Introducing asymmetric information in the credible bargain: an
explanation of the real wage stickiness

Abstract

In this paper, we introduce the asymmetric infororata la Kennan in the Hall-Milgrom
framework so as to replicate the elasticity of tbal wage with respect to labor productivity
found by Hagedorn-Manovskii (0.5). We believe thla¢ empirical real wage stickiness
results from the rigidity of the two bounds of th&rgaining set. The Hall-Milgrom model, by
only making the lower bound less flexible, does geherate enough wage rigidity. At the
same time, the Kennan’s asymmetric information iegph less pro-cyclical upper bound. In
introducing this imperfection in the Hall-Migromaimework, we make the two bounds of the
bargaining set less flexible and find a real waagest productivity elasticity very closed to
Hagedorn-Manovkii. Hence, our simple story providaesempirically realistic explanation of
the real wage rigidity which is completely basedlos bargaining theory.



1/ Introduction

The starting point of this paper is related to 8temer’'s (2005) « unemployment volatility
puzzle »: the DMP class of models (« DMP » forithigal contributions of Diamond (1982),
Mortensen (1985) and Pissarides (1985)) would lmeessful in reproducing the observed
unemployment rates in different countries, but clatgby unable to replicate the volatility of
these unemployment rates following an aggregatelyatovity shock. Remember that the
DMP framework modelizes in an intuitive and simplay the labor market imperfections
responsible of some stylized facts (mainly the Bielge curve and the different cyclical
behaviors of labor productivity and real wages) thavalrasian representation of the labor
market is not able to reproduce.

Shimer shows, for the 1951-2001 period in the UWhitates, that the unemployment rate
implied by a canonical DMP model is 15.2 times lesktile than empirically observed for
that period, the vacancy rate 11.4 times less M®lahd the tightness 12.5. Hence, the DMP
class of models would be unable to reproduce thetility of the main variables on the labor
market following productivity shocks of observedes, that is to say small sizes.

Shimer attributes this weak volatility to the higho-cyclicity of the real wage in these
models. This strong pro-cyclicity would result frothe use of the Nash bargain as a
mechanism of determining the real wage in theseetsoth the Nash bargain, the agreement
reached by the two players is such that each abtdileast the amount of her threat point and
the joint surplus is shared between the two playdts respect to their bargaining power. The
threat points, as usual, are the outside optiortkeoplayers: the unemployment value for the
worker (since there is no on-the-job search) aedvtilue of a vacancy for the employer (that
is to say zero since there is free entry in thedgpmarket). The present value of the real
wage that results from the Nash bargain is alwagated between two bounds. These two
bounds are called “the bargaining set”. For thé weaye, the upper bound is the present value
of the labor productivity (which is the reservatiaiue of the employer) and the lower bound
is the unemployment value (which is the reservatiaine of the worker). Shimer shows that
when there is a shock on labor productivity, the tvounds fluctuate by the same magnitude.
Since in usual calibrations the bargaining powergshe workers and the employers are
approximately identical, the fluctuations of thalrevage will be of the same order as those of
labor productivity. As a result, when there is &ipee shock on labor productivity, the real
wage will increase by the same amount. Hence, tbét @f the employer, equal to labor
productivity minus the real wage, and consequeritig incitation to create vacancies,
increase only marginally: this explains why the mpéoyment rate does not fluctuate so
much in this class of models.

For Shimer, the only way to solve the unemploymatatility puzzle is to replace the Nash
bargain by alternative mechanisms for the deterimnaof the real wage. These alternative
mechanisms have to exhibit a relatively high degrestickiness for the real wage, for the
profit to increase following a positive labor pratiuity shock.



Nevertheless, this argument raises an importargtigune one could reasonably wonder if the
real wage is in fact sticky. Hagedorn and ManovEkii06, 2008) will answer this important
guestion. There are three key points in their elcgdistudy. First, from aggregate data (BLS
(1951:1 — 2004 — 4)) of the United-States, they fam elasticity of the real wage with respect
to labor productivity of approximately 0.5: this ams that when labor productivity increases
by 1 percent, the real wage responds by an incifasely 0.5 percent. For their estimation,
they use the BLS’ seasonally adjusted real avevatgut per person in the non-farm business
sector as a measure of labor productivity and &erl share times labor productivity as a
measure of the real wage. Second, in order to ah@ictyclical selection bias attributable to
the entry of low wage workers into employment irofms and exit in recession, they also
estimate the elasticity of the real wage with respe labor productivity employing individual
data from the PSID for the real wage. Once agh#y find an elasticity of approximately 0.5.
The third key point of their study is that this ®laity is the same for new matches as for
ongoing matches: contrary to the results of sortimation in Pissarides (2007), the elasticity
for news matches is not higher than the elastfoityyngoing matches.

