,), and the
recruiting rate is the decreasing function ¢ (6;) = ¢ (0,)/6,. The separation rate—the per-period
probability that a job will end—is an exogenous constant s (see Hall (2006) for evidence sup-
porting this proposition).

During a period, an individual may be seeking a job or working, and an employer may have a
number of vacancies open and a number of employees. At the end of the period, the job-seeker
finds a potential position with probability ¢ (6,). The job-seeker and the employer bargain for
a wage with present value W, for the job to start at the beginning of the next period. Our model
implies that bargaining always results in employment, so ¢ (6,) is also the job-finding rate. A
vacancy is filled with a new hire with probability ¢ (6,)/6;. An employee departs the firm at the
end of the period with probability s. Finally, at the beginning of the next period, the firm decides
how many vacancies to hold open during the period.

Three values characterize the job-seeker’s bargaining position. If unemployed, the job-seeker
achieves a value U;. Upon finding a job, she receives a wage contract with a present value of W;
and also enjoys a value V; for the rest of her career, starting with the period of job search that
follows the job. While searching, a job-seeker receives a flow value z per period. She has a prob-
ability ¢ (6;), the job-finding rate, of finding and starting a new job. Hence, U; must satisfy

1
)] U=z+ ﬁ . 7Ti,i’[¢ (Q)(Wz + V,) + (1 - d’(@))u]

Similarly, V; must satisfy

1
o+
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The value of the outside option of the job-seeker when bargaining over the wage with a prospec-
tive employer is U..

Workers produce output with a flow value of p;, the marginal product of labor. The present
value, P, of the output produced over the course of a job is

1
P=p +—ro (1 — §)P..
3) =t 2l - 9P,

The model assumes free entry on the employer side, so that the expected profit from initiating
the recruitment of a new worker by opening a vacancy is zero. In that case, employer prematch
cost equals the employer’s expected share of the match surplus. Employers control the resources
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that govern the job-finding rate. The incentive to deploy the resources is the employer’s net value
from a match, P, — W,. Recruiting to fill a vacancy costs ¢ per period, payable at the end of the
period. The zero-profit condition is

@ q(0)(P, — W) = c.

Employers create vacancies, drive up the vacancy/unemployment ratio 6;, and drive down the
recruiting rate to the point that satisfies the zero-profit condition. Because of free entry, the
employer’s outside option while bargaining with a worker has value zero. Notice that we require
that the zero-profit condition hold for each value of the driving force i; this is what makes
recruiting effort vary with i.

Equation (4) has an implication of central importance in the rest of the paper. Given a wage
W,, the zero-profit condition determines 6, and thus unemployment. If the wage is flexible in the
sense that employer surplus P, — W, is nearly independent of the state, then unemployment has
low volatility. In contrast, if the wage is sticky, so that the gap between productivity and the wage
rises quickly with productivity, then unemployment will fall sharply when productivity rises. To
see this more clearly, suppose that we calibrate the model at the average values of the variables,
say 0, P, and W, so

5) q@)(P—W)=c
Then

_P—-Ww
©) 9(0) = a0,

Thus, the volatility of 6, and therefore of unemployment is governed by variations in the
employer’s margin P; — W; as a proportion of its average level. These proportional variations
of the margin are the relevant metric of wage stickiness. In the class of models considered here,
which differ only in their wage-determination specifications, wage stickiness is the sole deter-
minant of unemployment volatility. We need not investigate wage stickiness and unemployment
volatility separately.

B. The Wage Bargain in the Original MP Model

In the setup just described, the worker and employer have a prospective joint surplus of P; +
V. — U, the difference between the value created by this job and the worker’s subsequent career,
P, + V,, and the worker’s nonmatch value, U;. The original MP model posits that the worker and
employer receive given fractions 8 and 1 — S of that surplus. The job-seeker’s threat point is the
value achieved during the prospective employment period by disclaiming the current job oppor-
tunity and continuing to search, that is, the unemployment value, U;. The worker’s value, W, +
V., is this threat value plus the fraction 3 of the surplus:

@ Wt Vo= Ui+ B(R+ Vi — U),
so the worker’s wage is

® W, =pBP + (1 = B)(U — V).
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The developers of this model often rationalized this wage rule as a Nash bargain.

The model has 5N endogenous variables: the worker’s value of being unemployed, U;; her
value of employment after the prospective job, V;; the vacancy/unemployment ratio, 6;; the pres-
ent value of productivity, P;; and the present value of wage payments, W,. It has 5N equations,
(D, ), (3), (4), and (8).

From the solution, we can calculate other variables, including the unemployment rate, u. In
stochastic equilibrium while in state i, the flow rate of workers into unemployment, s (1 — u;),
equals the flow rate out of unemployment, ¢ (6;)u;. Although in principle u is a separate state
variable, it moves so much faster than i that we can use the stochastic equilibrium value as a close
approximation of the actual value of unemployment:

N

(9) u; = m

In this model, the wage is the weighted average of productivity P, and the worker’s opportu-
nity cost, U; — V,. In the usual calibration with 8 around 0.5, the wage is highly responsive to
changes in productivity because P, and U; — V; move together—the worker’s opportunity cost
U, — V; depends sensitively on the wages of other jobs. Indeed, in the calibration we attribute
to Mortensen and Pissarides, W, changes by 93 percent of the change in P. Thus, a transition
from one level of P, to a lower one results in correspondingly large changes in W, but only tiny
changes in unemployment. This flexible-wage property of the standard model is the point of
Shimer (2005).

C. The Alternating- Offer Wage Bargain

Infinite-horizon, alternating-offer bargaining models were introduced into economics by
Rubinstein (1982) and have spurred a very large literature. Rubinstein and Wolinsky (1985)
incorporate search and bargaining in a nonstochastic model and find that market outcomes may
be far from the competitive equilibrium even when search costs and search times are vanish-
ingly small. Douglas Gale (1986) introduces the possibility that the arrival of other parties may
interrupt bargaining and create an auction; he shows that this structure reverses the Rubinstein-
Wolinsky conclusion. Martin Osborne and Rubinstein (1990) give an integrated review of the
early literature.

