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B russels.The research ofAna M auleonhasb eenmad e possible bya fellow ship ofthe Spanish government.
Financialsupport from the B elgianFrench Community'sprogram Actiond e RecherchesConcert¶ee 99/0 4 -

2 35(IR E S,U niversit¶e catholique d e Louvain) isalso gratefullyacknow led ged .
yCorrespond ingauthor ad d ress:IR E S,U niversit¶e catholique d e Louvain,P lace M ontesquieu3,B -134 8

Louvain-la-Neuve, B elgium. E -mail: vannetelb osch@ires.ucl.ac.b e Tel: 0 032 -10 -4 74 14 2 , Fax: 0 032 -10 -
4 739 4 5.



1 Introd uc tion

N egotiations often takeplaceunderthepressure ofadeadline. T hedeadlinemaybe

exogenouslyimposed,oroneofthepartiestothenegotiationmayhavechosenthedeadline

andmadeacrediblecommitmenttoit.R ecentworkhas focusedonbargainingmodels

withexogenous deadlines afterwhichthereis nosurplus tobedivided.SeeFershtman

and Seidmann [3], M aand M anove [7]. A keyfeatureofourpaperis thatweprovide

a r̄stattempttoendogenizethedeadline in negotiationmodels. W econsideramore

generaldē nitionofadeadline.Itisapointintimeafterwhichthesurplustobeshared

is permanentlyreduced.

M oreover,weallowtheplayers tochoosethe levelofsurplus destruction afterthe

deadline.So, incaseanagreementis notreachedbeforethedeadline,thevalueofthe

underlyingrelationshipwillbepermanentlyreducedandthelevelofsurplus destruction

willdependontheactionsoftheplayers.T hen,thesurplusavailabletotheplayersonce

anagreementisreachedmayactuallybelowerthanitisatthebeginning.

O neexampleofbargaininginthefaceofsuchendogenous deadlines arewagenego-

tiations between unions and employers. O n theonehand, both parties mayhavethe

opportunitytosettleadeadlineafterwhichstartseitherastrikeoralockout.Thedead-

linemaybesubjecttolabourlaws:itis commonthatastrikeoralockoutrequires few

days'noticeinordertobelegal.O ntheotherhand,acon° ictmayreducepermanently

theprō tabilityoftherelationship itselfbya®ecting,forexample,thefuturedemandfor

the r̄m'sproducts.Indeed,customersmaydecidetobuyfromnowontosomecompeti-

tor.So, inordertoavoidthelostofcustomers,the r̄m maydecidemoving(partially

orentirely)theproductiontoanotherplantorusingreplacementworkers.Butnotonly

the r̄m has actions atits disposalthatdirectlyin° uencetheprō tabilityofthefuture

relationship.Forexample,theunionmayjeopardizedproductionequipmentbythelack

ofscheduledmaintenanceorskilledoperators.1

In this paper,wedevelop atwo-stagenegotiationmodelwithcompleteinformation

between a r̄m andaunion. In the r̄ststage, thedeadline in forceduringthewage

bargaining is chosen. T hatis, the r̄m and the union choose, respectively, a lockout

date(andtheintensityofthelockout)andastrikedate(andtheintensityofthestrike).

N evertheless,weallowbothpartiestochoosenodeadline.Inthesecondstage,bothparties
1Cutcher et al.[1]have examined for theU .S.pressure tac ticsused byunionsand employersto in°uence

the processincollec tive b argainingand itsoutcomes.Inthe past,the threatsofa strike and the imminent
contrac t expirationd ead line have b eencentralfeaturesmotivatingthe partiesto reach agreements.But in

recent years,the ob servationssuggest that management threatsregard ingreplacement w orkersand plant
closingsor movingsare now also a keypart ofthe collec tive b argainingland scape.
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arebargainingoverthedivisionofasurpluswhichistimedependent.Indeed,beforethe

deadlinewewillhaveapeacefulbargaining,whereineachperioduntilanewagreement

is reachedbothparties continuetoproduceandthevalueadded is sharedfollowingthe

oldwagecontract.A fterthedeadlinewewillhaveanopen-con° ictbargaining(astrike

oralockouthasoccurred),whereineachperioduntilanewagreementis reachedboth

parties getnothingandthevalueaddedinlaterperiods (onceanagreementis reached)

willbea®ectedbytheintensityofthecon° ictoccurred.T hewagebargainingproceeds

followingR ubinstein's [9]alternating-o®erbargainingprocedurewiththe r̄mmakingthe

r̄sto®er.