As a result, a large part of the subsequent lieeabn the unemployment volatility puzzle
introduces sticky real wages in the DMP class oflel® For example, Hall (2005) replaces
the Nash bargain by the Nash demand game for ttegndi@ation of the real wage in new
matches and considers that the wage resulting filoish game will be independent of
productivity shocks because of the existence o$acial norm”. Hagedorn and Manovskii
(2006, 2008) keep the Nash bargain but imposethieateal wage-labor productivity elasticity
estimated empirically be a target of their calilmatstrategy. They find that a bargaining
power for the worker of 0.19 allows the Nash bardgaireplicate the elasticity of 0.5 and use
this value of the bargaining power to make the wesgde sticky.

Nevertheless, neither of these two contributiondars in a satisfactory way why there is a
real wage rigidity. In both cases, as in other papehis rigidity is set exogenously, in an ad-
hoc manner. The real wage stickiness is much mistlithan explained. The Hall-Milgrom
(2008) paper is, to our knowledge and to our ominithe first attempt that successfully
provides an explanation of this rigidity that iscne-founded, based on the bargaining theory.
As we will show in the next section, Hall and Mign (HM for the rest of the paper) replace
the axiomatic Nash bargain by the strategic altergaffers bargaining of Rubinstein (1982).
They demonstrate that the joint surplus of a ma&uch that the threat, for the employer as
for the worker, to leave the negotiation beforeythheach agreement is not credible: the
outside options of the two players are not credibteat points. The main implication is that
the lower bound of the bargaining set is no lortherunemployment value but the costs of
delaying the agreement, whereas the upper boundsign the Nash bargain, the labor
productivity. The costs of delay are constant aotlaifected by productivity shocks. As a
consequence, the real wage in the HM model is ystlmkcause the lower bound of the
bargaining set is itself sticky following a labaroguctivity shock. They find an elasticity of
the real wage with respect to labor productivitytims model of 0.7. Hence, there is an
important part of the wage rigidity that this madelth a realistic calibration, is not able to
capture.



In this paper, we add to the HM model another smofaeal wage rigidity, so as to replicate
the Hagedorn-Manovskii real wage-labor productivatgsticity. This additional source of
rigidity results from the following intuition: wehink that when there is an aggregate shock to
labor productivity, not only the lower but also theper bound of the bargaining set are less
pro-cyclical than labor productivity. We do notrtkithat the wage rigidity comes from an
exogenous static wage (because of a social normng&tance) whereas the two bounds
fluctuate. We do not either think that this rigiditesults from a very low value of the
bargaining power of the worker, nor from a contyalcal behavior of this power. We do
believe that the real wage is sticky because itsliaunds are sticky. Then, we add to the HM
model a mechanism that makes the upper bound dfatgaining set less pro-cyclical. This
mechanism has to be based on the bargaining thawody intuitively convincing. The
asymmetric information of Kennan (2009) respedtthalse conditions.

In the Kennan model, the labor productivity has te@mponents: an aggregate one,
observable by both the worker and the employer,anidiiosyncratic one, observable only by
the employer. The idiosyncratic component couldetako values, low and high. Kennan
demonstrates that the optimal behavior of the worketo be prudent in response to the
asymmetric information relative to idiosyncraticoguctivity. This implies that the upper

bound of the bargaining set is always the low valuthis productivity, less pro-cyclical than

the productivity effectively realized.

In this paper we introduce the asymmetric inforovatof the Kennan model in the HM
framework, to have the two bounds sticky. With shene calibration as HM, we obtain a real
wage-labor productivity elasticity of approximate®/55, very closed to the Hagedorn-
Manovskii estimation. Hence, we provide an empillyoaalistic explanation of the real wage
rigidity which is completely based on the bargagnineory. Our simple story identifies all the
mechanisms that make the real wage less pro-clalivan there is an aggregate productivity
shock. We are then able to explain this rigidityyomith the behavior and the strategies of the
agents, without having to introduce exogenous ssurc

The rest of this paper is organized as followshk next section, we briefly present the HM
and the Kennan models, focusing on the wage bargaghthe implications for the wage
stickiness. In section 3, we introduce the asymmatformation “a la Kennan” in the HM
framework and comment our results. We show thatrwue keep the Kennan assumption
relative to the behavior of the idiosyncratic protlity, our result applies only for news
matches. Then, we make an alternative assumptidfirash that our elasticity now applies for
both new and ongoing matches, in line with thenestion of Hagedorn-Manovskii. We
conclude in section 4.

