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1 Introd uc tion

Clearly,itislikelythatwhen r̄msbargainwithworkersoverwagestheyarealsoin° uenced

bye±ciencywageconsiderations (seee.g.Campbell,1 993).M odelsofunionbargaining

with e±ciencywages havebeen used toinquire intoseveralconsiderations. L ayard et

al.(1 991 )haveshown inageneralequilibrium frameworkthatunionizationaggravates

theunemploymentduetoe±ciencywages. R ecently, G arinoand M artin (20 0 0 )have

con̄ rmedanoriginalinsightofSummers(1 988)thate±ciencywagee®ectsleadtohigher

wages andresultin loweremployment.Butalltheprevious studies haveconsidereda

completeinformationframeworksothatstrikescannotoccurinequilibrium.1

T heaim ofthis noteis tostudytherelationship amongwages,strikes ande±ciency

wagee®ects inaunion-̄ rm bargainingmodelwithprivateinformation.Todescribethe

wagebargainingprocess,weadoptR ubinstein's(1 982)alternating-o®erbargainingmodel

withtwo-sidedincompleteinformation,whichallowstheoccurrenceofstrikesatequilib-

rium.W eshowthate±ciencywagee®ects donotnecessarilyincreasethewagelevelat

equilibrium.H owever,ifitis commonlyknownthattheunionis strongerthanthe r̄m

andtheproductivityenhancinge®ectsofpayinghigherwagesaresu±cientlylarge,then

e±ciencywagee®ectsstillincreasetheequilibriumwage.

W ith respecttothe strike activity, onemightexpectat r̄stthate±ciencywage

e®ectswouldreducethestrikeactivity.Indeed,e±ciencywageso®setthecostofhigher

wages throughhigherproductivityorlowerturnover,andso,makeprō ts less sensitive

tothewage,whichmightinducemoreconcessionsandlesscon° icts inwagebargains.In

thewords ofSummers (1 998,p.386):"... in anyplausiblebargainingenvironment...

[e±ciencywagee®ects]...makeiteasiertoextractconcessions".B ut,contrarytothis

conjecture,we n̄dthate±ciencywagee®ects increasethestrikeactivity.T heintuition

behind this resultis the followingone. E±ciencywageconsiderations makethewage

objectiveofthe r̄m less obvious.N ow,awagerisenotonlyincreasesthemarginalcost

oflabor,butalsoincreasesthemarginalproductoflabor.A saconsequence,the r̄mhas

plentyofscopetohidehertype,which is privateinformation,inordertoreachamore

favorableagreement.T herefore,longerstrikesmaybeneededfortheuniontoscreenthe

privateinformation.

1Strikesd ata seem to have a signī cant impac t onthe w age-employment relationship for collec tive
negotiations[see e.g.K ennanand W ilson(1989),Vannetelb osch (1996)].
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2 T he U nion-Firm B argainingM od el

W econsiderawagedeterminationmodelwithincompleteinformationbetweena r̄mand

aunion.T he r̄m isriskneutralandprō t-maximizer.Firm'stechnologyischaracterized

byaproductionfunctionQ =(E L )® with0 < ® < 1 ,whereL isthelevelofemployment

andE isthee®ortperworker.T he r̄mfacesademandfunctionQ =P ¡"withconstant

elasticityofdemand",whereP isoutputprice.Firm'sprō tsaregivenby¦=P ¢(E L )®¡
W L ,whereW is thewagelevel.T hereis acontinuum ofidenticalrisk-neutralworkers

whosupplyeachoneunitoflaborwithnodisutility.W edenotebyW theexpectedincome

ofaworkerwholoseshis job.Itmaybeinterpretedastheunemploymentbenē torthe

wageelsewhere.W orkers arerepresentedinthewagebargainingprocessbyautilitarian

union.Thecontinuum ofworkerswhosupplylaboris normalizedtounity.H ence,the

union'sutilityisgivenbyU = L ¢W + (1 ¡L )¢W .