W eshowthattheequilibriumoutcomeofournegotiationmodelisalwaysuniquebut

mightbeine±cient.T heconditiontogetine±ciencyissatis̄ edwhenevertheoldwageis

relativelysmall,eachplayerhasathisdisposalbothactionsthatreducesubstantiallythe

valueaddedinthefutureandactionsthathaveonlyaminorimpactonthefuturevalue

added,andtheplayersarenotimpatient.W hichistheintuitionbehindtheresult?Both

playerswouldlikethattheotherplayeris thelastmoveratthedeadlineandpreferably

facingthethreatofacon° ictofastrongintensity.A strongcon° ictsimplymeansthatafter

thedeadlinethevalueaddedwillbereducedsubstantially.T hen,inordertoavoidhaving

toacceptaverylowwageo®erfacingthethreatofaseverelockout,wherethe r̄mwould

grabmostofthesurplus,itbecomes optimalfortheuniontogoonstrikeimmediately

and todestroypartofthefuturevalue added, butnottoomuch. So, atequilibrium

weobservebothplayers competingtobetheonewhowillmakeano®erjustbeforethe

deadline,butalsotryingtoavoidtohavetomoveatthedeadlinefacingthethreatofavery

strongcon° ict.T his canleadtoonepartylaunchingthecon° ictimmediatelyandtothe

conclusionofaPareto-dominatedagreement.Finally,as thebargainingperiodbecomes

shortorastheplayersbecomeverypatient,theuniqueoutcomeisalways ine±cient.

O urtwo-stagenegotiationmodelisrelatedtopapersthatderivebargainingine±ciency

undercompleteinformation2 ,e.g.van D amme,Seltenand W inter[1 1 ],Fernandez and

G lazer[2],H allerandH olden[4].O neimportantdi®erenceis thatine±ciencyanddelay

canariseintheseothermodelsbecausethereexistmultiplee±cientequilibria,whilethe

equilibrium isalwaysuniquebutsometimes ine±cientinourmodel.

A notherstrandofrelated literature includes papers onbargainingmodels with ex-

ogenous deadlines. In fact, any n̄itehorizon bargainingmodelcan be interpreted as

such.FershtmanandSeidmann[3]studyacompleteinformationbargainingmodelwith

arandomproposerandanexogenousdeadlinebeyondwhichthereisnosurplustodivide.

T heyassumethataplayercannotacceptalowershareofthesurplus thanshehas pre-
2Another source for agreementsreached w ith d elayisincomplete information(see e.g.Watson[13]).
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viouslyrejectedduringthebargainingsession.T hisendogenouscommitmentassumption

togetherwiththedeadlineimplythat,forpatientplayers,thereis auniqueequilibrium

whereagreements aredelayeduntilthedeadline.T his resultdependsontheinteraction

betweentheexistenceofadeadlineandendogenouscommitment.A bsenttheendogenous

commitment,theotherassumptioncannotexplaindelay.M aandM anove[7]constructa

bargainingmodelwithcompleteinformation,whoseuniqueequilibrium issuchthatearly

in thegameo®ers arepostponed and late in thegameagreements arereached orthe

deadlineismissedwithpositiveprobability.Toobtainsuchequilibriumtwoassumptions

areintroducedtothe n̄ite-horizonalternating-o®erbargainingmodel.T he r̄stoneis

strategicdelay.A nalternating-o®ermodelincorporates strategicdelayifaplayeris per-

mittedtopostponetheimplementationofhermovewithoutlosingherturn.T hesecond

assumption is imperfectplayercontroloverthe timingofo®ers duringthe bargaining

session.O ®ersandcounter-o®ersareexchangedwithexogenousrandomdelay.

Inthesepapersjustmentioned,thedeadlineisexogenouslydetermined.H ere,weshow

thatoncethedeadlineisendogenous,nootherassumptionssuchase.g.endogenouscom-

mitmentorstrategicdelayisneededtogetauniqueandine±cientequilibrium.M oreover,

ourresultmayalsojustifytheexistenceofPareto-inferiorphenomenaotherthanstrikes

orlockouts,suchastari®wars,debtmoratoria,break-upofcease-̄ resorwarsingeneral.