BRW first developed the distinction between a threat point and an outside option in their alter-
nating offer bargaining model. Our model is adapted from theirs. Bargaining takes place over
time. The parties alternate in making proposals. After a proposer makes an offer, the responding
party has three options: accept the current proposal, reject it and make a counter-proposal, or
abandon the bargaining and take the outside option. The abandonment of bargaining by either
party results in lump-sum payoffs of zero for the employer and U; for the worker. If the respond-
ing party makes a counter-proposal, both parties receive the disagreement payoff for that period
and the game continues. The employer incurs a cost y > 0 each time it formulates a counterof-
fer to the worker. The worker receives the flow benefit z while bargaining. Notice that our sign
convention is the opposite for workers and employers: workers have a benefit z from waiting and
firms incur a cost 7.

In this bargaining game, when the joint payoff from matching, V, + P;, exceeds both the unem-
ployment payoff U, and the capitalized flow (z — y)(1 + r)/r, the parties agree on a wage W, < P,.
If V; + P, falls short of either of the other two values, no agreement is reached. If V, + P, = U,, the
wage could be P, but then employment will not occur because there is no incentive for recruiting
effort by employers. The same conclusion is true if V; + P, = (z — y)(1l + r)/r. Our exposition
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emphasizes the first possibility for every state i, because it is the only one that can justify positive
search by employers and positive equilibrium employment in every state.

We temporarily assume that the subgame perfect equilibrium of the bargaining models
beginning with a proposal by the employer (or the worker) is unique; we return to prove this
uniqueness in the next subsection below. The consequence is that the value of rejecting an offer
and continuing to bargain is uniquely defined, so the worker’s equilibrium strategy is to accept
the employer’s offer if and only if it is better than both the continuation payoff and the payoff
from exiting bargaining. Hence, there is some lowest wage offer W that the worker will accept.
Symmetrically, there is a highest wage offer W’ that the firm will accept.

Our calibration implies that, in equilibrium, the bargainers never abandon the negotiations. It
is always strictly better for a worker or employer to make a counteroffer than to accept the outside
options of U, for the worker and zero for the employer. Consequently, it is optimal for each side
in the bargaining always to make a just acceptable offer to the other side. The employer always
offers W and the worker always offers W'. Because the worker is just indifferent about accepting
W, it must be that her payoff from accepting, which is W + V, is just equal to her payoff from
rejecting the offer and countering with the acceptable offer of W’ at the next round.

Our treatment of wage determination takes full account of Melvyn G. Coles and Randall
Wright’s (1998) observation that alternating-offer bargaining in a dynamic setting requires that
the bargainers be aware of the changes in the environment that will occur if they delay accep-
tance of an offer. To account for the dynamics, we subscript the relevant variables with the state
variable i.

We assume a probability 6 that the job opportunity will end in a given period during bar-
gaining. In that event, the job-seeker gets the unemployment value U; and the employer gets
zero. Thus, the indifference condition for the worker, when contemplating an offer W, from the
employer, is

L

1+r

(10) W+V,-:8Ui+(1—6)[z+

1

277'1',1"(Wi” + Vz)]
=
The similar condition for the employer contemplating a counteroffer from the worker, W/, is

1
1D P— W =(-29) {—V to 2 maPr - Wi)]-
1 +r i ’

W, is the wage that the employer will propose and the worker will accept when it is the employ-
er’s turn, and W' is the worker’s counterpart. We assume that the employer makes the first offer,
so W, is the wage in equilibrium. Although the employer makes the first offer and the worker
always accepts it, the wage is higher than it would be if the employer had the power to make
a take-it-or-leave-it offer that denied the worker any part of the surplus. The worker’s right to
respond to a low wage offer by counteroffering a higher wage—though never used in equilib-
rium—agives the worker part of the surplus. We assume the absence of any commitment technol-
ogy that would enable the employer to ignore a counteroffer.

Equations (10) and (11) replace equation (8) and are alternative structural equations of the
model. They differ only in the role of the threats. These are, for the worker, U in the Nash model
and the more complicated expression in equation (10) in the credible-bargaining model, and,
for the employer, zero in the Nash model and the more complicated expression in equation (11)
in the credible-bargaining model. Note that the threats are the same in the new model as in the
standard model if 6 = 1.

The solution to equations (10) and (11) for the wage W, is somewhat complicated. The solu-
tion for the average Y2(W; + W), which is hardly different from W, in our calibration, is helpful
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in explaining the substance of the credible bargain. In obvious matrix notation, subtracting (11)
from (10) leads to

1-6
1 +r

(12) %(W W)= ;{P + <1 - n)l[av + (1= 8)(z+y)e] - V},

where ¢ is a vector of ones. The effect of multiplication by

13 (1—1_8 )1
13) 1+rﬂ

is to form a present value of a stream at interest rate r, subject to rate of decline 1 — 8, and obey-
ing, in the case of the vector U, the transition matrix 77.

Equation (12) for the credible bargain gives the same role to productivity P and the worker’s
subsequent career value V as does equation (8) for the Nash bargain. It differs from the Nash
bargain only by giving less weight to U and adding the present value of the bargaining bias, z +
v. Because U reflects current conditions in the labor market while the z + vy does not vary with
the state, the wage is less sensitive to conditions as measured by unemployment under the cred-
ible bargain compared to the Nash bargain used in the original MP model.

In the MP version of the Nash wage bargain, conditions in the labor market influence the
agreed wage through U — V, which is the worker’s opportunity cost or reservation wage. Better
conditions in the market as represented by a higher value of U give the worker a higher wage.
In the wage equation for credible bargaining model, U is scaled down by & because the outside
option is relevant only when the worker is forced to return to search because of the ending of the
opportunity.

The subsequent career value V has the same effect under credible and Nash bargaining.
It reflects the post-employment opportunities enjoyed by a worker who takes a job today.
Prolonging bargaining postpones the receipt of V, which is received at the time a job actually
begins. Stronger long-run job opportunities V lower the wage by raising the cost to the worker
of prolonging bargaining.

