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A bstract

Inananalysisoftheformationofunionswithinasingle…rm, this
paperaddresses conditions underwhich encompassingunions form.
Itisshownthataproductionfunctionsatisfyingdecreasingmarginal
productivity leads tothe formation ofencompassingunions. T his
resultholdsfordi¤erentwaysofdividingthesurpluswithintheunion.
T he e¤ects ofchanges in heterogeneity, e.g. increased demand for
skilledlabor, arealsoanalyzed. Inthemostreasonablesetup, achange
inheterogeneitydoesnota¤ectthedecisionwhethertoformaunion
ornot. T hiscontrastswiththeresultinJun(19 8 9 ).
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1 Introduction

U nionsareanimportantlabormarketinstitutioninmanycountries, more

soinW esternEuropethanintheU nitedStates. Eventhoughtheshareof

organizedlaborrangesfrom around9 0% inScandinaviatolittlemorethan

10% intheU S, thereseemtobefewmodelsthataddressthequestionswhy

andwhenunions form. M oreover, labormarkets areundergoingconstant

andrapidchange. A s pointedoutbyN ickellandB ell(19 9 5), thedemand

forskilledrelativetounskilled laborhas increased. A tleastin somesec-

tors ofthelabormarket, heterogeneityamongworkers alsoseems tohave

increased. T his inturncana¤ectunions. H irsch(19 82), forexample, found

empiricalevidencethatheterogeneityofthelaborforcea¤ectsunionmem-

bership. L egislationisalsochangingtomakethelabormarketmore‡exible.

L egislativeamendments arelikelytoa¤ecttheformationandorganization

ofunions. Inanempiricalstudy, FreemanandPelletier(19 9 0) foundthat

legislationfavorabletounionstendstoincreaseuniondensity.

T hemainobjectiveofthis paperis toanalyzethecircumstancesunder

whichidenticalworkersformanencompassingunion. Inearliermodels, H orn

andW olinsky(19 88)andJun(19 8 9 ) studiedunionformationwhenthereare

two(groupsof)workers. H ereweallowforanarbitrarynumberofworkers.

W ealsoexaminehowchanges intherelativedemandbetweenskillgroups,

heterogeneityandlegislationa¤ectthepatternofunionization.

Inthemodeldevelopedhere, theagentsconsistofasetofworkersanda

…rm. W orkerscanformunionsandbargaineitherjointlyorseparatelywith

the…rm. T hetimingisasfollows(intwosteps): …rstunionsformandthen

theybargainwiththe…rm. U nion formationcan bemodeled in di¤erent
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ways. H ere, themain modelrelies on theexclusivemembership setup in

ShinandY i (19 9 1). Inthissetup, aworkercannotjoinaunionwithoutthe

consentofallmembersoftheunion. Inanextensionofthemodelwealso

studythecaseofopenmembership. Inthesecondstep, theunions’payo¤s

aregivenbythebargaininggameinW estermark(19 9 8).

W e study conditions on the production function thatlead workers of

thesametypetoform anencompassingunion. A s anexample, considera

productionfunctionthatsatis…es decreasingmarginalproductivity. T hen,

in anycoalition-proofN ash equilibrium, allworkers join the sameunion.

T heintuitionisthatif, say, twoworkerscontemplatestandingtogether, the

increaseinproductionduetothetwoworkers is morethantwiceas large

as themarginalcontributionofeachoftheworkers. T his implies thatthe

wageishigherwhenbargainingtogether, sinceworkersandthe…rmsplitthe

surplusequally. T herearealsosomeotherproductionfunctionsthatleadto

theformationofanencompassingunion.

T hee¤ectsofchangesinbothrelativedemandforskilled/unskilledwork-

ers andheterogeneitydependonhowthewagestructurewithinunions is

determined. W estudyamodelwheretheworkersbargainnoncooperatively

overthewagedi¤erential. W econsidertwocaseswheretheoutsideoption

di¤er. In the …rstcase, workers areunemployed iftheydonotagreeon

thewagedi¤erential. Inthesecondtheyareemployedandgets thestand

alonewage. T hesecondsetup seemstobethemostreasonable. Inthe…rst

case, an increaseindemandforskilledlabororinheterogeneityleadstoa

breakupofunions insome…rms. T hemostproductiveworkercangetmore

bybargainingalone. Intheothercasechanges inheterogeneityordemand
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forskilled labordonota¤ecttheformationofunions. A lso, ifthegame

inthe…rstsetup is playedrepeatedly, changes indemandforskilledlabor

orinheterogeneitydonotleadtothebreakup ofunions. T hus, themain

conclusion is thatchanges inheterogeneitydonota¤ecttheformationof

unions.

T hetheoreticalmodelbuilds primarilyonthreeearlierstudies byH orn

andW olinsky(19 8 8), whoanalyzedbargainingbetweena…rmandtwowork-

ers, G ül(19 8 9 ), whoexaminednoncooperativefoundations fortheShapley

value, andShinandY i (19 9 1), whoseexclusivemembership gameservesas

abasisforourunion-formationgame. T hispaperdi¤ersfrom thepaperby

H ornandW olinskyinthatweallowforanarbitrarynumberofworkers. A

furtherdi¤erenceisthatthemodelcanbeusedtoanalyzetheconsequences

ofheterogeneity.

T hemodelisdevelopedinSection2. Existenceofequilibrium andcon-

ditions thatmakesimilarworkers jointogetherin anencompassingunion

areexamined. Someextensions ofthemodelare introduced in Section3.

H eterogeneityisanalyzedinSection4andSection5 concludes.

2 TheM odel

T hesetofagentsconsistsofasetofworkers, denotedW , withgenericelement

i, anda…rm, denotedC F. L etW bethesetofsubsetsofW , includingthe

emptyset.

Productionopportunitiesaregivenbytheproductionfunctionf : W !
<:L et¹uirepresenttheutilityforworkeriwhennotworking, measuredin
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unitsofproduction. T heproductionfunctionandutilitieswhennotworking

satisfythefollowingcondition.

D e…nition1 Theproductionfunctionf and(¹ui)i2W satisfyrestrictedstrict

superadditivityif

forallC ;D µW suchthatC \D = ?, f(C [ D)¡f(C ) >
X

j2D
¹uj: (1)

T heeconomicinterpretationofthis condition isthefollowing. Suppose

the…rmemploystheworkersinC . T hen, addingthesetD tothe…rmleads

toanincreaseinoutputlargerthanthesum ofthelossesofutilityforthe

workers inD.