T henextsectionpresents thebasicnegotiationmodelandsomepreliminaryresults.

InSection3 wecharacterizetheequilibriumofthedeadlinestagegameandweshowthat

theequilibriumoutcomeisalwaysuniquebutmightbeine±cient.Section4 concludes.

2 T he NegotiationM od el

W edevelop atwo-stagenegotiationmodel.T hetimingofthis negotiationmodelis de-

picted inFigure 1.Inthe r̄ststage,beforethewagebargainingstarts attime 0 ,the

-r r r r
t= ¡1

choice ofd and ° ¯rm o®ersa w age
t= 0

uniono®ersa w age
t= 1

¯rm o®ersa w age
t= 2

strike or lockout d ate,
intensityofcon°ic t

Stage 1 : d ead line stage jj
j Stage 2 : w age b argaining

unionac cepts
or rejec ts

¯rm ac cepts
or rejec ts

unionac cepts
or rejec ts

t

Figure1 :T hetimingofthenegotiationmodel
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r̄m andtheunion choosesimultaneouslyalockoutdatedf 2 f0 ;1 ;2;:::;d;1g and its

intensity° f 2f° ;° gandastrikedatedu2f0 ;1 ;2;:::;d;1gandits intensity°u2f° ;° g,
respectively.W eallowbothpartiestochoosenodeadline,e.g.df =1 simplymeansthat

the r̄m decidestonotchoosealockoutdate.A fterwards,theplayersarecommittedto

thedeadlineand its intensitytheyhavechosen.A deadlinerulethatseems reasonable

and t̄s perfectlywithwagenegotiations is thefollowingone.L et(d;° )bethedeadline

andits intensityinforceduringthewagebargainingstage.Itisgivenby

(d;° )=

8
>><
>>:

(df;° f) ifdf < du;

(du;°u) ifdu< df;

(du;minf° f;°ug) ifdu=df:

(1)

T hatis,thedeadlineinforceandits intensity(d;° )aredeterminedbytheminimum of

thedeadlinechoices oftheplayers,and incaseofties,ties arebroken in favourofthe

moreintensecon° ict.Thissimpledeadlineruleimpliesthatthewagebargainingwilltake

placefacingeitherthethreatofalockoutorthethreatofastrike.3 Finally,(1 ;¢)denotes
thecasewherebothpartiesdecidetochoosenorastrikedatenoralockoutdate.4

Inthesecondstageofthenegotiationmodel,thedeadlinedanditsintensity° settled

arecommonknowledgeandbothpartiesbegintonegotiate.T hereisanin̄ nitenumber

ofperiods,andineachperiodofnormalproductionthe r̄mhasavalueaddedofoneunit

ofagoodwhichthe r̄m andtheunioncandividebetweenthem.T heunion's shareis

W 2 [0 ;1 ],the r̄m'sshareis1 ¡W .Twobargainingphasesaredistinguished.Beforethe

deadlinewewillhaveapeacefulbargaining,whereineachperioduntilanewagreement

is reachedbothparties continuetoproduceandthevalueadded is sharedfollowingthe

oldcontract.InitiallythewagelevelintheoldcontractisW 0 > 0 .A fterthedeadlinewe

willhaveanopen-con° ictbargaining(astrikeoralockouthasoccurred),whereineach

perioduntilanewagreementisreachedbothpartiesgetzeroandthevalueaddedinlater

periods(onceanewagreementisreached)willbea®ectedbytheintensityofthecon° ict

occurred,° (where° willbeequalto° or° with ° < ° < 1 ).
3For simplicityand for the sake ofpresentationw e have chosena spec ī c ationthat exclud esthe possi-

b ilityofhavingsimultaneouslya lockout and a strike.How ever,the resultsw e w illob tainare,und er some
w eakcond ition,qualitatively robust to another spec ī c ationw here con°ic tshave anad d itive d estruc tive
impac t onthe future value ad d ed to b e shared .