Another difference, of secondary importance, is that unemployment enters as the present value
of the future values of U. In the new model, the persistence of the state variable i has a role because
it controls the relation between the current state of the labor market and the future states that enter
the present value. Its persistence also influences V under both Nash and credible bargaining.

All the other equations of the model are the same as in the standard model. The credible-bargain-
ing model has 6N unknowns, because the hypothetical counteroffers W’ need to be calculated.

D. Uniqueness of the Equilibrium

Equations (10) and (11) are linear in W; and W,". Because 6 and r are both positive, the linear
system has full rank and the solution (W, W') is unique. It remains to show that any equilibrium
wages of the bargaining game must satisfy these two equations.

In an equilibrium, at any round, there is some lowest wage proposal by the firm at its first
move, above which the worker always accepts; we call that the worker’s reservation wage.
Similarly, the employer’s reservation wage is the highest wage below which any worker proposal
is always accepted. Let W and W’ denote the vector infimum across equilibria of the worker’s
(respectively, the employer’s) reservation wages. These correspond to the best possible equilib-
rium bargaining outcomes for the employer in the full game and in the subgame beginning with
an offer by the worker.
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One can show by standard methods that the sets of reservation wages are closed, so there is an
equilibrium of the game in which the employer initially offers W and the worker accepts. Hence,
we may construct an equilibrium of the subgame beginning with the worker offer by specify-
ing that, if the worker offer is rejected, then the employer always proposes W and the worker
always accepts. Equation (10) can be solved for W and written as W = @ (W’), and similarly
equation (11) can be solved for W’ and written as W' = ®,(W). In the constructed equilibrium,
at the worker’s first move, the employer’s reservation wage is ®,(W), so W’ = ®,(W). In any
equilibrium, the employer can never gain by rejecting a wage proposal less than ®,(W), so W'
= ®,(W). Combining the inequalities, W' = ®,(W).

The preceding conclusion implies that there is an equilibrium of the subgame beginning with
the worker’s offer in which the worker offers W' and the employer accepts. So, we may con-
struct an equilibrium of the full game in which this continuation equilibrium is played whenever
the employer offer is rejected. In the constructed equilibrium, the worker’s reservation wage is
d,(W'),so W = &, (W'). In any equilibrium, the worker never accepts a wage less than ®,(W'),
because she can always do better by rejecting it and proposing W' = ®,(W), which is always
accepted. Hence, W = @ (W'). Combining the inequalities, W = &, (W").

A symmetric argument shows that the highest equilibrium wages satisfy (W,W') = (W, W'
(W, W'), so these are the unique equilibrium wage vectors.

II. Evidence

In this section we review evidence that helps guide the choice of employment-wage model and
its parameters. The most critical parameters are the ones that determine the wage bargain—these
are the flow value of nonwork, z, the employer’s cost of delay, y, and the probability of bargaining
breakdown, 6—and the employer’s cost of maintaining a vacancy, c. We also cite evidence about
the values of the other model parameters, including the efficiency of matching, its elasticity with
respect to the vacancy/unemployment ratio 6, the normal level of # and of unemployment, and the
exogenous separation rate s, as well as about the portion of unemployment volatility attributable
to productivity fluctuations.

The Appendix provides tables of values and sources for values of endogenous variables used
in our calibration and the values of parameters resulting from the calibration.

A. The Flow Value of Nonwork, z

The linear preferences of the MP model stand in for preferences with curvature. To calibrate
z, we use evidence about the Frisch elasticities that capture the curvature.

We posit that individuals order consumption-hour pairs according to the period utility, U(c, k).
As in earlier discussions of this issue, we can think of a family with a unit measure of members,
of whom a fraction u are unemployed and the remainder employed. The family’s allocation of
consumption between the employed and unemployed maximizes family utility

(14) uU(c,,0) + (1 —u)U(c,,h)

subject to the budget constraint u(b — ¢,) + (1 — u)(w — ¢,) = x, where ¢, and c, are the con-
sumption of the unemployed and employed, respectively, /4 is hours of work of the employed, w
and b are the wage and unemployment benefit, and x is saving. Note that ¢, < ¢, if consumption
and hours are Edgeworth complements, with U, > 0.
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We write the budget constraint as

w—c¢,+tx
(15) c,=b—-w+tce +——
u

We consider the family’s within-period maximization problem, conditional on a given x:

. w—c¢,+x
(16) U(u)=maxulUlb—w+c, + ————0]+ (1 —u)U(c,h).
[ u
By the envelope theorem,
d w—c¢,+x
(17) U () = U(en0) = Ulcah) = ————Ue(c,.0)
u u

= U(c,,0) — U(c,,h) + U.(c,,0)(c, — ¢, + b — w).

In the MP class of models, the flow values are measured in consumption rather than utility
units. Marginal utility A = U, translates from one to the other. Treating A as a constant is appro-
priate in the static MP model without an aggregate shock and is a reasonable approximation in a
model, such as the one in this paper, where the aggregate driving force is stationary (for a discus-
sion of the nonstationary case, see Hall 2007). The flow value of employment is normalized to be
earnings, w, and z is the flow value of unemployment, so A (w — z) = (d/du)U"(u). Thus,

) 2= b+ e, — e+ U(e,0) — Uleah)

To evaluate z, we pick a convenient functional form that captures the key curvature properties
of the utility function

Cl*l/rr

1 —1/o

=10 1+ _ @ I

(19) U(c,h) = ™

- xc

The parameter y controls the complementarity of hours and work, with U, , > 0 for y > 0 and o
< 1. Without complementarity ( Y = 0), the Frisch consumption demand elasticity is o- and labor
supply elasticity is . At the calibrated level of complementarity, the actual Frisch elasticities are
somewhat above the values of these curvature parameters, though they are still a good guide.

We derive the curvature parameters from recent research on consumption and labor supply,
as surveyed in Hall (2007). We take o = 0.4, which implies a Frisch elasticity of —0.5, a value
consistent with research on both intertemporal substitution in consumption and risk aversion (it
corresponds to a coefficient of relative risk aversion of two). We take ¢y = 0.8, corresponding to a
Frisch elasticity of labor supply of one. Research on labor supply finds Frisch elasticities around
0.7 for prime-age men and somewhat above one for women and younger and older men.