W eadoptSummers(1 988)andL ayardetal.(1 991 )functionalformofe±ciencywage

e®ects,

E =

Ã
W ¡W
W

! ¸

,with¸ < 1 (1 )

whereE measuresthee®ortputforthbyworkerswhichdependsofthewagepaidbythe

r̄mrelativetothewageworkersexpecttoearnelsewhere,and¸measurestheproductivity

enhancinge®ects ofpayinghigherwages. If¸ = 0 , e±ciencywageconsiderations are

absent.A s ¸ increases,theybecomemoreimportant.Interactions betweentheoutput

andpricedecision,andthewagelevelareanalyzedaccordingtothefollowingstructure.

First,wagesaredeterminedbynegotiationsbetweenthe r̄mandtheunion.Second,the

r̄m choosesemployment,outputandprice.T hemodelis solvedbackwards.

Takingasgiventhewagelevel,theoutputandtheemploymentlevelsthatmaximize

theprō tsofthe r̄m are

Q ¤=
·µ

"
"¡1

¶
W
®E

¸ ¡"®
®+ "(1¡®)

and L ¤=
1
E

·µ
"

"¡1

¶
W
®E

¸ ¡"
®+ "(1¡®)

, (2)

respectively.T he r̄mandtheunionnegotiatethewagelevelforeseeingperfectlythee®ect

ofwagesonoutputandemploymentlevels.T henegotiationproceedsas inR ubinstein's

(1 982)alternating-o®erbargainingmodel.T he r̄mandtheunionmakealternativelywage

o®ers,withthe r̄mmakingo®ers inodd-numberedperiodsandtheunionmakingo®ers

ineven-numberedperiods.T henegotiationendswhenoneofthenegotiatorsaccepts an

o®er.N olimitis placedonthetimethatmaybeexpendedinbargainingandperpetual

disagreement is a possible outcome. T he union is on strike in every period untilan

agreementis reached.Bothnegotiators areassumedtobeimpatient:the r̄m andthe

unionhavetimepreferenceswithconstantdiscountratesrf > 0 andru> 0 ,respectively.
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A s the intervalbetween o®ers and countero®ers is shortand shrinks to zero, the

alternating-o®ermodelhasauniquelimitingsubgameperfectequilibrium,whichapprox-

imatestheN ashbargainingsolutiontothebargainingproblem(seeB inmoreetal.,1 986).

T husthepredictedwageisgivenby

W ¤=argmax[U ¡U 0]°¢[¦¡¦0]1¡° (3)

whereU 0 = W and¦0 = 0 are,respectively,thedisagreementpayo®softheunionand

the r̄m,and ° 2 (0 ;1 )is theunionbargainingpowerwhich is equalto rf
ru+ rf

.Simple

computationgivesus

W ¤=W ¢
·®("¡1 )(1 ¡° )+ "°

®("¡1 )(1 ¡¸)

¸
. (4)

T his is thewageexpression G arinoand M artin(20 0 0 )obtainedand ittells us that, in

complete information,thewage is increasingwiththeunion bargainingpower(° ),the

elasticityofdemand("),andthee±ciencywagee®ects (̧ ).T hen,onecaneasilyobtain

theequilibrium employmentlevelaswellas theequilibrium payo®s,whicharedenoted

by U ¤(° )and¦¤(° ).H owever,boththeasymmetricN ashbargainingsolutionandthe

R ubinstein's modelpredicte±cientoutcomes ofthe bargaining process (in particular

agreementis settled immediately). T his is notthecaseoncewe introduce incomplete

informationintothewagebargaining,inwhichthe r̄stroundsofnegotiationareusedfor

informationtransmissionbetweenthetwonegotiators.

3 P rivate Information

T hemain featureofthenegotiation is thatbothnegotiators haveprivate information.