4We c analso interpret the commitment assumptionto start a con°ic t at the d ead line intermsof

negotiators'reputation.Imagine that no agreement hasb eenreached and that the uniond ec id esnot to go
onstrike at the chosend ead line.Since the strike d ate ispublic know led ge (d ue to lab our law s),the union
w ould loose most ofhisreputationfor the on-goingnegotiationasw ellasfor future ones.Inother w ord s,

the resultsw e ob tainare robust to the case w here the commitment isrevocable but the cost ofrevoking
islarge enough.
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Forsimplicity,bothpartiesareassumedtohavelinearutilityfunctions,sotheirpayo®s

canberepresentedbythediscountedsumoffutureshares.Fortheunionthis is

U =
1X

t= 0

±t¢ut, (2)

whereut= W 0 ift< dandanagreementhas yettobereached,ut= 0 ift¸dandno

agreementhasbeenreached,andut=W fort¸s ifanagreementisreachedatperiods

onW .T hecommondiscountfactoris ±2(0 ;1 ).Forthe r̄mwehavecorrespondingly

V =
1X

t= 0

±t¢vt, (3)

wherevt= 1 ¡W 0 ift< dandanagreementhasyettobereached,ut= 0 ift¸dand

noagreementhasbeenreached,ut=1 ¡W fort¸s ifanagreementisreachedatperiod

s< d,andut= ° ¡W fort¸s ifanagreementisreachedatperiods¸d.

T hebargainingproceedsfollowingR ubinstein's [9]alternating-o®erbargainingproce-

dure.T heplayersareassumedtomakeo®ersalternately,oneo®erperperiod,andwithout

lossofgeneralitythe r̄m isassumedtomakeano®erinthebeginningofperiod0 .T he

unioncanthenacceptorrejectthis o®er.Iftheunionaccepts,thebargainingends.If

the r̄m'so®erisrejectedtheunionmakesanewo®erinthenextperiod,whichthe r̄m

acceptsorrejects.Ifthe r̄m accepts,thebargainingends.Iftheunion'so®erisrejected

the r̄m makes anewo®erinthenextperiod,andsoonuntilanagreementis reached.

Bothpartiesareassumedtohaveperfectinformationinthebargainingstage.

W edenoteB (d;° )thebargainingstage,inotherwordsthealternating-o®erbargaining

gamewhereitis commonknowledgethatthedeadlineisdand its intensityis °.A s in

R ubinstein,onecanshowthatthealternating-o®erbargaininggameB (d;° )possesses a

uniquesubgameperfectequilibrium(SPE)andthatanagreementisreachedwithoutdelay

atperiod0.W henthedeadlineinforceisanoddperiodtheSPEwageW ¤(dodd;° )and

payo®sare:

W ¤(dodd;° ) = (1 ¡±d)¢W 0 +
±d ¢°
1 + ±

, (4)

U ¤(dodd;° ) =
1 ¡±d

1 ¡±
¢W 0 +

±d ¢°
1 ¡±2

, (5)

V ¤(dodd;° ) =
1

1 ¡±
¡ 1 ¡±d

1 ¡±
¢W 0 ¡

±d ¢°
1 ¡±2

. (6)

W henthedeadlineinforceisanevenperiodtheSPEwageW ¤(deven;° )andpayo®s

are:
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W ¤(deven;° ) = (1 ¡±d)¢W 0 +
±d ¢(1 + ±¡° )

1 + ±
, (7)

U ¤(deven;° ) =
1 ¡±d

1 ¡±
¢W 0 +

±d ¢(1 + ±¡° )
1 ¡±2

, (8)

V ¤(deven;° ) =
1

1 ¡±
¡ 1 ¡±d

1 ¡±
¢W 0 ¡

±d ¢(1 + ±¡° )
1 ¡±2

. (9)

W henthedeadlineinforceissettledatperiod0 ,weenterimmediatelyinanopen-con° ict

whicha®ectsforeverthevalueaddedtobeshared,andtheSPEwageW ¤(0 ;° )andpayo®s

are:

W ¤(0 ;° )=
±¢°
1 + ±

,U ¤(0 ;° )=
±¢°
1 ¡±2

,V ¤(0 ;° )=
°

1 ¡±2
. (1 0 )

W hen nodeadline is settled, the SPE wage W ¤(1 ;¢)and payo®s are(see H allerand

H olden[4]):

W ¤(1 ;¢)=W 0 ,U ¤(1 ;¢)= W 0

1 ¡±
,V ¤(µ;¢)= 1 ¡W 0

1 ¡±
. (1 1 )

Comparingtheexpressionshereabove,weobtainthenextlemmawhichgivesussome

ideasaboutthepreferencesoftheplayersovertheintensityofthecon° ictatequilibrium

givenadeadlined.