To determine the value of the complementarity parameter y, we use the results of research
on the reduction in consumption that occurs when hours of work drop to zero, both involun-
tarily upon job loss or voluntarily at retirement. The research surveyed in Hall (2007) shows a
consumption reduction of about 15 percent upon either event. We interpret this as the result of
substitution of time for purchased goods that occurs when time becomes more plentiful.
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We calibrate at the point where hours /4 of the employed are one and we normalize the marginal
product of labor at one. Anticipating the finding of later calculations, we take the wage w to be 0.985
of the marginal product so that employers receive the surplus required in the MP class of models.

We also need to fix a value for unemployment benefits, b. In our normalization, b is essentially
a replacement rate, the fraction of normal earnings paid as the typical unemployment benefit.
Alan B. Krueger and Bruce D. Meyer (2002) describe the state-administered unemployment
insurance (UI) programs of the United States. Although some workers receive a substantial
fraction of their earlier wages as benefits, many features of the system limit the effective rate.
Hall (2006) calculates the ratio of benefits paid to previous earnings, on the assumption that
the unemployed have the same average wage as the employed. He finds the ratio to be about 12
percent, but this is a lower bound, because the unemployed come differentially from lower-wage
workers. Anderson and Meyer (1997) calculate an after-tax replacement rate of 36 percent from
statutory provisions of the UI system. But this is an upper bound because a significant fraction of
the unemployed do not receive any benefit. We take b = 0.25 as a reasonable estimate between
the two bounds.

All people in our economy have the same marginal utility of consumption, A. Some have zero
time at work and ¢, = 0.85¢, units of consumption, and the others have c, units of consumption
and one unit of time at work. The consumption levels ¢, and ¢, balance the family budget

(20) u(c,—b)+(1 —u)(lc,—w)=0

at an unemployment rate of u = 0.055.
The consumption first-order condition for nonworkers is

@1 V= A

u

and the consumption and work first-order conditions for workers are

(22) T — xe]"(1 = lo)= A
and
(23) x(+ 1) +a= A

We solve these three equations for y = 0.334, « = 0.887, and A = 1.70.
Finally, we insert these values into equation (18) to find

24) z=b+c,—c,+ %(U(CM,O) - U(e,,h))

1
=025 + 0,95 — 081 + 1 (~0.92 — (~145)) = 071,

These findings shed some light on Hagedorn and Manovskii’s (2008) estimate of z obtained from
aradically different calibration strategy. They require their version of the MP model to match the
derivative of the wage with respect to productivity and they calibrate to an outside estimate of the
cost of posting a vacancy. They show that the criteria imply that the flow value of non-work has
the high value of z = 0.955 (in units of productivity). The corresponding Frisch elasticity of labor
supply is 2.8, out of the range of any empirical finding. Our recalibration of their model to the
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more realistic goal of matching the part of unemployment volatility associated with productivity
fluctuations corresponds to a Frisch elasticity of 2.6.

For workers, we impute the same benefit, z, of not working while bargaining that they enjoy
while searching.

B. The Cost of Maintaining a Vacancy, ¢

We follow José I. Silva and Manuel Toledo (2007) in measuring the flow cost of maintaining
a vacancy. They report that recruiting costs are 14 percent of quarterly pay per hire, or 9.1 days
of pay per hire, based on data collected by PricewaterhouseCoopers. The days in our model are
weekdays. As described below, we take the daily probability of filling a vacancy as 4.7 percent.
The flow cost is the product,

(25) ¢ = (4.7 percent) X (9.1 days of pay) = 0.43 days of pay.

Hagedorn and Manovskii (2008) use a much lower figure for noncapital hiring cost of 0.11,
based on data for management time alone. On the other hand, they include a cost of idle capital
of 0.47, so their value for ¢ is 0.58, somewhat above ours, but not enough to alter any of our
conclusions. We are skeptical of capital costs for recruiting, which rest on two hypotheses: first,
that a vacancy involves a shortfall in employment and, second, that the shortfall causes the cor-
responding fraction of capital to be idle. An optimizing firm will generate a flow of hires so
that the resulting level of employment is close to the optimum, not chronically below because of
outflows, so vacancies should not be interpreted as shortfalls in employment. And even if there
is a shortfall, the capital should be spread over the available workers as much as possible, rather
than leaving it all idle.

C. The Employer’s Cost of Delay, vy

We choose vy in the stationary version of the credible-bargaining model so that it generates the
observed average level of unemployment, 5.5 percent. The resulting value of vy is 0.23 days of
worker productivity per day of delay. This value is about half of Hagedorn and Manovskii’s esti-
mate of the cost of idle capital, which is more consistently used as cost of bargaining delay than
as vacancy cost, for the following reason: in equilibrium no delay occurs. Hence, the delay is not
one for which a rational manager would prepare. Unless investment is observed by the applicant
and influences bargaining, capital will be installed at the moment a qualified applicant appears,
not held off until bargaining is completed.

We could, alternatively, interpret -y as the cost that the employer incurs in formulating a coun-
teroffer. The employer avoids this cost by accepting the worker’s offer. If the worker produces
$20 per hour or $160 per day, then y = 0.23 implies a cost of $37 to produce the counteroffer.
Notice that the value of 7y only comes into play two steps off the equilibrium path. First, the
worker makes a counteroffer to the employer’s starting offer, which never happens on the equi-
librium path. Second, the firm counters the counter offer, which also never happens, even one
step off the equilibrium path. Nonetheless, the value of y has an important role in determining
the equilibrium bargain.

D. The Probability, 6, That a Job Opportunity Disappears during Bargaining

Higher values of 6 lead to lower volatility of unemployment in our model. Our knowledge
of & is limited to the view that the probability cannot be smaller than the probability s that a
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job itself loses its productivity. We believe that the situation during bargaining is more fragile,
however. We choose 6 to match the observed volatility of unemployment, just as Hagedorn and
Manovskii choose z to match unemployment volatility by matching wage flexibility. That value
is 0 = 0.0055 per day, or four times the probability that a job will end.