2.1 TheU nionFormationG ame

A unionstructureisapartitionofthesetofworkers. Eachsetinthepartition

iscalledaunion. W eusethisconventiontosimplifynotation, althoughitim-

pliesthatworkersbargainingseparatelyarealsocalledunions. L etn denote

thenumberofsetsinthepartition. Intheunionformationgame, eachworker

simultaneouslyannouncesasetofworkerswithwhomhewouldliketoform

aunion. Formally, thestrategyspaceforworkeriisSi= fT µW ji2Tg,
withgenericelementsi. T hestrategyspaceisthenS= £i2W Si, withgeneric

elements. L ets¡idenote(s1;::;si¡1;si+ 1;::;sjW j). A lso, letsT = (si)i2T and

s¡T = (si)i2W nT. T heoutcome, givenastrategypro…les, isapartitionofthe

setofworkers, denotedC(s) = fC 1;:::;C ng. L etui(s) denotethepayo¤ for
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workeri, giventhestrategypro…les. T hepayo¤saregivenbythebargaining

gamedescribedbelow.

A union cannotform unless allits’members agreeonwhoshould be

accepted. Formally, asetC is inC(s) ifforalli;j2 C wehavesj= si¶C

andforallk2W nC andalli2 C wehavesk6= si. A workercanunilaterally

leaveaunion, buthecannotbreakitup completely, as illustratedbythe

followingexample. Suppose thatthere are threeworkers and thatsi =

f1;2 ;3g foralli2W . T heoutcomeisC(s) = ff1;2 ;3gg. N ow, if1 deviates

andannouncess01 = f1g, theoutcomeisC(s01;s2 ;s3) = ff1g;f2 ;3gg.
T heequilibriumconceptsweusewhenstudyingtheunionformationgame

areN ashequilibriumandcoalition-proofN ashequilibrium (CP N E).

D e…nition2 A strategypro…les isaN ashequilibrium if

foralliandalls0i2Si, ui(s)¸ui(s0i;s¡i):

Tode…neacoalition-proofN ash equilibrium weneed tointroducethe

followingconcept.

D e…nition3 A n internallyconsistentimprovementforT µW on s is de-

…nedbyinduction.

IfjTj= 1, i.e. T = fig forsome i2 W , then s0i is an internally

consistentimprovementforion s if itis an improvementon s; thatis,

ui(s0i;s¡i) > ui(s).
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IfjTj> 1, thens0T isan internallyconsistentimprovementforT ons if

i) ui(s0T ;s¡T) > ui(s) foralli2T;

ii)
thereis noK ½T (K 6= ?) forwhichthereis an

internallyconsistentimprovementon (s0T ;s¡T):

D e…nition4 A strategy pro…le s is a coalition-proofN ash equilibrium if

thereis noT µW thathasaninternallyconsistentimprovementons:

T heCP N E conceptallows forasituationwhereseveralagents deviate

simultaneously, althoughwith somerestrictions. W hen consideringunion

formation, itseemsreasonabletoallowformultilateraldeviationsbyworkers,

sinceitisprobablynotdi¢cultforsubgroupsofworkerstomeetanddiscuss

formingaunion.

2.2 TheB argainingG ame

Inthebargaininggame, theplayersconsistofalltheunionsthatformedin

theunionformationgameandthe…rm. T he…rm is denoted C F. In this

section, wedenoteC(s)byC. W ithsomeabuseofnotation, theplayersetis

thenfC F ;C 1;:::;C ng. L etUdenotethesetofpossibleunionstructures

W eassumethatthepayo¤sforanyunionC i2C isgivenbythepayo¤s

inthenon-cooperativebargaininggameinW estermark(19 9 8), whereunions

aretreatedasindividualplayers. T hen, forallC i2C wede…ne¹uC i =
P
j2C i

¹uj.

A lso, recallthatcdenotesthebargainingcostincurredontheplayers. T he

costissplitequallybetweentheparticipantsinthebargaining.
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ForallC 2U, letUC i(C)denotetheexpectedutilityforplayerC i2C[ C F.

R ecallthatn denotesthenumberofunions. ForallC 2U, thepayo¤ fora

unionC i2C, is

UC i(C) =
f(W )¡f(W nC i)+ ¹uC i

2
¡c
2
: (2)

A lso,

UC F (C) = f(W )¡
nX

i= 1

f(W )¡f(W nC i)+ ¹uC i
2

¡n
c
2
: (3)

O neproblem is howtheagreeduponpayo¤ fortheunionshouldbedi-

videdamongtheunionmembers. T heassumptionthatallmembersofthe

uniongetthesamewageaccordswiththeobservationthatunionsoftenat-

tempttoequalizewages. IthasbeenpointedoutbyBlauandKahn(19 9 6)

thatwageshaveahighervariancefornon-unionthanforunionworkers. O ne

explanationforthis is thatunionsarepoliticalorganizations;seeFreeman

andM edo¤ (19 84).

Toseethatpoliticaldecisionscanleadtoequalizationofwages, consider

thefollowingexample. L etµ denotetheproductivityofaworkerandlet¹µ

denotethemeanproductivityoftheworkers intheunion. Supposeunion

membersvoteonwagepro…les thatcompensatethem forsomeofthepro-

ductivitydi¤erence, a¢
¡
µ¡¹µ

¢
+ ¹µ, providedthatthispro…leis feasiblefor

alla 2 [0 ;1]. T hen, ifthemedianproductivityislowerthantheaverage, the

medianvoterchooses tovotefora = 0:T hus, giventhestrategypro…les

intheunionformationgameleadingtothecoalitionstructureC, theequal

divisionwageforworkerk2 C i is

w ed
k (C i) =

f(W )¡f(W nC i)+ ¹uC i¡c
2 jC ij

8k2 C i;
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whereC i2C.
A nalternativeassumptionisthatunionmembersbargainoverthewages.

L et< Z ;d > denoteabargainingproblem, whered isthedisagreementpoint

and Z isthefeasibleset. L et' denoteabargainingsolution. Sinceutilityis

transferable, thefeasiblesetfortheworkersinunionC i is

Z C i = fx 2<jC ijj
X

k2C i
xk·

f(W )¡f(W nC i)+ ¹uC i¡c
2

g:

L etd C i2<jC ijdenotethedisagreementpointfortheworkersinunionC i.