2/ Hall-Milgrom (2008) and Kennan (2009) contributbns

2.1/ The Hall-Milgrom framework




Before turning to the HM contribution, we brieflgturn, in a formal way, on the implications
of the Nash bargain for the real wage, as typiaadlgd in the DMP class of models. We take
here the notations and the Bellman equations eredloyHM. We wrote in introduction that
the real wage resulting from the Nash bargain viaayes located inside the bargaining set in
the following manner:

W=BR + (1 —B)(Us - V)

1
with U=z+—— 2 T [O)Wi + Vi) + (1 -¢(0))Us]

Vzl_j-r 2 mp [sUr + (1 —s)V]

1
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with i the state of the economy at the currentqeerl the unemployment value,i the value
an employed worker enjoys for the rest of her caethe flow value received per period by a
job-seeker (composed of the unemployment bendfiesyalue of leisure and sometimes the
value of the home productiorg), the labor market tightnesg(6i) the job-finding ratep the
bargaining power of the worker,\tYie present value of the wage, r the discount(ssfeal to
the interest rate), s the exogenous separationpiatee flow value marginal product of labor,
P the present value of the output produced over tlese of the job, c the per period cost to
post a vacancy and, the transition matrix. Workers and employers ask neutral. (- V;)

is the opportunity cost of a match or the reseovatialue of a worker.

When there is a transitory productivity shock, Er@ases, which induces a direct jump of W
weighted byp. This direct impact of P on W involves an increatél, because U depends on
the wages offers in other jobs. U also rises sthegob-finding rate rises. V increases but less
than U, since the shock is transitory. ConsequeRtlgnd (U — V) rise by the same amount.
Since the value df usually obtained approximate 0.5, the increasésafd (U — V) have the
same impact on W. Then, W and P jump by the sanmuatrand the elasticity of W with
respect to P equals 0.96.

In their paper, HM replace the Nash bargain with dlternating offers model of Rubinstein
(1982) with outside options. In this framework, therker (who is unemployed, since there is
no job-to-job flows) and the employer alternatenmaking proposals until they reach an
agreement. After a proposer makes an offer, thgoreing party has three options: accept the
current proposal; reject it, perceive her reseovatutility during this period and make a



counter-offer next period; abandon the negotiatiod take her higher outside option. Here,
the reservation utilities are the flow values reediby the players during the negotiation, that
is to say z for the worker (z is a gain) ander the employery(is fixed cost for the employer
since there is no production during the bargaimme best outside option for the worker is U
and zero for the employer, as in usual versiontb®Nash bargain. HM introduces, on top of
the outside options, an important parameter irRiheinstein model: the probabilifythat the
bargain ends after a proposal was made but beéarehing an agreement. In that case the
players obtain their outside options. This probgbis completely exogenous and is different
from the case that a player unilaterally leavesbgain to take her outside option. HM then
examines two polar cases, the other cases beiearlcombinations of the polar ones. These
cases aré =1 andd = 0.

The case = 1 is such that that player selected to makditsieproposal makes a “take-it-or-
leave-it” one. Remember thét= 1 means that the bargain is bound to intermugit gfter this
first proposal. The player who offers this proposelkes it in a way that this offer is just
acceptable for the responding party, that is torsagginally higher than the outside option of
this party, since she would not be able to makeuater-proposal if she decided to reject this
first proposal. HM make the assumption that itlisags the employer that makes the first
offer. In that case, the proposal just acceptatretfe worker is W+ V; = U. If the worker
had made the first offer, the proposal just acddptéor the employer would have been-P
W; = 0. Withé = 1, the threat points are the outside optionsnake usual versions of the
Nash bargain. Note that the player that makesitsieproposal receives all the joint surplus.

However, this case is of “secondary importance” Hiiv, since empiricallys is closed to
zero. Hence, it is on the other polar case(, that HM focus their analysis. This case fully
corresponds to the Rubinstein (1982) model witlsidetoptions.

To make the exposition easier, first suppose teaher the worker nor the employer has an
outside option. HM then define W and W’ as, respety, the lower wage that a worker will
accept to perceive and the higher wage the emplajeaccept to pay. In other words, W is
the reservation wage of the worker and W’ the regeyn wage of the employer, with
obviously W' > W. When the employer makes the foffer, it is optimal to propose W, the
proposal just acceptable for the worker. As inRubinstein model, W is such that the worker
is indifferent between accepting this proposal thesiod and refusing it (receiving z this
period) to make the counter-proposal W’ next periGdnsequently, at the unique perfect
equilibrium of this game, we have:

1
Wi+ Vi= 2 +—— 2 mp Wi + Vi ]
1+r

If the worker had made the first proposal, it wobllve been optimal to offer P — W', just
acceptable for the employer. Once again, P — Wsuish that the employer is indifferent
between accepting this proposal this period anasned) it (loosingy this period) to make the

counter-proposal W next period. Consequently, @autique perfect equilibrium of this game,
we would have:



, 1
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It is the impatience of the players that leadsrttie make just acceptable offers at the first
proposal. Hence, the bargaining process is onlyalir it is not optimal for the players to
waste time bargaining since they perfectly knowuheue solution of the game.