E. Turnover and Values in the Standard Model

We calibrate to a separation rate of 3 percent per month, or 0.14 percent per day, and an unem-
ployment rate of 5.5 percent. These imply a job-finding rate of 2.4 percent per day. We take the
vacancy/unemployment ratio, 6, to be 0.5, the average from 2000 to 2007 in the vacancy and
unemployment surveys. The calibration is in the stationary equilibrium of a version of the model
with only one state (V = 1) with marginal product of labor, p, equal to one. We take the discount
rate r to be 5 percent per year, or 0.019 percent per day. We take labor’s bargaining power or
share of the surplus to generate a wage at the value, 0.54, needed to satisfy the zero-profit condi-
tion of equation (4).

Following a substantial literature, we take the job-finding function to have a constant elastic-
ity with respect to the vacancy/unemployment ratio, 6. Barbara Petrongolo and Pissarides (2001)
find that the range of plausible estimates of the elasticity of the function is 0.3 to 0.5. Most of
their estimates come from countries other than the United States. Hall (2005) estimates a value
of 0.77 based on the large movements of the vacancy/unemployment ratio and the job-finding
rate in the US recession of 2001, using data from the new vacancy and turnover survey that began
in 2000. We take the value to be 0.5, so our job-finding function is

(26) b(0) = bt
and the recruiting rate function is

27 q(0) = 0.

We calibrate the efficiency parameter ¢, = 0.024 to the job-finding rate and vacancy/unem-
ployment ratio.

At the calibrated stationary equilibrium, the wage is W = 627. The lower limit of the bargain-
ing set for Wis U — V = 616 and the upper limit is P = 636.

F. The Driving Force

We take output per hour of labor input as the productivity driving force—see Hall (2007)
for an explanation of why this is the appropriate concept of the driving force, as opposed, for
example, to total factor productivity. Our data are from the same source as Shimer (2005) and
Hagedorn and Manovskii, the quarterly series on output per hour in the business sector, series
PRS84006093 from the Bureau of Labor Statistics. We compute the driving force as deviations
of log productivity from a fourth-order polynomial in time.

We create a discrete version of the productivity deviations, with N = 5 values, as shown in
Table 1. The stationary probabilities of the five categories are equal at 0.2.

Figure 1 shows the dynamic response of productivity to a one-time disturbance. The figure
shows productivity starting at category 2 with a deviation of —0.95 percent, and plots the mean
value of each day thereafter as it follows the path determined by the transition matrix, 77, in
Table 1.
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TABLE 1—TIME-SERIES PROCESS FOR PRODUCTIVITY

Productivity deviation Daily transition probability to new category

Category (percent) (€] 2) 3) (€)) )

1 —2.69 0.9944  0.0046  0.0005 0.0000  0.0005
2 —0.95 0.0057 0.9859 0.0073 0.0005  0.0005
3 0.07 0.0000  0.0083 0.9849 0.0063  0.0005
4 1.21 0.0000  0.0010 0.0068 0.9854  0.0068
5 2.43 0.0000  0.0000  0.0005 0.0077  0.9918

G. Unemployment Volatility Attributable to Productivity Fluctuations

Shimer (2005) focused on the question of whether the MP model could explain the observed
volatility of unemployment as solely the result of fluctuations in productivity. Much of the
research his paper triggered has remained in this framework. But, as Mortensen and Nagypal
(2007) point out, simple econometrics shows that no reasonable model similar to the MP model
could explain all of unemployment volatility. A good deal of unemployment fluctuation is uncor-
related with productivity.

We have explored a variety of regressions of quarterly unemployment on the productivity mea-
sure just discussed. The standard deviation of the residuals from these regressions is a measure
of the component that presumptively defies explanation by productivity fluctuations. We find
that lagged productivity adds to the explanatory power. We will use a simple example that lies
midway between the specification with lowest assignment to productivity (only a single right-
hand variable, the contemporaneous productivity deviation) and the one with the highest (many
lagged deviations included, as well with separate coefficients). This specification relates current
unemployment to the productivity deviation three quarters earlier.

The regression delivers the following decomposition of unemployment volatility: the standard
deviation of unemployment over the sample period, 1948:1V through 2007:1, is 1.50 percentage
points. The standard error of the residuals is 1.34 percentage points; this is the component beyond

1.002+
1.0004
0.998
0.996

0.994

Expected flow productivity, p

0.992 4

0.990 T T T T

Years

FIGURE 1. IMPULSE RESPONSE FUNCTION FOR PRODUCTIVITY
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TABLE 2—COMPARISON OF THREE MODELS

Model
Measure Our estimate ~ Mortensen-Pissarides ~ Hagedorn-Manovskii  Credible bargaining
Input Output Input
Flow value of non-work, z 0.71 0.71 0.93 0.71
Output Output Output
Worker’s share of surplus 0.54 0.19 0.54
Productivity component of Output Input® Input
unemployment volatility, 0.68 0.17 0.68 0.68
standard deviation in
percentage points
Input Output Input
Labor supply elasticity 1.0 1.0 2.6 1.0

“See text; Hagedorn and Manovskii actually calibrate to wage flexibility.

the reach of a productivity explanation. The implied standard deviation of the component driven
by productivity is 0.68 percentage points. We will consider models that deliver this amount of
volatility when driven only by the productivity process just derived.

ITII. Comparison of Models

We consider three models in the generalized MP class. These are the canonical model of
Mortensen and Pissarides (1994), Hagedorn and Manovskii’s (2008) variant of the MP model
with Nash bargaining, and the credible-bargaining model of this paper. To facilitate the compari-
son, we will standardize the nonwage parts of the model involving the matching function and the
separation rate. We will require the three models to have the same average unemployment rate
of 5.5 percent. For the MP model, we use our estimate of the flow value of nonwork, z, which is
higher than Shimer and others have used. For Hagedorn and Manovskii’s model, we adopt their
strategy of choosing the value of z from macro data. They choose it to match a measure of wage
flexibility. We choose it to match our measure of unemployment volatility induced by productiv-
ity fluctuations. Later we will discuss the implications for wage flexibility.