L et' denoteabargainingsolution. G iventhatthepayo¤saredistributed

accordingto' , thewageforworkerk2 C i is

w '
k(C i) = 'k(Z C i;d C i):

A lso, thestandalonewageisdenotedwk(k).

2.3 Equilibrium

N owconsiderunionformationagainandassumethatpayo¤s aregivenby

expressions2 and3. ItiseasilyseenthataN ashequilibriumexists. Consider

thefollowingstrategypro…le. L etallworkersannouncesi= i. T henC(s) =
ff1g;f2 g;:::;fngg:Consideranys0suchthats0i6= iforsomeiands0j= jfor

allj6= i. T henC(s) = C(s0) andthusnoworkercangainfrom aunilateral

deviation;seeL emma8.1 inShinandY i (19 9 1). T hereasonisthat, given

thestrategypro…les, aunilateraldeviationcannotchangetheoutcome. A t

leasttwoworkershavetodeviateinorderfortheoutcometochange.

TostudyCP N E intheunionformationgameweneedtodeterminethe

payo¤ distributionwithinunions. N oequilibrium needexistascanbeseen

bythefollowingexample.
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Example1 SupposejW j= 3andf(W ) = 4 , f(S) = 3wheneverjSj= 2

andf(S) = 1 wheneverjSj= 1. Furthermore, foralli2 W , weassume

¹ui= 0 . Then, ignoringc, thesurplusforaunionifallworkersformaunion

is 2 , iftwoworkersformaunion 3
2 . L et'̂ denotethesolutionthatgivesrise

tothewagesdescribedbelow. Thestandalonewageis 1
2 forallworkers. L et

w '̂
i(W ) = 2

3 foralli2 W , w '̂
1 (12 ) = 0:8 andw '̂

2 (12 ) = 0:7, w '̂
2 (2 3) = 0:8

andw '̂
3(2 3) = 0:7, w

'̂
1 (13) = 0:79 andw

'̂
3(13) = 0:71. ThennoCPN Eexists.

Tooseethis, …rstconsiderastrategypro…lesthatleadstoanencompass-

ingunion. Thenlet1 and 2 deviateandannounces01 = s02 = f12 g. Clearly,
w '̂
1 (12 ) > w '̂

1 (12 3) andw '̂
2 (12 ) > w '̂

2 (12 3). A lso, sincew '̂
1 (12 ) > w '̂

1 (1) and

w '̂
2 (12 ) > w '̂

2 (2 ) noneofthedeviatingworkers has an incentivetodeviate

from thepro…le(s01;s02 ;s3). Thens01 = s02 = f12 g is an internallyconsistent

improvement.

N owconsiderastrategypro…les thatgivesrisetothecoalitionstructure

ff12 gf3gg. L etworker2 and3deviatebychoosings02 = s03 = f2 3g. Clearly,
w '̂
2 (2 3) > w '̂

2 (12 ) andw '̂
3(2 3) > w '̂

3(3). Thedeviation s02 ;s03 is an internally

consistentimprovement, since w '̂
2 (2 3) > w '̂

2 (12 ) > w '̂
2 (2 ) and w '̂

3(2 3) >

w '̂
3(3). Byasimilarargument, nopro…lewhere 2 workersform aunioncan

beanequilibrium.

L astly, considerastrategypro…les thatsuchthatallworkers standsep-

arately. Then let1 and 2 deviateandannounce s01 = s02 = f12 g. Clearly,

w '̂
1 (12 ) > w '̂

1 (1) and w '̂
2 (12 ) > w '̂

2 (2 ). A lso, since w '̂
1 (12 ) > w '̂

1 (1) and

w '̂
2 (12 ) > w '̂

2 (2 ) noneofthedeviatingworkers has an incentivetodeviate

from thepro…le(s01;s02 ;s3). W econcludethatnoCPN Eexists.

G ivensomesharingrule' , de…neforallSµW , ¢ '
i(S;d ) = w '

i(S)¡d i
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foralli2S. Saythat' satis…estheproportionalpropertyif

foralli;j2W , forallSµW , ifi;j2Sthen¢ '
i(S;d ) = kij¢

'
j(S;d ):

T husworkerjalwaysgets, forexample, threetimesasmuchofthesurplus

asworkeriiftheyareinthesameunion. U nderourassumptions, theN ash

bargainingsolution satis…es the proportionalproperty forkij = 1 forall

i;j2W . T heweightedN ashbargainingsolutioncanalsobeaccommodated

byotherchoicesofkij.

Theorem1 A CP N E exists intheunionformationgameif' satis…es the

proportionalproperty.

Proof. Step 1: N ormalization.

L et ¹¢ '
1(W;d ) = ¢ '

1(W;d ). Foralli2 W , de…neki1 =
¢ '
i(W;d )

¢ '
1 (W;d ) andlet

¹¢ '
i(W;d ) = 1

ki1
¢ '

i(W;d ). T hen ¹¢ '
i(W;d ) = ¹¢ '

1(W;d ). A lso, let ¹¢ '
i(S;d ) =

¢ '
i(S;d )

¢ '
i(W;d )

¹¢ '
i(W;d ). T hen, fori;j2S, bytheproportionalpropertywehave

¹¢ '
i(S;d )
¹¢ '
j(S;d )

=
¢ '
i(S;d )

¢ '
i(W;d )

¹¢ '
i(W;d )

¢ '
j(S;d )

¢ '
j(W;d )

¹¢ '
j(W;d )

=
¢ '

i(S;d )
¢ '

j(S;d )
¢ '

j(W;d )
¢ '

i(W;d )
= 1:

Step 2 : Constructionofstrategypro…lesm ax.

L et ¹¢ '(S;d ) = ¹¢ '
i(S;d ) foralli2 S. Find argm axSµW f¹¢ '(S;d )g.

Ifthere is morethanonesuchset, pickoneofthelargest, Sm ax1. Forall

k2Sm ax1, letsk = Sm ax1.

N ow…nd argm axSµW nSm ax1f¹¢ '(S;d )g. Ifthere is morethanonesuch

set, pickoneofthelargest, Sm ax2 . Forallk2Sm ax2 , letsk = Sm ax2 .