Consider now what happens when we introduce outsipons | and zero.HM
demonstrate, and this is the point of the paper, tht these outside options do not impact
the result of the bargain. They use the proposition 6 of Binmore, Rubinsteid ®olinsky
(1986): as long as the value of the outside optiohshe two players are less than the
payments obtained by these players at the unigdegb@quilibrium of the Rubinstein game
without outside options, the unique perfect equilliilm of the Rubinstein game with outside
options will be the same as the unique perfectliéguim without these options. In that case,
the threat to leave the bargain is not credible. tdkk this case as the reference. Since the
employer always make the first proposal, we showvabthat at the unique perfect
equilibrium without outside options the employemgaR — W, and the worker \\#+ V. Since
we are in a DMP framework in which unemployed waoskand employers with vacancies
cannot meet instantaneously, we always hg9g < 1. HM also assume that W, to justify

a recruiting effort by employers and a positiveeleaf employment at equilibrium. Then,
under these assumptions and even if we do not pt@again here, we always have-PW, >

0 and W+ V; > U; : the introduction of outside options, and especially; , has no impact
on the equilibrium of the game. The outside optiongre not credible threats since the
two players always perceive at the conclusion of ¢hbargain a payment that is higher
than the outside options.

The intermediate cases forbetween 0 and 1 are only linear combinations eftio polar
cases. When we multiply ythe equations obtained fér= 1 and by (1 -6) those fors = 0,
we have:

1
W; + V;=0U; + (1 —8) [Z +E Zi’ Ty [W’i' + V; ]]

1
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These two equations replace the Nash bargainyipieal DMP model:
Wi =P + (1 -B)(Ui — Vi)

A way to understand the implications of the HM mloide the bargaining set is to calculate
the solution for the average, which is hardly ddéfg from W.



~ Wi+ W) = [P+ (1= ) [8U; + (1 -9)z +7)] - Vi

To understand what happens, return to the studlgeopolar cases. When= 1, the average
wage is between (U — V) and P, as in the usual Naspain. Wher = 0, U is replaced by
the present value of (z #), with z andy independent of P. Consequently, when there is a
positive shock on P, only the upper bound of thegdiaing set rises, implying a lower
flexibility of the real wage than in the Nash bamga

When we look at the intermediate casesdiothe equation of the average wage is such that
the impact of U is limited by the probability. This results from the fact that U only
intervenes when the bargain is interrupted by aygemous event, even if the players would
have preferred to continue the bargain, since, @saw, the payments at the conclusion of
this bargain are higher than the outside optiofise credible bargain of HM gives however
the same role to P and V as does the Nash barfaénlower impact of U on the wage then
involves a less pro-cyclical wage since the lowewurd is less pro-cyclical because
composed, on top of U and V, of the present vafueandy. The elasticity of W with respect

to P is 0.70, well below the one obtained for ttesiNbargain (0.96).

Nevertheless, this elasticity is well above the mieserved empirically by Hagedorn-
Manovskii (0.5). Hence, the HM model, with a reidiscalibration, does not capture an
important part of the wage rigidity following a l@abproductivity shock. We think that this
weakness comes from the fact that in the HM frantkwonly the lower bound of the
bargaining set is sticky but the upper bound ifleasble as in the Nash bargain. We are to
see that the asymmetric information a la Kennanpsomising way to make the upper bound
less pro-cyclical.

2.2/ Kennan (2009)

As we said in introduction, Kennan assumes thai tabor productivity of each firm is the
sum of two components. The first one is the agdestgbor productivity, common to all
firms. As in the HM model, the flow value of thiggregate component is @and follows a
Markov process, this time with two states (i = 1lthe bad state and i = 2 in the good one).
The present value of this aggregate productivitf?iand this value is known by both the
workers and the employers at any time. The secontgponent of total labor productivity is
an idiosyncratic one, which could randomly take fileov values: a low one, yand a high
one Y. For each state i, a firm has a probabilifyo realize y. It is assumed that this
probability is higher in the good state than in thed state:t, > 1;. In other words, the
covariance between P ands positive.t; could also be thought as the proportion of firms
realizing y at the state i. Kennan assumes that there is s&itplity of switching from low to
high, nor from high to low value of the idiosynacaproductivity, once the match has been



made. Hence, we note, ¥he present value of the low idiosyncratic compuarend Y, the
present value of the high idiosyncratic componesetr the course of the job:

1
Y=yt —(1-9)Vi
L= WL 1+r( ) YL

1
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Kennan also assumes that only the employer coukkrgb the value of the realized
idiosyncratic productivity. The worker observesapd knows y, y. andt;, but she is unable
to observe if the realized value of the idiosyncrptoductivity is y, or y; .