L emma1 Forany deadline dodd, W ¤(d;° ) < W ¤(d;° ), U ¤(d;° ) < U ¤(d;° ), and

V ¤(d;° )> V ¤(d;° ).Foranydeadlined6= 0 even, W ¤(d;° )> W ¤(d;° ), U ¤(d;° )>

U ¤(d;° ),andV ¤(d;° )< V ¤(d;° ).

L emma1 tellsusthat,theunionprefersthenegotiationfacingthethreatofacon° ict

ofaweak(strong)intensityratherthanfacingthethreatofacon° ictofastrong(weak)

intensitywheneverthedeadlineis odd(even).A con° ictofastrongintensityis simply

thecasewhere ° = ° , and acon° ictofaweak intensity is thecase ° = °. O n the

contrary,the r̄mprefersthenegotiationfacingthethreatofacon° ictofastrong(weak)

intensityratherthanfacingthethreatofacon° ictofaweak(strong)intensitywhenever

thedeadlineisodd(even).

3 E nd ogenousDead lines

W eturnbacktostageoneofthenegotiationmodel,wherethe r̄mandtheunionchoose

simultaneouslyalockoutdatedf 2 f0 ;1 ;2;:::;d;1g and its intensity ° f 2 f° ;° g anda
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strikedatedu2f0 ;1 ;2;:::;d;1ganditsintensity°u2f° ;° g,respectively.5 So,astrategy
forthe r̄m isdenotedby(df;° f)andastrategyfortheunionisdenoted(du;°u)inthe

deadlinestagegame.R ememberthatthedeadlineinforceduringthewagenegotiationis

theearliestdateamongthelockoutdateandthestrikedate.Incaseofatiewesimply

assumethatthecon° ictwiththestrongestintensitywillstartatthechosendeadline.T his

assumptiontobreakties is quitereasonableincaseofwagenegotiations.N evertheless,

theresultsweobtainarequalitativelyrobusttoamoregeneralassumptionwheretiesare

brokenwithhighprobabilityinfavourofthestrongestcon° ict.

Sinceweallowthe r̄m tochoose(df = 0 ;° f)andtheuniontochoose(du= 0 ;°u),

possibleine±ciencyisnotexcludeda-priori.InTable1 werepresent(verypartially)the

matrixofthedeadlinestagegame,wherethe r̄m is therowplayerandtheunionisthe

columnplayer.

0 ;° 0 ;° 1 ;° 2;° 1 ;¢
0 ;° ° ¡W ¤(0 ;°) ° ¡W ¤(0 ;° ) ° ¡W ¤(0 ;° ) ° ¡W ¤(0 ;°) ° ¡W ¤(0 ;° )
0 ;° ° ¡W ¤(0 ;°) ° ¡W ¤(0 ;° ) ° ¡W ¤(0 ;° ) ° ¡W ¤(0 ;°) ° ¡W ¤(0 ;° )
1 ;° ° ¡W ¤(0 ;°) ° ¡W ¤(0 ;° ) 1 ¡W ¤(1 ;° ) 1 ¡W ¤(1 ;° ) 1 ¡W ¤(1;° )
2;° ° ¡W ¤(0 ;°) ° ¡W ¤(0 ;° ) 1 ¡W ¤(1 ;° ) 1 ¡W ¤(2;° ) 1 ¡W ¤(2;° )
1 ;¢ ° ¡W ¤(0 ;°) ° ¡W ¤(0 ;° ) 1 ¡W ¤(1 ;° ) 1 ¡W ¤(2;° ) 1 ¡W 0

Table1 :T hestrategicchoiceofadeadline

Inthematrixweonlygivetheper-periodSPE payo®forthe r̄m;theper-periodSPE

payo®fortheunion is simply the SPE wage. Forsolvingthedeadline stagegame, a

naturalconceptwouldbetheN ashequilibrium (N E).B ut,this conceptfails toexclude

strategy prō les thatseem implausible such as f(0 ;° );(0 ;° )g and, moreover, there is

amultiplicityofN E.A s aconsequence,weproposetousethetrembling-hand perfect

equilibrium (T H PE)conceptas adevicetoselectplausibleoutcomes amongthe N ash

ones.