R epeatthisuntil[ mj= 1Sm axj= W . D enotethisstrategypro…lebysm ax.
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Step3: Equilibrium.

W eclaimthatsm ax constitutesacoalition-proofN ashequilibrium. N oset

ofworkersinSm ax1 hasaninternallyconsistentimprovementonsm ax, since

theyalreadygetthehighestpossiblepayo¤. T hisfollowssince, fori2S;T ,

¢ '
i(S;d ) > ¢ '

i(T;d ) i¤ ¹¢ '(S;d ) > ¹¢ '(T;d ):

H ence, ifasetofworkershasaninternallyconsistentimprovementonsm ax

itmustconsistofworkersinW nSm ax1.

H owever, nosetofworkersinSm ax2 hasaninternallyconsistentimprove-

mentonsm ax togetherwithsomeothersetofworkersinW nSm ax1, sincethey

alreadygetthehighestpossiblewageinW nSm ax1. H ence, ifasetofworkers

hasaninternallyconsistentimprovementonsm ax itmustconsistofworkers

inW nfSm ax1 [ Sm ax2 g.
B yrepeatingthis argumentforallSm axjnosetofworkers has an in-

ternallyconsistentimprovementonthe strategypro…le sm ax. T hus, sm ax

constitutesacoalition-proofN ashequilibrium.

T heintuitionbehindtheproofis as follows. First, normalizeallwages

accordingtothewageof, say, worker1. Proportionalityimpliesthatifthe

(net)nonnormalizedwageishigherforaworkerinoneunionthaninanother,

thenthe(net) normalizedwageisalsohigher. N ext, …ndthecoalitionthat

gives thehighestnormalizedwage. T heworkers in this coalition form a

union. Byproportionality, allworkersinthiscoalitiongetthehighestpossible

wage. T hen, amongtheremainingworkers, …ndthecoalitionthatgivesthe

highestwage. T hiscoalitionformsaunion. R epeatthisuntilallworkersare

members ofunions. T heresultingunionstructureis anequilibrium. T his
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follows, sinceadeviatingcoalition cannotconsistofworkers intheunion

wheretheworkersgetthehighestwage. A mongtheremainingworkers, no

workerin thecoalition thatgets thenexthighestwagewants todeviate.

T henadeviatingcoalitioncannotconsistofworkersinthiscoalitioneither.

B yrepeatingthisargumentforallunions, wehaveanequilibrium.

TheShapleyValue

N owassumethatthesurplusinaunionisdistributedaccordingtotheShap-

leyvalue. T hesurplusthataccruestoaunionisthebene…tsfrombargaining

withthe…rm. T hus, thevalueofacoalitionC i isthen

v(C i) =
f(W )¡f(W nC i)+ ¹uC i¡c

2
: (4)

N otethatifjC ij= 1, v(C i) is equaltothestandalonewagefortheworker

inC i. IftheunionC iforms, thenthepayo¤ foraunionmemberk2 C i is

wSh
k (C i) =

X

S½C i
k=2S

K C i
S [v(S[ k)¡v(S)]:

whereK C i
S = jSj!(jC ij¡jSj¡1)!

jC ij! . R earrangingthisandusingexpression4gives

wSh
k (C i) =

X

S½C i
k=2S

K C i
S
f(W nS)¡f(W nfS[ kg)

2
¡ c
jC ij

+ ¹uk: (5)

T hus, eachworkergetsaweightedaverageofhismarginalcontributionswhen

joiningaunionS½C i. Forexample, supposeanencompassingunionforms.

T henthepayo¤ foraworkerkis

wSh
k (W ) =

X

S½W
k=2S

K W
S
f(W nS)¡f(W nfS[ kg)

2
¡ c
jW j+ ¹uk:
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N otethatthis coincides with the solution presented in Stoleand Z weibel

(19 96)whenworkersbargainseparatelyandsignnon-bindingcontracts.

ExistenceofaCP N E equilibrium cannotbeguaranteed. T hefollowing

productionfunctionandreservationutilitiesisanexamplethathasnoCP N E.

A ssumethatjW j= 4 andthatf(W ) = 4 1, f(12 3) = 35 , f(12 4 ) = 4 0 ,

f(134 ) = 32 , f(2 34 ) = 4 0 , f(12 ) = 2 0 , f(13) = 30 , f(14 ) = 2 0 , f(2 3) = 2 5,

f(2 4 ) = 2 0 , f(34 ) = 2 0 , f(1) = 10 , f(2 ) = 19 , f(3) = 0 andf(4 ) = 19. A lso,

assumethat¹u1 = ¹u2 = ¹u3 = ¹u4 = 0 .

2.4 EncompassingU nions

N owsupposeallworkers areidenticalandthatthepayo¤s aredistributed

equallyamongunionmembers. A nysymmetricandweaklyParetooptimal

solutiongivesrisetothisdistributionofpayo¤swithintheunion. W eassume

f(?) = 0 . L et¹u= ¹uiforalli2W . Ifthefollowingconditionholds,

f(W )
2 jW j¸

f(W )¡f(W ni)
2

(6)

thenthereexistsaN ashequilibrium intheunionformationgamewhereall

workersaremembersofthesameunion.

Condition6impliesthatthewagewheneveryonestandstogetherishigher

thanwhenaworkerstandsalone. Sincetheonlydeviationaworkercanmake

whenanencompassingunionhasformedistostandalonetheunionstructure

withanencompassingunionisaN ashequilibrium. T hebargainingcostalso

makesanencompassingunionmoreattractive. A lone, aworkerhastopay
c
2 himself. Ifheisamemberofanencompassingunion, thecostc

2 issplitup

equallyamongunionmembers.
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Supposethefollowingconditionholds

8C ½W wehave
f(W )
jW j ¸

f(W )¡f(W nC )
jC j : (7 )

T his condition implies thatthewage is highestwhenallworkers bargain

together. Condition7 is impliedbydecreasingmarginalproductivity. T hen

anyCP N Eunionstructureconsistsofanencompassingunion, as is shown

below.

Theorem2 If' is symmetric, e¢cientand 7 holds, then aCPN E union

structureconsistsofanencompassingunion.