Now we turn to the determination of the wage inKle@nan paper. Since the joint surplus of
the match is no longer common knowledge, we cowd directly use the Nash bargain.
Kennan employs the Neutral Bargaining Solution ofyekéon (1984), roughly a
generalization of the Nash bargain in the casengferfect information. Kennan underlines
that the negotiation lasts only one round. If thhe players are unable to agree at the end of
this round, the bargain fails and each perceigsutside option. Hence, this corresponds to
the polar casé = 1 in HM. The employer has a probability v to radke first proposal. As
the worker has no “right to respond” to this fipsbposal, the employer offers a wage that is
just equal to the outside option of the worker. Samuently, W= U;. Symmetrically, the
worker, with a probability 1- v, proposes a wageado the total productivity of the firm.
Nevertheless, the worker does not know exactlytiee of this total productivity, since she
is unable to observe the realized value of y. Hetlee worker has two possible strategies
when she makes the unique offer. If she is “prutiehie always proposes W= R + Y_ and

the employer always accepts it, whatever the ratiz of y. On the contrary, if the worker is
“offensive”, she always proposes W= B + Yy and the employer accepts it only with a
probabilityt;. Kennan shows that there are valggfnd (yy — y)* under which the expected
gain for the worker with the prudent strategy FYL is higher than the expected gain with the
offensive strategysi(P:i + YH) + (1 -1i)Ui. Particularly, with his calibrationj*= 0.56. Kennan
chooses the values forand (w - yL) so that the prudent strategy is always optimalttie
worker. As a result, when v = 0.5, the average wsige

% (Wit +Wi) =[Pi+ Y.+ (U - V)]

When there is a positive shock on the aggregatdugtvity (p jumps from pto p), T
increases front; to 1,. Hence, there are a higher number of firms thalize y; and the
(present value) average total productivity({P + Yy) + (1 -1) (P + Y_) - rises because both

P, andt; increase. Nevertheless, the wage is only impduayeatie rise of P from 0 B, since

the upper bound of the bargaining set isHF): the wage increase is not impacted by the
fact that a higher number of firms realizgig the good aggregate state. Consequently, the
average total productivity increases much thanwhge when there is a positive shock on
aggregate productivity, which creates a rigiditytloé real wage with respect to the average
total productivity. Note here the key role of thesjtive covariance between P and



The stickiness of W in this model then results framupper bound (P Y\) less flexible than
the upper bound of the traditional Nash bargairhedt asymmetric information, which
would beti( (P + Yy) + (1 -1) (P + YL). However, as in the usual Nash bargain, the lower
bound in the Kennan model is still.U

3/ Introduction of the asymmetric information a la Kennan in the HM framework

In this paper, we introduce the Kennan’'s imperietbrmation in the HM framework to
replicate the Hagedorn-Manovskii elasticity of theal wage with respect to labor
productivity. The HM model alone is not able, wihrealistic calibration, to generate a
sufficient amount of wage rigidity. As we said mroduction, we do this integration because
we think that when there is a shock on labor pradig, not only the lower bound of the
bargaining set (as in HM) but also the upper baf@sdn Kennan) are less flexible than labor
productivity.

On top of the fact that these two models make #a wage sticky with solid micro-
foundations, we believe they are convincing fromirgtnitive point of view. We think, like
HM, that currently the labor markets are so demeghat the real threat an agent can exert
during the wage bargain is not to leave the bargainnstead to delay it. We also think, like
Kennan, that the worker is not able to observe detely the productivity of the firm for
which she works, especially when she bargains thMewage for the first time.

Remember that Hagedorn-Manovskii (2006, 2008) fandelasticity of the real wage with
respect to labor productivity of 0.5 from both aggmte and individual data. Most
importantly, they find that this elasticity is tekame for new matches as for ongoing matches.

In what follows, we proceed in two steps. First, sleow that when we introduce the
Kennan’s imperfect information in the HM framewaakd keep the initial assumption of
Kennan that the idiosyncratic component of proditgtidoes not switch during the course of
the job, we find an elasticity of the real wagehmiespect to labor productivity of 0.55 for
new matches. Second, we only replace this assumgmiml suppose instead that the
idiosyncratic component of productivity can swifcbm the low to the high value, but never
from the high to the low one during the courseh&f ob. This time, we find an elasticity of
0.55 for both new and ongoing matches.