InordertocharacterizetheT H PEofthedeadlinestagegame,wewillusetwowell-

known results (see van D amme [1 0 ]). First, since the deadline stagegame is a n̄ite

two-playergame,thestrategyprō le((df;° f);(du;°u))is aT H PE ifandonlyifitis a

N Eandneither(df;° f)nor(du;°u)isweaklydominatedwithrespecttof0 ;1 ;2;:::;d;1g.
W esaythataplayer'sactionisweaklydominatediftheplayerhasanotheractionatleast

5T he set ofd ead line d atesisassumed to b e ¯nite (inord er to applyw ell-know nresultson̄ nite games)
and to b e id enticalfor b oth parties. T he upper b ound d 2 N islarge enough to make the analysis

interesting.O bviously,a d istinct upper b ound for each party w ould not mod ify our analysis.M oreover,
the resultsw e ob tainare not mod ī ed ifw e allow more thantw o levelsofintensityofthe con°ic t.
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asgoodnomatterwhattheotherplayerdoesandbetterforatleastsomeactionofthe

otherplayer.Second,every n̄itegamehasatleastoneT H PE.6

From L emma 1 and theweakdominanceconcept, itis obvious that(df odd;° )is

weaklydominated by(df odd;° ). Indeed, (i)againstany(du;°u)such thatdu > df
thestrategy(df odd;° )isdoingstrictlybetterthan(df odd;° ),(ii)againstany(du;°u)

suchthatdu < df thestrategy(df odd;° )is doingaswellas (df odd;° ),(iii)against

any(du;°u)suchthatdu=df thestrategy(df odd;° )is doingstrictlybetterthan(df
odd;° )if°u= ° andisdoingequalif°u= °.Similarly,onecanshowthat(df even;° )is

weaklydominatedby(df even;° ),(duodd;° )isweaklydominatedby(duodd;° ),(du6=0

even;° )isweaklydominatedby(du6=0 even;° ),and(du=0 ;° )isweaklydominatedby

(du=0 ;° ).

L emma2 T he strategies (df odd;° ), (df even;° ), (du odd;° ), (du 6= 0 even;° )and

(du=0 ;° )areallweaklydominated.

T hroughoutthepaperwewillfocusonthecasewheretheplayersaresu±cientlypa-

tient(±large),whichcanbereinterpretedasiftheintervalbetweeno®ersandcountero®ers

is short.7 M oreprecisely,wefocusonthecasewhere± > ° > ° .

A ssumption1 ± > °.

L emma3 T hestrategies(df even;° ),(duodd;° )areallweaklydominated.

Indeed,if± > ° then(df 6=0 even;° )isweaklydominatedby(df¡1 ;° ),(df =0 ;° )

isweaklydominatedby(df = 1 ;° ),and(duodd;° )isweaklydominatedby(du+ 1 ;° ).

T hroughoutthepapertheproofs related toweakdominanceresults aresimilartothe

oneofL emma2 and,henceforth,theseproofsareomitted.W hatwillbetheequilibrium

outcomes?

L emma4 IfW 0 <
1+ ±¡°
1+ ± then the strategies (du¸4 andeven;° )and(du=1 ;¢)are

weaklydominated.

L emma5 IfW 0 >
°
1+ ± thenthestrategies(df ¸3 andodd;° )and(df =1 ;¢)areweakly

dominated.
6T he same resultscanb e ob tained usingrationalizab ility concepts(d e¯ned inHeringsand Vannetel-

b osch [6],[5],and Vannetelb osch [12 ]) instead ofequilib rium onesfor b oth the b argaininggame and the
d ead line game.

7T he d iscount fac tor canalso b e expressed by the formula ± = exp(¡r ¢¢ ),w here r > 0 isd iscount
rate and ¢ isthe length ofa single b argainingperiod .
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Could itbethatthenodeadlinesituation is an equilibrium outcome? T heanswer

is negative. Indeed, from L emma2 to L emma5 wealreadyknowthat, the r̄m will

choose(1 ;° )forsureifW 0 >
°
1+ ± andtheunionwillchoosebetween(0 ;° )and(2;° )if

W 0 <
1+ ±¡°
1+ ± .InordertofullycharacterizetheT H PEoutcomewedistinguishthreecases.

Case1 : 1+ ±¡°
1+ ± > °

1+ ± ¸W 0.