Proof. Symmetryande¢ciencyimply' = ed . W ehave

w ed
i (W ) =

f(W )
2 jW j+

¹u
2
¡ c
2 jW j

and, fori2 C ,

w ed
i (C ) =

f(W )¡f(W nC )
2 jC j +

¹u
2
¡ c
2 jC j:

Clearly, forallC ½W , expression 7 impliesthat, foralli2 C , w ed
i (W ) >

w e d
i (C ). T hen the strategypro…le s¤ where, foralli2 W , s¤i = W is a

CP N E.SincewagesaresmallerinanyunionC ½W , thereisnoC thathas

aninternallyconsistentimprovementons¤.

N owconsiderastrategypro…les0suchthatthereexistsaunionC 2C(s)
with C ½ W . L etallworkers deviatebyplayings00i = W . Sinceforall

C ½W andalli2 C wehavew ed
i (W ) > w ed

i (C ), allworkersgain. A lso, by

7 , thereisnopro…tabledeviationfrom s00foranysetofworkers. T huss00is

aninternallyconsistentimprovementofW ons0. H ence, astrategypro…les

15



suchthatthereexistsaC 2C(s)withC ½W cannotbeaCP N E

Theintuitionbehindthis resultis as follows. Sincethewageis highest

fortheencompassingunionandsincemultilateraldeviationsareallowed, in

anystructurewhichhasmorethanoneunion, allworkersdeviatetogether

andform anencompassingunion. G iventhatanencompassingunionhas

formed, nosetofworkerswants todeviate, sincethatwouldreducetheir

wages.

R ecallthatallunionsareselectedwiththesameprobability. O therse-

lectionprobabilities arealsoreasonable. Forexample, theprobabilitythat

aunionisselectedtobargainwiththe…rmcoulddependonthenumberof

workersintheunion. L etppC idenotetheprobabilitythatunionC iisselected

asproposer, andassumecsmall. T hepayo¤ foraunionC i is

ppC i[f(W )¡f(W nC i)¡¹uC i]+ ¹uC i¡ppC ic:

A ssumethatpayo¤sintheunionformationgamearegivenbythisequilib-

rium. T hen, aslongastheprobabilitythattheunionisselectedasproposer

is thesameforallunions, thecondition is thesameascondition 7 . Ifthe

probabilitythataunion is selectedas proposervaries amongunions, then

theconditioncorrespondingto7 is

8C ½W wehave
ppW
jW j[f(W )¡¹uW ]¸

ppC
jC j[f(W )¡f(W nC )¡¹uC ]:

TheShapleyValue

N owsupposeworkers arepaidwages accordingtotheShapleyvalueas in

section2.3andrelaxtheassumptionofidenticalworkers. T hepayo¤ fora

16



workerisgivenbyexpression5. Supposethattheproductionfunctionsatisfy

decreasingmarginalproductivity. W ehavethefollowingresult.

L emma1 If' = Sh andf satis…esdecreasingmarginalproductivity, then

anencompassingunionforms.

Proof. D ecreasingmarginalproductivityimpliesthat, forallS;T ½W such

thatS¾T andallk=2T wehave

f(W nS)¡f(W nfS[ kg)
2

>
f(W nT)¡f(W nfT [ kg)

2
:

R ecallthatthewagefortheworkerkisgivenby

wSh
k (C i) =

X

S½C i
k=2S

K C i
S
f(W nS)¡f(W nfS[ kg)

2
¡ c
jC ij

+ ¹uk: (8)

Consideraddingaworkerjto someunion C i ½ W . L etC 0i = C i[ j.

L etS½ C iandk2 C ibearbitrary. Considerunion C i. T heprobability

thatcoalitionS is selected is K C i
S = jSj!(jC ij¡jSj¡1)!

jC ij! andthecontribution is
f(W nS)¡f(W nfS[kg)

2 .

ConsidertheunionC 0i. T heprobabilitythatcoalitionS isselectedis

K C 0i
S =

jSj!(jC 0ij¡jSj¡1)!
jC 0ij!

=
jC ij¡jSj
jC 0ij

jSj!(jC ij¡jSj¡1)!
jC ij!

and the contribution is f(W nS)¡f(W nfS[kg)
2 . T he probability thatS[ j is

selectedis

K C 0i
S[j=

jS[ jj!(jC 0ij¡jS[ jj¡1)!
jC 0ij!

=
jSj+ 1
jC 0ij

jSj!(jC ij¡jSj¡1)!
jC ij!

andthecontributionis f(W nfS[jg)¡f(W nfS[k[jg)
2 . A lso, wehave

wSh
k (C

0
i) =

X

S½C i
k=2S

½
K C 0i

S
f(W nS)¡f(W nfS[ kg)

2

17



+ K C 0i
S[j

f(W nfS[ jg)¡f(W nfS[ k[ jg)
2

¾
¡ c
jC ij+ 1

+ ¹uk:

N otethat

K C 0i
S + K C 0i

S[j=
jC ij¡jSj
jC 0ij

K C i
S +

jSj+ 1
jC 0ij

K C i
S = K C i

S :

B ydecreasingmarginalproductivitywehave

f(W nfS[ jg)¡f(W nfS[ k[ jg)
2

>
f(W nS)¡f(W nfS[ kg)

2
:

T hen, sincekandSarearbitrary, forallk2 C i, wehavewSh
k (C 0i) > wSh

k (C i).

B yinduction, forallDiandC isuchthatjDij> jC ijandallk2 C i, wehave

wSh
k (Di) > wSh

k (C i). B yanargumentsimilartotheproofofTheorem 1 an

encompassingunionistheonlyCP N Eunionstructure.

T hus, ifaworkerisaddedtoaunion, expression5 impliesthatthepayo¤

foralltheworkers intheunionincreases. T hen, encompassingunions is a

CP N Ewhentheproductionfunctionsatisfydecreasingmarginalproductiv-

ity. A lso, itis theuniqueCP N E, sinceanyotherunionstructurehas the

workersdeviatingandforminganencompassingunion.