3.1/ The model with the Kennan’s initial assumption

3.1.1/ The model




The basic assumptions of our model are those dDMPE class of models:

Y=z 4= Ty [pO)Wi + Vi) + (1 -(O)U1]
1+r ’
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As in Kennan, total labor productivity has two campnts: an aggregate and an idiosyncratic.
The aggregate labor productivity flow is stilf, fhe present value of this aggregate
productivity over the course of the job iswAth:

1
P=p Ty 2y (1—s)P

We assume, with HM, that there are five stateshis €économy (N = 5). The idiosyncratic
productivity can take two flow values; ynd y;, with a probabilityr; to realize y and a
positive covariance between P and

In a first time, we keep the Kennan assumption tie idiosyncratic component of
productivity does not switch during the course g fob. Since in our model we are in the
HM framework, the wage bargain could last infinjteln that case, the Kennan assumption
means that the flow value of the idiosyncratic comgnt that stays constant over the course
of the job is not the flow value realized the pdribhe worker and the employer meet but
instead the flow value realized the period theyeagon the wage and the match becomes
productive. Hence, if the firm realizes the lowwWlwalue when they reach an agreement, the
present value of the idiosyncratic productivity foe course of the job is:

1
=y + — (1 - f
Y|_ YL 1+7 (1 S) Y|_

Alternatively, if the firm realizes the high valuwden they agree, the present value is:

1
=yy+ — (1 - !
YH=VWH 1+7 (1 S) YH

We also use the free-entry condition:
q®) [t(Pi+Yu) + (1 -u) (R+Y)-W]=c

with g(®;) the probability of a firm to fill a vacancy eapkriod and c the flow cost of posting
a vacancy. Since there is free-entry on the goattehathe expected profit from initiating the
recruitment of a new worker by opening a vacan@ei®.

We now turn to the wage bargain. Remember thatwioekey equations of the HM model
were:

1
Wi+ Vi=8Ui+ (1-9) [z+—— 2y (Wi + Vi ]
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with the average wage equal to:

1 1 1-8 .
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We introduce in the HM framework the asymmetriomfation a la Kennan. Both the worker
and the employer could observe the aggregate ptiodydut only the employer is able to
observe the idiosyncratic productivity. The workerows the valuesyyand y and the
probabilityt; but she is unable to observe what value the featizes at any point in time.

We note W (respectively W,) the reservation wage of the worker if the firnalized y
(respect.y) and W;j_ (respect.Wy) the reservation wage of the employer if the fiealized

yL (respect.y).

Once again, the worker has two possible strategesag “prudent” or “offensive”.

We begin by considering the “prudent” strategy lud tvorker. Remember that in the HM
framework, there are two polar casés= 1 andd = 0, the other cases being linear
combinations of the polar ones.

Suppose first thaé = 1. the bargain lasts only one round and we aeetly in the case
examined by Kennan. We saw that if the worker igdpnt and makes the unique offer, she
always proposes W' = B + Y_ and the employer always accepts it. The emploger i
“opportunist”, since if y realizes, she obtains a rent equal to- Y. With this strategy, the
worker is sure that the bargain never fails. We alsowed that if the employer makes the
unique proposal, she always offersddd the worker always accepts it.

Suppose now thai = 0: the bargain could last infinitely, as in Rudtein (1982). If the
worker is prudent, she always proposeg \&hd always accepts;WThe best strategy for the
employer is to be opportunist, in always acceptig and in always proposing W W, and
W’ are such that:

1 2 ,
Wi +Vi=z+= i Tijp Wi + Vi ]

1
P+ Yi= Wi =y 4 —— 2 Ty [P+ Y- Wi

Recall that both the employer and the worker argaient. So, the huge advantage of this
strategy for the worker is the same as in the HMl@hahe worker is sure that the agreement
is reached at the first round.

When we take into account all the intermediate €hstweerd = 1 andd = 0, we have:

1
W +V,=06U; + (1 —8) [Z +m Zi' Tp [W’ L+ Vi ]]



1
P+ Y- Wi = (1-8)ly + 20T [P+ Yo - Wi ]]

And the average wage is, for the “prudent-oppostirstrategies:

~ Wi+ W) =2 [P+ Yo+ (=2 ) 8Us + (1 -9)(z +7)] - V]

If we had introduced in the HM model the idiosyrimraomponent of productivity without
asymmetric information, the average wage would Heeen:

~ Wi+ W) = 2 [6(P+ Vi) + (1-1) (A Y0) + (1= n L[ 8U + (1 -3)z +7)] - Vi

It is then clear that in our model, the upper boohdhe bargaining set - R? Y, - is less
flexible than the upper bound of the original HM daeb-7( (P + Yu) + (1 -1) (R + Y)) —
following an aggregate productivity shock, since tovariance is positive betweenadr;.
Hence, the real wage rigidity in our models resultdrom both an upper and lower
bounds less pro-cyclical than labor productivity.