Itfollows from L emma2 toL emma5 that,atequilibrium,theunioncouldchoose

eitherthestrategies (0 ;° )or(2;° )andthe r̄m couldchooseeitherthestrategies

(df ¸1 odd;° )or(1 ;¢).Iftheunionchooses(2;° )thentheuniquebestresponse
forthe r̄m is (1 ;° ).Iftheunionchooses (0 ;° )thenbestresponses forthe r̄m

are(df ¸ 1 odd;° )and(1 ;¢).Ifthe r̄m chooses (df ¸ 3 odd;° )or(1 ;¢)then
theuniquebestresponsefortheunionis (2;° ).Ifthe r̄m chooses(1 ;° )thenthe

uniquebestresponsefortheunion is (0 ;° )ifW 0 < ±
(1+ ±)(1¡±)(° ¡° )and is (2;° )

otherwise. Indeed, W ¤(0 ;° )= ±
1+ ±° > (1 ¡±)W 0 + ±

1+ ±° = W ¤(1;° )reverts to

W 0 < ±
(1+ ±)(1¡±)(° ¡° ).A s aconsequence,theuniqueT H PE is f(1 ;° );(0 ;° )g if

W 0 < ±
(1+ ±)(1¡±)(° ¡° )andisf(1 ;° );(2;° )gotherwise.

Case2 : 1+ ±¡°
1+ ± > W 0 >

°
1+ ±.

Itfollows from L emma2 toL emma5 that,atequilibrium,theunioncouldchoose

eitherthe strategies (0 ;° )or(2;° )and the r̄m is goingtochoose forsurethe

strategy(1;° ).H ence,giventhatthe r̄mchooses(1 ;° ),theunionwillchoose(0 ;° )

ifW ¤(0 ;° )= ±
1+ ±° > (1¡±)W 0 + ±

1+ ±° =W ¤(1 ;° ).T hatis,ifW 0 < ±
(1+ ±)(1¡±)(°¡° ).

O therwise,theunionwillchoose(2;° ).

Case3 :W 0 ¸ 1+ ±¡°
1+ ± > °

1+ ±.

Itfollows from L emma2 toL emma5 that,atequilibrium,theunioncouldchoose

eitherthe strategies (0 ;° )or(du¸ 2 even;° )or(1 ;¢)andthe r̄m is goingto

chooseforsurethestrategy(1 ;° ).H ence,giventhatthe r̄m chooses (1 ;° ),the

unionwillchoose(0 ;° )ifW ¤(0 ;° )= ±
1+ ±° > (1 ¡±)W 0 + ±

1+ ±° = W ¤(1 ;° ).T hat

is,ifW 0 < ±
(1+ ±)(1¡±)(° ¡° ).O therwise,theunionwillchoose(du¸2 even;° )or

(1 ;¢).

H avingcharacterizedtheequilibrium strategieswecanshowthatthedeadlinestage

gamehas aunique T H PE.Indeed, ifW 0 > ±
(1+ ±)(1¡±)(° ¡° )then the unique T H PE

outcomeisd= 1 and ° = °.So,atequilibrium,the r̄m andtheunionwillstartthe

wagebargainingunderthethreatofaseverelockoutatperiod1.T he r̄m willmakea

wageo®erW ¤(d=1 ;° )=(1 ¡±)¢W 0 +
±°
1+ ± atperiod 0 ,andtheunionwillacceptthis

o®erimmediately.

9



Proposition1 IfW 0 > ±
(1+ ±)(1¡±)(° ¡° )then thenegotiation modelhas aunique and

e±cientequilibrium outcome. The deadline (a lockoutthreatofa strongintensity)is

settledatperiod1 andanagreementon W ¤(d=1 ;° )is reachedimmediatelyatperiod 0.

H owever,ifW 0 < ±
(1+ ±)(1¡±)(° ¡° )thereisauniqueT H PEstrategyprō lewherethe

r̄m chooses(df =1 ;° )andtheunionchooses(du=0 ;° ).So,ifW 0 < ±
(1+ ±)(1¡±)(° ¡° )

theuniqueT H PE outcomeisd= 0 and ° = ° ,and itis an ine±cientoutcomesincea

strikeofaweakintensityoccurs immediatelyatthestartofthewagebargaining.