A. Comparison of Basic Properties

Table 2 describes the inputs and results of solving the three models. In the upper part of each
cell, “input” means that we used the measure from the previous section to calibrate the model
and “output” means that the value came from the solution to the model.

The Mortensen-Pissarides column replicates earlier findings that it produces too little volatil-
ity of unemployment from realistic fluctuations in productivity. Even with the higher value of z,
the implied standard deviation of unemployment fluctuations is only 0.16 percentage points, less
than a quarter of the estimated level of 0.68 percentage points. Shimer’s critique survives two
major changes—a higher value of z and a much lower target for the amount of unemployment
volatility that the model should be able to explain.

The Hagedorn-Manovskii column shows that the Nash-bargaining model can replicate the
observed amount of unemployment volatility induced by productivity fluctuations, but with a
high value of the flow value of nonwork, z, and a Frisch elasticity of labor supply of 2.6, far
above the values found in research on this topic. Further, their version of the model implies a
low bargaining weight of 0.19 for the worker, with the employer taking 81 percent of the joint
surplus of the match.
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TABLE 3—RESPONSES TO CHANGES IN PRODUCTIVITY

Slope with respect to P Elasticity
U \4 w Unemployment rate
Nash bargaining, Mortensen- 1.14 0.30 0.93 —4.7
Pissarides calibration
Nash bargaining, Hagedorn- 0.87 0.23 0.71 —19.1
Manovskii calibration
Credible bargaining 1.20 0.32 0.69 —20.0

The credible-bargaining column shows that our model can replicate the observed volatility
of unemployment with reasonable values of z and of the elasticity of labor supply . Also, the
worker’s share of the joint surplus implied by our calibration is 0.54, which is the same as in the
MP model. Besides depending on z and v, this share depends also on the parameter 8, the daily
probability that a job opportunity would vanish during bargaining, which we took to be four
times the probability that a job becomes unproductive once it starts.

B. Responses to Changes in Productivity

With Nash bargaining, the wage responds directly to P with a derivative equal to the bargain-
ing weight B in equation (8). It responds indirectly through the presence of the opportunity cost
term (1 — B)(U — V) in the same equation. U falls by more than V, so the opportunity cost falls
and the wage falls on that account as well.

Table 3 shows the slopes of the responses of the relevant variables in the three models, mea-
sured by comparing the values in state 2 with those in state 4. For the MP Nash calibration,
the unemployment value U rises by a bit more than P rises—this reflects the direct effect of
a higher P on the wage and thus on U, plus the added benefit from the small tightening of the
labor market, which raises U by shortening the time until the next job begins to pay. The value
of the worker’s subsequent career, V, rises by less than P, because the increase in P is transitory,
as shown in Figure 1. Thus U — V'rises 84 percent as fast as P. The response of the wage is 0.93
times the increase in P. Because the wage W responds almost one-for-one to changes in P, the
profit contribution of a new worker, P — W, hardly increases. Finally, according to equation (4),
the vacancy/unemployment ratio 6 rises only a little, so unemployment falls only slightly. The
elasticity of unemployment with respect to P is —4.7, which is not nearly large enough to account
for the volatility of unemployment.

With Nash bargaining and the Hagedorn-Manovskii calibration, the responses are different,
as shown in the second line of Table 3. The direct contribution of P to W is smaller because
the worker’s bargaining power is so much less—again see equation (8). The response of the
opportunity cost U — Vis also smaller because wages in alternative jobs respond less. The wage
responds by only 71 percent of the change in productivity. The surplus accruing to the employer,
P — W changes by the remaining 29 percent and induces sharp changes in conditions in the
labor market. The elasticity of unemployment with respect to productivity is —19, enough to
account for the observed covariation of productivity and unemployment. Recall that this calibra-
tion achieves the realistic elasticity by making the elasticity of labor supply unrealistically high
and the bargaining power of labor low.

The credible bargaining model arrives at a similarly realistic elasticity by quite a different
route. Equation (12) is a close approximation that helps explain the responses. The wage responds
directly to a productivity change with a coefficient of 0.5. V responds by slightly more than it
does in the MP case. The increase in U is somewhat larger than in the MP case, because the
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TABLE 4—DECOMPOSITION OF EFFECTS OF PRODUCTIVITY ON THE WAGE

Slope of P’s contribution to W via Slope of W with
P U \%4 respect to P
Nash bargaining, Mortensen- 0.54 0.52 —0.14 0.93
Pissarides calibration
Nash bargaining, Hagedorn- 0.19 0.70 —0.18 0.71
Manovskii calibration
Credible bargaining 0.50 0.35 —0.16 0.69

labor market tightens much more with credible bargaining. Because of the limited response to
U — V, the wage response is only 0.69, in contrast to 0.93 in the MP-Nash case. The profit con-
tribution, P — W, rises substantially, stimulating recruiting effort and lowering unemployment.
The elasticity of unemployment with respect to P is —20, replicating the observed covariation of
unemployment and productivity.

Table 4 presents the same information in a different format. The far-right column shows the
same wage responses as in Table 3. The three columns to the left decompose the responses into
the three channels corresponding to P, U, and V. The direct effects from P in the left column are
the two values of the bargaining weight, 3 for the Nash models and 0.5 for credible bargaining.
The effects operating through dV/dP are multiplied by 1 — 8 for the Nash models and 0.5 for
credible bargaining. We calculate the positive effect operating through unemployment value U
as the residual from the total effect and the other two effects. They are considerably larger in the
two Nash cases than in the credible-bargaining case—this is the point of our analysis.

Table 4 shows clearly the differences in the explanation of the strong response of unemploy-
ment to productivity in the Hagedorn-Manovskii Nash model and in the credible-bargaining
model. Hagedorn and Manovskii limit the direct effect of productivity by choosing a low bar-
gaining weight for workers. The direct influence of productivity on the wage is correspondingly
low. Their account of the influence of productivity operating though U and V is essentially the
same as in the MP calibration. The credible-bargaining model, by contrast, has about the same
direct effect of productivity on the wage as does the MP model but limits the role of the unem-
ployment value U.