We now consider the “offensive” strategy of the ket

Remember that the ca8e= 1 is exactly the same as Kennan. When the waskeffensive
and makes the unique offer, she always proposes ¥\R + Y. The employer accepts this
proposal only when she realizes. yhe offer of the worker is then accepted onlyhwat
probability 7. When the employer makes the unique proposalabteys offers J which is
always accepted by the worker.

Now turn to the casé = 0. If the worker is offensive, she always pragm¥%Viy and only
accepts W;. The best strategy for the employer is then td ttee truth”, that is to say to
proposes W (and accepts W) when the firm realizes yand to proposes W (and accepts
W’iy) when the firm realizespy As a result, the worker accepts the proposahefemployer
only with a probabilityr; and the employer accepts the proposal of the warkly with the
same probability: each period, there is only a pbiliiy t; to reach an agreement. If the firm
never realizesy the agreement is never reached and the bargamitdinitely, whereas with
the prudent strategy, the agreement is reachededtfirst round. W, and Wiy are defined
such that (remember that the idiosyncratic prodiigtidoes not change once the match
becomes productive):

1 2 ,
Wiy +V,=z +E i Ty [Win + Vi ]



1
P+ Yy— Wiy =~y Ty 20 T [P+ Yi - Win]

And the average wage is:

= Wi+ W) = 2 [P+ Vi o+ (1= e ) [8U; + (1 -3)(z +7)] - V]

To determine which strategy she will apply, the kesrcompares the expected gains of the
prudent strategy with those of the offensive sgwatdNevertheless, we encounter the same
problem as Kennan, because there are availablenddkeer for idiosyncratic productivity nor
for the probabilityr;. Or, these variables are crucial for the comparisithe expected gains
of the two strategies. Whemand (w - y.) are small, the prudent strategy dominates the
offensive one. In our calibration strategy, we whlbose small values for these variables to be

sure that it is optimal for the worker to be in giredent strategy, as Kennan did.

3.1.2/ Calibration and results

To compare our results to those of HM, we take shee calibration for the common
parameters and for the aggregate productivity macé/e set s = 0.001, r = 0.00019825
0.0055, z = 0.71y = 0.23 andpo = 0.5. The transition matrix and the shocks onregate

productivity are given in table 1:

TaBLE 1: TiIME-SERIES PROCESS FOR PRODUCTIVITY

Productivity
Category deviation, Daily transition probability to new category
percent
1 2 3 4 5
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 00000 00083 0.9349 0.0063 0.0005
4 1.21 0.0000 0.0010 0.0068 0.9854 0.0063
5 243 00000 0.0000 0.0005 0.0077 0.9918




As we said above, for the variables €y, ) andr;, we take arbitrary values since there are no
available data. However, we take very small valizee sure that the prudent strategy is
optimal for the worker.

Our main result is the following: when the econojuynps from state 2 to state 4, the
elasticity of Wy with respect tai( (P + Yyu) + (1 -7) (P + YL) is equal to 0.55, very closed to
the Hagedorn-Manovskii value (0.5). To check théusiness of this result, we take
alternative values for (y- yi) andr, always small to keep the optimality of the pruden
strategy. We then find an elasticity always betw@é&2 and 0.57, which tend to confirm the
robustness of our first result.

3.2/ The model with a growing idiosyncratic produdivity

In introduction, we said that the elasticity of lédgrn-Manovskii applies for both new and
ongoing matches. In the previous sub-section, vesgmted a satisfactory explanation of the
real wage rigidity following an aggregate produityivshock. However, the elasticity we

found only concerned new matches. To understang hus consider the next example.

Suppose that the economy was born in state 2. Shexe are no ongoing matches, the
(present value) average total productivity of #i®nomy isi(P2+ Yy) + (1 —12) (P2+ YL).
Some periods later, the economy jumps to statet4hi& state, new matches appear and
coexist with the remaining ongoing matches. Theragye total productivity for the new
matches isty(Ps + Yy) + (1 — 19 (P2 + Y). Since, with the Kennan assumption the
idiosyncratic productivity does not switch, the mage total productivity for the ongoing
matches ig(Ps+ Yy) + (1 —12) (P2 + YL). If the proportion of these ongoing matches.is
the average total productivity of this economytates4 is: (1 -e)[t4(Ps+ Yy) + (1 —14) (P2 +
YL)] + (X[’Ez(P4+ YH) + (1 —’IS2) (P4+ YL)]

In the last sub-section, we calculated the elagtafithe real wage with respect to the average
total productivity, when the economy jumps frometato state 4, the following way:

Wi — Wy,

Ta(Pa+ YY) + (1 —t4) (Pa+ Y) - 12(P2+ Yy) - (1 —12) (P2+ Y1)