Eachnegotiatordoes notknowtheimpatience(ordiscountrate)oftheotherparty.It

is commonknowledgethatthe r̄m's discountrateis included intheset[rPf;r
I
f],where

0 < rPf ·rIf,and thattheunion's discountrate is included in the set[rPu;rIu],where

0 < rPu·rIu.T hesuperscripts"I"and"P"identifythemostimpatientandmostpatient

types,respectively.T hetypesareindependentlydrawnfrom theset[rPi;rIi]accordingto

theprobabilitydistributionpi,fori=u,f.W eallowforgeneraldistributionsoverdiscount

rates.T hisuncertaintyimpliesboundsontheunionbargainingpowerwhicharedenoted

by° =rPf ¢
h
rIu+ rPf

i
and ° =rIf¢

h
rPu+ rIf

i
.

L emma1 Considerthewagebargainingwith incomplete information inwhichthedis-

tributions pf andpuare common knowledge,and in which the periodlength shrinks to

zero. Forany perfectBayesian equilibria (PBE), the payo® ofthe union belongs toh
U ¤(° );U ¤(° )

i
andthepayo®ofthe r̄m belongsto

h
¦¤(° );¦¤(° )

i
.
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T hislemmafollowsfromW atson's(1 998)analysisofR ubinstein'salternating-o®erbar-

gainingmodelwithtwo-sidedincompleteinformation.2 A s W atson(1 998)stated,L emma

1 establishesthat"eachplayerwillbenoworsethanhewouldbeinequilibrium ifitwere

commonknowledgethathewerehis leastpatienttypeandtheopponentwerehismost

patienttype.Furthermore,eachplayerwillbenobetterthanhewouldbeinequilibrium

withtherolesreversed".3 From L emma1 wehavethatwageoutcome,W ¤(° ;° ),satis̄ es

thefollowinginequalities:

W ¢
"
®("¡1 )(1 ¡° )+ "°
®("¡1 )(1 ¡¸)

#
·W ¤(° ;° )·W ¢

·
®("¡1 )(1 ¡° )+ "°
®("¡1 )(1 ¡¸)

¸
. (5)

N oticethateachwagesatisfyingthesebounds canbetheoutcomebychoosingap-

propriatelythedistributionovertypes.T helower(upper)boundis thewageoutcomeof

thecompleteinformationgame,whenitiscommonknowledgethattheunion'stypeisrIu
(rPu)andthe r̄m'stypeisrPf (rIf)(andtheunionbargainingpoweris ° (° )).Expression

(5)implies bounds onthe r̄m's employmentlevel,as wellas on the r̄m's output,at

equilibrium.

Incompleteinformation,thee±ciencywagee®ectsincreasetheequilibriumwagelevel.

Butoncetheunionandthe r̄mhaveprivateinformation,thiscompleteinformationresult

doesnotnecessarilyhold.T henecessaryandsu±cientconditiontorecoverthecomplete

informationresultis

¸ ¸1 ¡®("¡1 )(1 ¡° )+ "°
®("¡1 )(1 ¡° )+ "°

(6)

T hatis,thelargertheamountofprivateinformation
¯̄
°̄ ¡°

¯̄
¯thelarger¸ shouldbein

ordertogetforsurethate±ciencywagee®ects increasethewageatequilibrium incase

ofunion-̄ rmbargainingwithprivateinformation.H owever,ifitiscommonlyknownthat

theunion is strongerthanthe r̄m (i.e. ° ¸ 1
2 )andtheproductivityenhancinge®ects

ofpayinghigherwagesaresu±cientlylarge(i.e.¸ ¸ 1
2 ),thene±ciencywagee®ects still

increasethewageatequilibrium.
2Watson(1998) charac terized the set ofP B E payo®sw hich mayarise inRub instein'salternating-o®er

b argaininggame and construc ted b ound s(w hich are met) onthe agreementsthat may b e mad e. T he

b ound sand the P B E payo®sset are d etermined by the range ofincomplete informationand are easy to
compute b ecause they correspond to the SP E payo®softw o b argaininggamesofcomplete information.

T hese tw o gamesare d e¯ned by matchingone player'smost impatient type w ith the opponent'smost
patient type.