3 Extensions

3.1 O penM embership

W enowturntothecasewhereworkersareallowedtojoinaunionwithout

theconsentofits members. T his seems tobemostreasonablewhenthe

workersareidentical. T heunionformationgameismodi…edasfollows. T he
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strategyspaceforworkeriisSi= fa1;a2 ;:::;argwherer¸jW j. A coalition

C forms if, foralli;j2 C , wehavesi= sjand, forallk=2 C andalli2 C ,

wehave sk 6= si. T hen aworkercanunilaterallyjoin aunion, as can be

seenbythefollowingexample. Supposethereare…veworkers. A ssumethat

s1 = s2 = s3 = a2 , s4 = a4 ands5 = a1. T hen C(s) = ff1;2 ;3g;f4 g;f5gg.
N owsupposeworker5announcess05 = a2 instead. T henC(s1;s2 ;s3;s4 ;s05) =
ff1;2 ;3;5g;f4gg.

Inthis setup, nocoalition-proofN ashequilibrium needexist, as canbe

seenfromthenextexamplewithidenticalworkers.

Example2 Iftheworkers are identical, wages in aunion dependonlyon

thesizeoftheunion. L etŵ (i) denotethewage inaunion ofsizei. N ow

supposethatjW j= 5andthatŵ (3) > ŵ (4 ) > ŵ (2 ) > ŵ (1) > ŵ (5). First,

supposethatastrategypro…leshasaunionstructurewherenounionconsists

ofexactlythreeworkers. Thenletworkers 1;2 and3deviateandannounce

s01 = s02 = s03 = aiwhereai6= s4 andai6= s5. Byconstruction, thedeviating

workers strictlygain. A lso, noneoftheworkers 1;2 and3wantstodeviate

from (s01;s02 ;s03;s4 ;s5), sincetheygetthehighestpossiblewage. Thus, workers

1;2 and3haveaninternallyconsistentimprovementons. Second, suppose

thata strategy pro…le s has a union structure with a union thatconsists

ofexactlythreeworkers, sayworkers 1, 2 and3. Thenworker 4 gains by

deviatingandannouncings04 = s1, since ŵ (4 ) > ŵ (2 ) > ŵ (1). Thus, worker

4 hasaninternallyconsistentimprovementons. ThisimpliesthatnoCPN E

unionstructureexists.

N ext, considerconditionsontheproductionfunctionfortheformationof

anencompassingunion. Considerthefollowingcondition. T heconditionfor
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anencompassinguniontobetheonly N ashequilibrium coalitionstructure

is

8C 0;C µW s.tC 0½C
f(W )¡f(W nC )

jC j ¸f(W )¡f(W nC 0)
jC 0j : (9 )

T his condition implies thatthewageincreaseswiththesizeoftheunion,

takingthebargainingcostintoaccount. Itimpliescondition7 , whichfollows

bysettingC = W .

L emma2 If' issymmetric, e¢cientand9 hold, thenaN Eunionstructure

consistsofanencompassingunion.

Proof. Toseethis, recallthatthewagewithequalsharing, is

w ed
i (C ) =

f(W )¡f(W nC )
2 jC j +

¹u
2
¡ c
2 jC j:

B ycondition9 above, wehavew ed
i (C ) > w e d

i (D)wheneverjC j> jDj, forall
i2D.

First, consideraunionstructurewithmorethanoneunion. L etC 02C(s)
denoteoneofthelargestunions. T hen, foralli;j2 C 0, si = sj. Consider

somek2W nC 0. Supposek2D02 C(s). Foralli2 C 0; lets0k = si. Since

jC 0j̧ jD0j, wehavew ed
k (C 0[ k) > w ed

k (D0). T hus, nostrategypro…lewhere

therearemorethanoneunioncanbeaN Eunionstructure.

Second, supposeW 2C(s). T hen, sincew ed
i (W ) > w ed

i (i)noworkergains

bydeviatingfrom s.

Consideraunionstructurewithmorethanoneunion. Findthelargest

possibleunion. T hentheworkersinthatunionhavethehighestwage, com-

paredwiththewageintheotherunions. M oreover, ifanotherworkerjoins
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theunion, thewageincreases. Sinceitispossibleforaworkertojoinaunion

unilaterallyintheopenmembership setup, hewillchoosetodoso. H ence

any initialstructurewithmorethanoneunion cannotbeanequilibrium.

T heunionstructurewhereallworkersformanencompassingunionisaN E,

sincethewageislowerinallotherpossibleunions.

T heconditionontheproductionfunctionforanencompassinguniontobe

aCP N Eunionstructureisthesameasinthecaseofexclusivemembership.

3.2 Endogenous L aborChoice

Inthissection, wemaketheadditionalassumptionthatthe…rmcanchoose

thelevelofemploymentafterunionshaveformed. T hus, wehaveagamewith

twotimeperiods. W erestrictattentiontoidenticalworkersandassumethat

payo¤swithinaunion is distributedaccordingtoasymmetricandweakly

Paretooptimalsolution. T hus, ifworkersareidentical, allworkersthatare

membersofthesameunionreceiveequalwages.

T heplayersetisW [ C F . Inthe…rstperiod, eachworkerisimultaneously

announces asetofworkers itwants toform aunionwith. Formally, the

actions available toworkeri in period 1 is A1i = fT µW ji2Tg, with

genericelementa1i. L etA1 = £i2W A1i and leta1 = (a1i)i2W . Foreach

a1 2A1 thereexistaunionstructure, denotedC(a1), de…nedbytheexclusive

membershipmechanism, asdescribedinSection2. N owconsidertheactions

availabletothe…rm, given a1 2 A1. Foralla1 2 A1, weassumethatthe

actionsavailabletothe…rmisA2 (a1) = fT ½C(a1)[?gwithgenericelement

a2 . T hus, the…rm isallowedtochooseasubsetofC(a1)andthenithiresall

workers intheselectedunions. H iringnoneoftheworkers is allowed. L et
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§ denotethestrategyspaceofthis game, withgenericelement¾. L etH t

denotethesetofpossiblehistoriesattimet. N otethat, H 0 = ?. A strategy

inperiodtisafunctionofallpossiblehistoriesuptoperiodt. G iven¾ , let

U(¾) = fi2 ¾ 2 (a1)wherea1 = ¾ 1(?)g denotethesetofworkersthe…rm

employs. Forsome¾ 2 § , thepayo¤sforanyj2 C i2C(¾ 1(?)) isthen

uj(¾) =
1
jC ij

f(U(¾))¡f(U(¾)nC i)+ ¹uC i¡c
2

:

A lso,

uC F(¾) = f(U(¾))¡
X

C i2¾ 2 (a1)n?

f(U(¾))¡f(U(¾)nC i)+ ¹uC i¡c
2

:

A nyworkerj2W thatisnothiredbythe…rm gets ¹uj. L et¡ denotethis

extensivegame.