Hence this elasticity applies only for new matchesimple way to generalize this elasticity
to ongoing matches is to make the following assionptSuppose that the idiosyncratic
productivity can jump from low to high flow valueidng the course of the job but never from
high to low. Hence, at each state, the proportiomesv matches that realizg 18 the same as
the proportion of ongoing matches realizing in the example, when the economy jumps to
state 4, all the ongoing matches that realizethystate 2 keep on realizing this value in state
4. Sincerty > 1, a positive part of the ongoing matches that zedliy in state 2 now realize



yu. The average total productivity of ongoing matchestate 4 is, under this assumption,
4(Pa+ Yy) + (1 —14) (P2+ YL). Since the average total productivity of new rhatcin state 4
is alsots(Pa+ Yy) + (1 —14) (P2 + YL), the average total productivity of this economystate
4ist4(Pa+ Yy) + (1 —14) (P2+ YL) and the calculation of the elasticity just abapplies for
both new and ongoing matches.

Three remarks are worth noting. First, the stra®g@f the worker and the employer are not
affected by this new assumption. The equationshierprudent strategy — our privileged case
- are still:

1
Wi +Vi=8Ui+ (1-9) [z +— 2y Wi + Vi ]

1
P+ Y= Wi = (1 =8)ly + = 2 Wy [R+ Yi- W]

1
= + — — )
and YL =y 1+7 Qd-9)YL
with Y, unchanged since the prudence implies to deterthimevage as if yrealized each
period.

Second, this assumption allows to have the sameageetotal productivity for new and
ongoing matches, and so the same elasticity foreaewage, only for positive shocks to
aggregate productivity. However, this result is sotunrealistic given the secular growth of
labor productivity. Third, since there is a possilswitch from low to high idiosyncratic
productivity, Y_ for the calculation of the effective present valoke the average total
productivity of the economy is now equal to:

1
Yii =W *Tor 2 Wi (L=9)EYn+ (1 -1)YiL]

1
. vt —— (1 _ Qe
with Yy = yy Tor (1 -s)YH

The elasticity of the real wage with respect torage total productivity when the economy
jumps from state 2 to state 4 is:

W — Wo,

T4(Pa+ Yy) + (1 —14) (Pa+ Yy) - t2(P2+ Yi) - (1 —12) (P2+ Yg)

We find again an elasticity belonging approximate®yween 0.53 and 0.57. Our model, with
this alternative assumption, is then able to repdidooth the elasticity for new and ongoing



matches. Nevertheless, there is still the samelgmobf calibration and this elasticity applies
only for positive aggregate shocks.

4/ Conclusion

In this paper, we have shown that introducing thyrametric information a la Kennan in the
HM framework generates an empirically realisticl reeage rigidity, by making the two
bounds of the bargaining set less pro-cyclical tlaoor productivity. We are then able to
explain this rigidity only with the behavior andetBstrategies of the agents, without having to
introduce exogenous sources. This result couldxbended to the New-Keynesian literature,
which in its last developments most of the timetplase this rigidity (see Blanchard-Gali
(2005)).

However, our model is affected by the same imponaakness as Kennan: the calibration,
which is, for some variables, arbitrary. NevertBslewe think that the robustness of our
results is an encouraging sign: our explanatiomeotibe disqualified by this calibration
problem.



Appendix

We said that the Kennan assumption means that ldve V¥alue of the idiosyncratic
component that stays constant over the courseeofalh is not the flow value realized the
period the worker and the employer meet but insteadlow value realized the period they
agree on the wage and the match becomes productinge.means that the worker has no
interest to prolong the bargain to learn aboutréaized flow value since this flow value
could change as long as they do not reach an agreem

Suppose instead that it is the flow value realitedperiod they meet that stays constant. In
this case, the prudent strategy gives the samétsemsibefore. However, we could imagine
another way of thinking the offensive strategy wthis alternative assumption. Suppose that
the offensive strategy consists in only proposingy\Wespectively only accepting M) the
first round of the bargain and accepting Wespect. proposing W) the second round. In
this case, if the employer tells the truth, thegcteed an agreement the first round if the firm
realizes y and the worker obtains Wor W'iy. If the firm realizes y, they reached an
agreement the second round and the worker earn®\WV’;.. At first sight, this strategy
seems better than the prudent one, since the wotkains at least the same payment from
the second round, with a possibility to geiy\Wr W'y at the first round. Nevertheless, the
best response to this strategy for the employemoisto tell the truth but instead to be
opportunist by only proposing Wand only accepting W’ each period, since the employer
knows that the worker will limit her proposition gmcceptance to W’ or W, the second
round. If the employer is opportunist, the bespogese for the worker is to be prudent, to get
W’iL or Wi from the first round. The best response of theleysp to the prudent strategy is
to be opportunist. Hence, the couple “offensivéites truth” is not an equilibrium. The only
stable equilibrium in this case is “prudence-oppoitm”.
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