IV. Wage Flexibility
Our results have immediate and simple implications for wage flexibility. All the models we

have discussed share the same zero-profit condition with the same parameter values. Let &t =
u/(1 — u), the unemployment/employment ratio. The zero-profit condition can be written,

R cs
(28) a(P; — W) =—--
g
Then the flexibility of wages is
(29) Wy o
dpP i’ dP

The response of the wage to productivity—the measure of wage flexibility—is directly related
to the response of unemployment to productivity. No other response appears in the derivative.
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Table 4 shows that the flexibility needed to rationalize the joint movements of productivity and
unemployment is a derivative of about 0.7.

Hagedorn and Manovskii (2008) measure wage flexibility from wage and productivity data
and find a derivative of about 0.5. Although the Hagedorn-Manovskii estimate of flexibility is not
too much lower than the value implicit in our model, we are skeptical that econometric studies
of aggregate wage data can shed much light on the issue of unemployment volatility. The wage
variable W in the MP class of models is the employer’s expectation of the present value of wage
payments over the duration of a job, for workers about to be hired. Teasing this value out of data
on wages paid to all workers, including those hired decades ago, is a daunting exercise.

Pissarides (2007) reviews evidence on the changes of wages when individual workers change
jobs. He reports a relation between these changes and unemployment levels that is line with the
wage flexibility in our model and that of Hagedorn and Manovskii—that is, a coefficient of the
log of the wage on unemployment of slightly less than three. Christian Haefke, Marcus Sonntag,
and Thijs van Rens (2007) develop a wage index from the wages paid to workers taking jobs after
having been out of the labor force. They find an elasticity of the new-hire wage with respect to
productivity of around one, but with a sufficiently large standard error that the value in our Table 4
of about 0.7 for our model and Hagedorn and Manovskii’s is easily accepted. Though both papers
are skeptical about wage stickiness, they do not demonstrate that the observed behavior of wages
is inconsistent with the limited amount of stickiness needed to explain the observed level of
unemployment volatility.

V. Additional Topics

A. Implications of Matching the Observed Average Unemployment Rate
and Observed Vacancy Cost

Along with virtually all researchers in the MP and related traditions, we require that the
models we consider replicate the average unemployment rate i1, which we take to be its average
over the past 60 years of 5.5 percent. From equation (9), we infer the job-finding rate ¢ from the
unemployment rate and the separation rate s. According to the zero-profit condition, equation
(4), common to all the models we consider, the surplus accruing to the employer, P — W, is nine
days of worker productivity. It is the ratio of the vacancy flow cost ¢ to the recruiting rate ¢/6.
The recruiting rate is the ratio of the known job-finding rate and the known vacancy/unemploy-
ment ratio; the flow cost ¢ is known from the sources we discussed earlier. Thus, the employer’s
surplus is known from our outside information about c, ¢, and 6. The amount of the employer
surplus, and the counterpart surplus accruing to workers, controls important features of the cali-
bration of the rest of the model. We do not think it would be appropriate to adopt a calibration
that failed to match the value of P — W implied by the outside estimates.

Among Nash-bargaining models, fixing the known value of P — W, matching # creates a
trade-off between the two parameters controlling unemployment, the flow value z and bargain-
ing power B. Our MP calibration with z = 0.71 and 8 = 0.54 is one point on that trade-off and
our Hagedorn-Manovskii calibration with z = 0.93 and 8 = 0.19 is another. In the credible-bar-
gaining model, the corresponding trade-off is between z and the employer’s delay cost y. Given
our belief that z = 0.71 is known from research on labor supply and consumption, the implied
value of y is 0.27 days of worker compensation per day of delay. The reasonableness of this cost
provides some confirmation of the model itself.

The sum of z and vy is 0.98, not very different from the value of z by itself in our version
of Hagedorn and Manovskii’s calibration, namely 0.93. One might conclude that the credible-
bargaining model is really the same as their model, with a different rationalization for the same
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value of z + 7. It is true, as we noted above, that z + <y controls the unemployment rate, so if we
believed in a higher z, we would need to believe in a lower v, but this sum alone does not deter-
mine unemployment volatility. In the credible-bargaining model, volatility is also controlled
by the frequency of bargaining interruptions, 8. The fact that the Hagedorn-Manovskii value
of z corresponds to a y of zero in our model is essentially unrelated to the fact that our model
and theirs imply equal values of unemployment volatility. For example, the credible-bargain-
ing model with 6 = 0 implies much higher unemployment volatility, but still has z + y close to
Hagedorn and Manovskii’s z.

B. Values during Hypothetical Bargaining

In the middle state, i = 3, the value of the job-seeker’s hypothetical counteroffer is W' =
619.756, while the employer’s original offer, and the governing wage, is W = 619.435. The job-
seeker is indifferent between accepting W and counteroffering W’ with a one-day delay in the
onset of employment. The elements of the indifference condition in equation (10) are:

(i) Lose Wand gain[(1 — 8)/(1 + r)]W' for a net loss of 3.17,
(i) Lose Vand gain[(1 — 8)/(1 + r)]V for a net loss of 25.04;
(iii) Gain oU = 27.78;
(iv) Gain (1 — 8)z = 0.71.
C. Competing Opportunities during Bargaining

So far, we have assumed that as the worker and employer negotiate, they are never interrupted
by another competitor—a worker or employer. How might allowing new arrivals during negotia-
tions alter our analysis?

Rubinstein and Wolinsky (1985) found negotiated prices far from competitive equilibrium
even when search frictions are small in an alternating offer bargaining model. Gale (1986) modi-
fied their model to allow arrivals of additional players during bargaining and assumed that new
arrivals trigger an auction. In the labor market context, if the newly arriving bargainer were a
worker and the two workers bid in an auction for the single job, then the losing bidder would
return to unemployment, which pays U. Then, Bertrand competition would also limit the win-
ning bidder to a payoff of U, tying the equilibrium wage tightly to the unemployment payoff. If
the new arrival were another employer, Bertrand competition between the two employers would
give the worker the entire surplus.