Saythatastrategypro…le¾ 2 § isaPerfectlyCP N E inthegame¡ if

itisaCP N E inanypropersubgameof¡. T hisdoesnotcoincidewiththe

conceptusedinB ernheim, PelegandW hinston(19 8 7 ). H owever, usingtheir

conceptdoesnota¤ectourresult.

G ivensome¾ 2 § , sincethe…rm istheonlyplayerinthelastperiod, a

strategypro…le¾ 2 § thatisaPerfectlyCP N Erequiresthatthe…rmmust

choosetobargainwiththesubsetofunionsthatgivesthe…rm thehighest

pro…ts. A lso, therecannotbeanICI wherethe…rm deviatestogetherwith

someworkerstoapro…lewherethe…rm’spro…tsarenotmaximal, giventhe

resultingunionstructure. T henthe…rm candeviatefurtherandchooseto

hiretheunionsthatgivesthe…rmhighestpro…t.

A motivationforlettingthe…rm chooseemploymentafterunions have

formedisthatthechoiceofunionstructureisamorelong-rundecisionthan
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the …rm’s choice ofemployment. W e examine someofthe consequences

ofintroducinga laborchoice intothemodelby studyinga three-worker

example, relatedtotheanalysis inH ornandW olinsky(19 8 8).

Example3 Consideranexamplewiththreeidenticalworkers. L et' beany

symmetricandweaklyParetooptimalsolution. W eassume¹ui= 0 fori= 1;2

and3. L ettheproductionfunctionbede…nedasfollows

f(S) =

8
>>><
>>>:

4 forjSj= 3
2 " forjSj= 2
" forjSj= 1

where 0 < " < 2 . Thus, allworkersproducefourunits, twoworkersproduce

2 " unitsandoneworkerproduces " units. This impliesthattheworkersare

nearlyperfectcomplements if" is small.

Considerthepayo¤ s. Supposeallworkersarehiredandtheworkersform

separateunions. Thewagesarethenwi(i) = 2 ¡"¡c
2 foralli= 1;2 ;3. N ow

supposetwooftheworkers, say 1 and 2 , join togetherin aunion, andall

threeworkersarehired. Thenw '
1 (12 ) = w '

2 (12 ) = 1¡ "
4 ¡c

4 . Ifallworkers

form anencompassingunionwages arew '
i(12 3) =

2
3¡c

6 fori= 1;2 ;3. If

twoworkersarehired, thewagesforthehiredworkersare "
2 ¡c

2 ifnounion

forms or "
2 ¡c

4 ifthehiredworkers formedaunion. Pro…tis "¡c
2 ifthe

hiredworkersformedaunionand"¡cotherwise. Ifoneworkerishired, the

wageis "
2 ¡c

2 andpro…tis "
2 ¡c

2 .

Supposec< 1
4 . First, suppose" =

1
4 . Thepro…tsofthe…rm fordi¤ erent

hiringlevelsandunionstructureis givenbythefollowingtable.
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Table1. Pro…tswhen" = 1
4 .

U nionstructure 1 hired 2 hired 3hired

(ijk) notfeasible notfeasible 2 ¡c
2

(ij)(k) 1
8 ¡c

2
1
4 ¡c

2
3
8 ¡c

(i)(j)(k) 1
8 ¡c

2
1
4 ¡c ¡5

4 ¡3c
2

Considerastrategypro…le¾ leadingtoaunionstructurewhereallwork-

ers bargain bythemselves. Then the…rm hires twoworkers andwages for

thehiredworkers are 1
8 ¡c

2 . Considerthedeviationwheretwoworkersj;k

announce ¾01j(?) = ¾01k(?), leadingtojand k forminga union. Then

the…rm hires allworkers. N otethatbothworkers thatdeviategains, since

w '
j(jk) = w '

k(jk) =
15
16¡c

4 >
1
8 ¡c

2 . A lso, sincew '
i(12 3) < w '

i(jk), none

oftheworkers j;khas afurtherdeviation. Thus, this deviation is an ICI

upon ¾. Considerastrategypro…le¾ leadingtoaunionstructurewhereall

workersbargaintogether. Thenthe…rmhiresallworkers. A deviationbytwo

workerstoform aseparateunionis againanICI upon ¾ , since, fori2W ,

w '
i(12 3) < w '

i(jk). A lso, astrategypro…lethatleads toaunion structure

wheretwoworkers form aunion is aPerfectlyCPN E, sinceanydeviation

from this pro…leleadstolowerwages.

N owsuppose" = 5
4 . Thepro…tsofthe…rm fordi¤ erenthiringlevelsand

unionstructureswhen" = 5
4 is givenbythefollowingtable.
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Table 2 . Pro…tswhen" = 5
4 .

U nionstructure 1 hired 2 hired 3hired

(ijk) notfeasible notfeasible 2 ¡c
2

(ij)(k) 5
8 ¡c

2
5
4 ¡c

2
15
8 ¡c

(i)(j)(k) 5
8 ¡c

2
5
4 ¡c 7

4 ¡3c
2

The …rm always hirethreeworkers. Then w '
j(W ) = 2

3¡c
6 andforall

j2W , wj(j) = 3
4 ¡c

2 . Furthermore, whenjSj= 2 wehavew '
j(S) =

11
16¡c

4

forj2S. Consideranystrategypro…le¾ whereaunionconsistingofmore

thanoneworkerhas formed. Considerthedeviationwheretheworkerjis

inthis union. L et¾01j(?) = fjg. Sincewj(j) > w '
j(S) foranySsuchthat

jSj> 1, this deviation is an ICI upon ¾. A lso, sincewk(k) > w '
k(S) forall

k2 W foranyS suchthatjSj> 1, anystrategypro…lewheretheworkers

bargainseparatelyisaPerfectlyCPN E.

T hereasonunderlyingtheresultwhen" = 1
4 is thatworkershavevery

strongbargainingpowerwhennegotiatingbythemselves. T heycanmoreor

less shutdownproductionbygoingon strike. T he…rm wouldthen incur

losses;hencethe…rmchoosestohirelessthanthreeworkers. A llplayersget

lowpayo¤s. B yjoiningtogether, twoworkerscouldreducetheirbargaining

power. Increasingemploymentfrom twotothreeworkers makes itpossi-

bletoutilizethe increasingreturns oftheproduction function. Everyone

wouldgain, comparedwiththesituationwhereworkersbargainseparately.