T hatis,iftheequilibriumwageincaseofanimmediatestrikeofaweakintensityis

greaterthantheequilibriumwageincaseoftheunionmovingatthedeadlineandfacing

thethreatofalockoutofastrongintensity,thentheunionwillchooseatequilibriumto

implementimmediatelyastrikeofaweakintensity.W hich is the intuitionbehindthis

result? Sincetheoldwagecontractis smallenough,thedi®erencebetween ° and ° is

largeenoughandtheplayersareenoughpatient,itbecomesoptimalfortheuniontogo

immediatelyonstrikeandtodestroypartoftheavailablesurplus.Indeed,suchacon° ict

ofaweakintensityallowstheuniontoavoidhavingtoacceptaverylowwageo®erfacing

thethreatofaseverelockout,wherethe r̄m wouldgrab mostofthe surplus.So,at

equilibrium,theuniongoes intocon° ictimmediatelyandaPareto-dominatedagreement

follows.Infact,thisequilibriumoutcomeisPareto-dominatedbytheequilibriumoutcome

ofB(du= 1;° ).A tequilibrium,the r̄m willmakeawageo®erW ¤(d= 0 ;° )= ±°
1+ ± at

period0 ,andtheunionwillacceptthiso®erimmediately.

Proposition2 IfW 0 < ±
(1+ ±)(1¡±)(° ¡° )then thenegotiation modelhas aunique and

ine±cientequilibrium outcome.A con° ictofaweakintensitystarts immediatelyattime

0 followedbyan immediateagreementon W ¤(d= 0 ;° ).Theper-periode±ciencyloss is

equalto1 ¡°.

So,the r̄matequilibriumchooses(df =1 ;° )becauseeitheritisadominantstrategy

orifhedoesnotthentheunionwouldchooseanotherdeadlineanditwouldbethe r̄m

thatwould facethethreatofa severestrikewheretheunionwould grab mostofthe

surplus.

T heconditionW 0 < ±
(1+ ±)(1¡±)(°¡° )issatis̄ edwhenevertheoldwageW 0 isrelatively

small,eachplayerhasathisdisposalbothactionsthatreducesubstantiallythevalueadded

inthefutureandactions thathaveonlyaminorimpactonthefuturevalueadded8 (in
8T he ac tionsasw ellastheir impac t onthe future value ad d ed may d epend onfac torssuch asthe

competitiononb oth the prod uc t market and the lab our market (see Cutcher et al.[1]).Ind eed ,incase

there isa strongcompetitiononthe prod uc t market,a lab our con°ic t may ind uce a b iglossinmarket
pow er and future revenuesto b e generated .How ever,incase there isa strongcompetitionand mob ilityon

1 0



otherwords, thedi®erencebetween ° and ° is large enough)and theplayers arenot

impatient(± is largeenough).

B eforeconcludingwewillalsoconsiderthelimitcaseoffullypatientplayersas ± goes

toone.

Corollary1 A s ± goes tooneoras the intervalbetween o®ers andcountero®ers van-

ishes,thenegotiationmodelhasauniqueandine±cientequilibrium.A con° ictofaweak

intensitystartsattimezerofollowedbyan immediateagreementon W ¤(d=0 ;° )= 1
2 °.

N oticethatwehavetaken the limit± ! 1 assumingthattheplayers can stillre-

ducepermanentlythefuturevalueadded.9 T his assumptionmaybequestionableonce

wereinterpretthelimitas theintervalbetweeno®ersandcountero®ers isvanishing.A n

alternativeassumptionistosupposethatthelevelofsurplusdestructionwouldbedeclin-

ingwith ¢ decreasing.N evertheless,westillobtaintheine±ciencyresultifweassume

thattheintensitiesofacon° ictareboundedbelowone.T hatis,if° (¢ )< ° (¢ )< ± for

all¢ andlim¢ ! 0 ° (¢ )< lim¢ ! 0 ° (¢ )< 1 .

4 Conclusion

W ehavedevelopedatwo-personnegotiationmodelwithcompleteinformationwhichisa

r̄stattempttomakeendogenous boththedeadlineandthelevelofsurplus destruction

afterthedeadline.W ehaveshownthattheequilibrium outcomeis always uniquebut

mightbeine±cient.M oreover,asthebargainingperiodbecomes shortorastheplayers

becomeverypatient,theuniqueoutcomeis always ine±cient.So,ourmodelmayalso

justifytheexistenceofPareto-inferiorphenomenaotherthanlaborcon° icts,suchastari®

wars, debtmoratoria, break-up ofcease-̄ res orwars in general. O nevery interesting

extensionwouldbetoconsideramoregeneralbargainingprocedureasinPerryandR eny

[8],whichallowstheplayerstochoosewhenandwhetherornottomakeano®er.
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