We study the two cases separately. In the case of two workers bidding for the same job, the
basic structure of the Mortensen-Pissarides model permits a simple argument that the auction
will have the same equilibrium wage as bilateral bargaining. Employers create jobs costlessly,
apart from a recruiting cost. An employer cannot commit not to bargain with the loser of the
auction, because the bargain will yield a positive value to the employer, as in our earlier analysis.
The bids in the auction will reflect the knowledge that the loser gets the bargained wage. Hence
the equilibrium of the auction is the bargained wage, and the auction possibility has no effect on
our earlier conclusions.

The case of two employers bidding for the same worker is quite different. The losing employer
returns to recruiting—there is no alternate worker standing in the wings, comparable to the
alternate job in the previous case. The lucky worker receives a wage equal to productivity and the
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winning employer receives no part of the surplus. The result is to connect the wage to productiv-
ity, not to make the unemployment value U a direct determinant of the wage. However, labor-
market conditions have a larger role in wage determination because they control the probability
that a second employer will appear during bargaining.

It should not be taken for granted that a job-seeker can run an auction where two employers
make competing bids. We have found no empirical literature studying how bargaining takes
place in labor markets, but casual empiricism suggests that for many types of jobs, auctions
among employers for a worker are not common.

One practical reason that auctions for a worker do not occur is that an employer cannot verify
the bid of another employer. The worker’s representation about a competing opportunity is cheap
talk and it is hardly in the employer’s interest to confirm the worker’s claim. If no auction is
available, the best the worker can do is to pick the employer where the bilateral bargain is most
favorable and make that bargain.

Even when wage offers are common knowledge among the parties, the equilibrium depends
on the bargaining protocol. Consider the following bargaining game, which we believe may gov-
ern important parts of the labor market. When it is the worker’s turn to make an offer, she can
abandon bargaining with the first-to-arrive employer, and instead make an offer to the second
employer, leaving the first employer to return to recruiting.

In this game, when the worker abandons bargaining with the first employer, she enters a sub-
game that is identical to the bargaining game we have analyzed above, leading to a worker’s
payoff of W + V. So, we can analyze the subgame perfect equilibria of the new game by replacing
the subgame with a terminal node at which the worker is assigned a payoff of W + V. That payoff
functions as an outside option for the worker—an amount that she can claim if she stops bargain-
ing with the first employer. By the BRW logic, this outside option does not affect the agreement
with the first employer: the worker cannot credibly threaten to refuse a deal today paying W +
V, and terminate negotiations today in favor of a deal paying the same amount tomorrow. Hence,
in this model, the wage bargain is unaffected by the arrival of a new job applicant. It is easy to
show that the same conclusion applies for any model in which the worker can switch back and
forth up to some maximum number of times.

Of course, we do not believe that competition from other applicants for a job or other jobs
available to a worker is actually as limited as the characterization in our model. Not every
employer has a second job ready when two qualified applicants appear at the same time for one
job. In some cases, competing offers to the same applicant can be verified, so a worker can run
an auction. Perhaps in some cases workers can put competing employers in the same room and
make them bid directly against each other. Our point is that there are good reasons to think that
these situations are not the rule and that the rule is bilateral alternating-offer bargaining.

VI. Concluding Remarks

The process by which workers and employers reach agreement on the terms of employment
is a key determinant of real-wage rigidity and has first-order implications for the volatility of
unemployment. If the parties believe that rejecting an offer results in an immediate return to
unemployment, then the wage is naturally sensitive to conditions in the labor market. But the
belief that the only alternative to accepting an offer is to return to unemployment is wrong; the
parties can instead simply continue to bargain. When two well-matched parties recognize that
one side cannot credibly refuse to consider a counteroffer, conditions in the outside labor market
have much less influence on the wage bargain.

In the standard Mortensen-Pissarides model, if unemployment were to become high, the
resulting fall in wages would stimulate labor demand and excess unemployment would vanish.
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With credible wage bargaining, however, the limited influence of unemployment on the wage
results in large fluctuations in unemployment under plausible movements in the driving force.

APPENDIX: CALIBRATION

TABLE 5—VALUES OF ENDOGENOUS VARIABLES FOR CALIBRATION

Variable Interpretation Value Source
u Unemployment rate, percent 5.5 Current Population Survey,
long-run average
[ Job-finding rate, percent per day 2.4 JOLTS hiring flow rate divided
by unemployment rate
[% Vacancy/unemployment ratio 0.5 Vacancy rate from JOLTS
Standard deviation of unemployment 0.68 See text, Section IIG

related to productivity fluctuations, percent

TABLE 6—VALUES OF CALIBRATED PARAMETERS

Parameter Interpretation Model Value  Calibration strategy
s Exogenous separation rate All 0.001  See Hall (2005). Rate of 3 percent per month
from JOLTS.

Elasticity of job-finding rate All 0.5 Compromise between lower value found in earlier
research and higher value found in JOLTS—
see Hall (2005a)

o Coefficient of matching All 0.034  Solve the job-finding function given 6 and the

efficiency job-finding rate from Table 5

r Daily interest rate All 0.000192  Annual real rate of 5 percent

B Worker’s bargaining power MP 0.5445  Solve the zero-profit condition to match
HM 0.1892 unemployment rate

3 Daily probability that job CB 0.0055  Match employment volatility

opportunity disappears
during bargaining

c Cost of maintaining vacancy, All 0.433  See Silva and Toledo (2007)
in days of productivity
per day
b UI benefit replacement rate  MP and CB 0.25 See text, Section ITIA
z Flow value of nonwork MP and CB 0.71 See text, Section ITTA
HM 0.932  Match employment volatility
k% Cost to employer of delaying CB 0.27 Solve the zero-profit condition to match
bargaining by one day and unemployment rate

formulating a counteroffer,
in days of productivity

Note: MP is Mortensen-Pissarides, HM is Hagedorn-Manovskii, and CB is credible bargaining.
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