3Lemma 1 isnot a d irec t c orollary to W atson(1998) T heorem 1 b ecause W atson'sw orkfocuseson
linear preferences, but the analysiscanb e mod ī ed to hand le the present case. Translating Watson
(1998) T heorem 2 to our framew ork completesthe charac terizationofthe P B E payo®s. For any eU 2
[U¤(°);U¤(°)], e¦ 2 [¦ ¤(°);¦ ¤(°)], there existsd istributionspu and pf,and a P B E such that the P B E
payo®sare eU and e¦ .Inother w ord s,w hether or not allpayo®sw ithinthe intervalsgiveninLemma 1 are
possible d epend sonthe d istributionsover types.
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L emma1 andExpression(5)alsotellusthatine±cientoutcomesarepossible,evenas

theperiodlengthshrinks tozero.Thewagebargaininggamemayinvolvedelay(strikes

orlockouts),butnotperpetualdisagreement,atequilibrium.Indeed,W atson(1 998)has

constructedaboundondelayinequilibriumwhichshowsthatanagreementisreachedin

n̄itetimeandthatdelaytimeequals zeroas incompleteinformationvanishes.

Intheliteratureonstrikes(seee.g.KennanandW ilson,1 989),threedi®erentmeasures

ofstrikeactivityareusuallyproposed:thestrikeincidence,thestrikeduration,andthe

numberofworkdayslostduetoworkstoppages.Sinceweallowforgeneraldistributions

overtypesandwemayencounteramultiplicityofPB E,weareunabletocomputemeasures

ofstrikeactivityastheonesjustmentioned.4 H owever,weproposetoidentifythestrike

activitywiththemaximaldelayinreachingawageagreement.FollowingW atson(1 998)

T heorem 3,the largeris thedi®erencebetween theupperboundand lowerbound on

the bargainingoutcome, the largeris the potentialdelay forobtainingan agreement.

T herefore,thestrikeactivityisgivenbythedi®erencebetweentheupperboundandthe

lowerboundonthewageoutcome.5 So,thestrikeactivity,ª(̧ ),isgivenbythefollowing

expression.

ª(̧ )=
h
° ¡°

i
¢W ¢

·
® + (1 ¡®)"

®("¡1 )(1 ¡¸)

¸
, (7)

where

° ¡° =

h
rIfr

I
u¡rPf rPu

i

£
rPf + rIu

¤£
rIf + rPu

¤

From expression(7)itis immediatethatthestrikeactivityisalways increasingwiththe

e±ciencywagee®ects: @ª
@¸ > 0 .T heintuitionbehindthisresulthastodowiththetime

neededtoscreenortolearneachother'stype.Theincorporationofe±ciencywagee®ects

makesthewageobjectiveofthe r̄mlessobvious.Indeed,the r̄mmaystillbeinterested

inreachinglowwages,butlowwages reducethee®ortproducedbytheworkers (hence,

theirproductivity). A s aconsequence, the r̄m has plentyofscopetohidehertype,

whichisprivateinformation,inordertoreachamorefavorablewageoutcome.T herefore,

theunion(whostillclaims higherwages)mayneedmoretime,duringthenegotiation,

toscreenthe r̄m's type.Finally,noticethatthestrikeactivityis decreasingwiththe

elasticityofsubstitutionbetweenthedemandandtheprice:@ª
@" < 0 .

T henextpropositionsummarizesourmainresults.

4Inord er to compute anexpec ted strike d urationone w ould need to ¯xsome parametersofthe mod el

such asthe d istributionover typesbut it w ould implya substantiallossofgenerality.
5O ur measure ofstrike ac tivitygivesthe scope each player hasfor screeninghisopponent by making

w age proposalssatisfyingthe expression(5),and hence,for d elayingthe w age agreement.O nlyinaverage
thismeasure isa good proxyofac tualstrike ac tivity.
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Proposition1 Incaseofunion-̄ rmbargainingwithprivateinformation,e±ciencywage

e®ects increasethestrikeactivitybutdonotnecessarilyincreasethewageoutcome.H ow-

ever,ifitis commonlyknownthattheunion is strongerthan the r̄m (° ¸ 1
2 )andthe

productivityenhancinge®ects ofpayinghigherwages aresu±cientlylarge (̧ ¸ 1
2 ),then

e±ciencywagee®ects stillincreasethewageatequilibrium.
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