W hen" = 5
4 , thisproblemdoesnotoccur. T hus, theonlyequilibriumunion

structureiswhereeachworkerstandsalone.
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A s shownbyH ornandW olinsky, iftwoworkersareclosecomplements,

theydonotform anencompassingunion. T hereasonisthatunderstrong

complementarity, whenan individualworkerwithholds his labor, the…rm

loses alotofoutput. H encehecannegotiateahighwage. O ntheother

hand, whentheworkersaresubstitutes, outputislessa¤ectedifoneworker

withholds his labor;hencethis workergets alowwage ifhebargains by

himself. Inotherwords, whenworkers aresubstitutes, joiningtogetheris

pro…tablefortheworkers. H ornandW olinskyalsoclaimed(withoutproof)

thattheresultsextendtothecasewithmorethantwoworkers. Contraryto

theclaiminH ornandW olinsky, anincreaseincomplementarity("decreases

from 5
4 to 1

4 ) leadstoformationofaunion.

4 D emandShiftsandChangesinH eterogene-

ity

Tostudychangesinrelativedemandandheterogeneity, weconsideramodel

withtwotypesofworkers, 1 and 2 .

L ettheproductionfunctionbede…nedas

2 works 2 doesnotwork

1 works ¹(1 + µ) µ

1 doesnotwork 1 0

where¹ representsthedegreeofcomplementaritybetweenthetwoworkers,
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andµ¸1 theproductivitydi¤erence.1 T hus, worker1 isthemostproductive

worker. W eassume0 < ¹u2 ·¹u1. A nincreaseindemandforskilledworkers

oranincreaseinheterogeneityismodeledasanincreaseinµ:

In thepaperby Jun (19 89 ), whostudies iftwoworkers form aunion

ornot, equalsharingis obtainedwhen aunion is formed. In thepaper,

workers…rstdecidewhethertoformaunionandthenbargainoverthewage

di¤erentialbeforeproductionstarts. T hereasonequalsharingis obtained

in Jun’s paperdoes notseem very sensible, however. In Jun’s model, in

thecasewherewagesareunequalinaunion, workersbargainoverthewage

di¤erential. W henbargaining, theoutsideoptionofthehighproductivity

workerisbinding. T henbargaininggiveshim theoutsideoption(thestand

alonewage). A tanearlierstage, thehighproductivityworkercanchoose

tostandbyhimself(andgetproductionstartedimmediately). B ecausethe

workeris impatienthedoesso, sincehegetsthesamewageearlier. T husno

unionforms.

Tostudythis, westudyagamewhereaunion…rstisformed. Ifaunion

is formedthennoncooperativebargainingoverthewagedi¤erentialtakes

place. T hus, …rstthetwoworkers simultaneouslyannounceacoalitionof

workers. Ifbothworkers donotagreetoform aunion, theybothreceive

theirstandalonewages. Iftheyagreetoform aunion, oneoftheworkers

is selectedas proposerwithequalprobability. T heselectedproposerthen
1H ornandW olinsky(19 8 8) use

U works U doesnotwork

S works y+ x x

S doesnotwork x 0
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makesaproposal, denotedbifori= 1;2 , howtodividethesurpluswithinthe

union. T herespondentthenanswersyesorno. Iftheproposalisaccepted,

theallocationis implemented. Iftheproposalisrejected, eachworkerigets

apayo¤ d i. T he…gurebelowdescribesthegame.

Figure1:T heU nionFormationG ame.
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W eanalyzetwocaseswhereweassumed i= ¹uiandd i= wi(i)fori= 1;2 .

T hemotivationforthe…rstsetup is thatproductioncannotstartuntilthe

workershaveagreedonhowtoorganizethemselves. W estudysubgameper-

fectequilibriathatarealsoCP N Eofthisgame. T heperfectlyCP N Econcept
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presentedinSection3.2 givesresultssimilartothosepresentedbelow. H ow-

ever, inarepeatedgame, studiedinthenextsection, problemswithexistence

ariseiftheperfectlyCP N Econceptisused. R ecallthatastrategypro…leisa

subgameperfectequilibrium (SPE) ifitisaN ashequilibrium inanyproper

subgameofthegame.

T hestrategyspaceisdenoted§ b withgenericelement¾. L et

¢ (12 ) =
¹(1 + µ)¡¹u1¡¹u2

2
+ ¹u1 + ¹u2

bethe(gross) surplusfortheunion.

W ehavethefollowingresult.

L emma3 Supposed i= ¹uifori= 1;2 . If¹ < 1¡ 1
(1+ µ)j(µ¡¹u1)+ (¹u2 ¡1)j

thenany¾ 2SPE\ C PN E hasaunionstructureconsistingofanencom-

passingunion.

Proof. R ecallthatthestandalonewagesare

w 1(1) =
¹(1 + µ)¡1¡¹u1

2
+ ¹u1

and

w 2 (2 ) =
¹(1 + µ)¡µ¡¹u2

2
+ ¹u2:

First, considertheproposalsmadebyworkers ifanencompassingunion

forms.

Ifaworkeriis selectedasproposer, heo¤erstheotherworkerhis con-

tinuation payo¤. A ny such bid is accepted. T hus, b1 = ¢ (12 )¡¹u2 and

b2 = ¢ (12 )¡ ¹u1. T he payo¤ forworker1 ifhe is the proposeris then
¹(1+ µ)¡¹u1¡¹u2

2 + ¹u1 andthepayo¤ forworker2 ifhe is theproposeris then
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¹(1+ µ)¡¹u1¡¹u2
2 + ¹u2 . N owconsiderthe continuation payo¤ afteran encom-

passingunion has formed, butbefore the proposeris selected. T he con-

tinuation payo¤ forworker1 is v1 = ¹(1+ µ)¡¹u1¡¹u2
4 + ¹u1 and forworker 2

v2 = ¹(1+ µ)¡¹u1¡¹u2
4 + ¹u2 .

N owconsidertheunionformationgame. Clearly, astrategypro…le¾ 2
SPEwhereanencompassingunionformscanonlybeaCP N Eifv1 ¸w 1(1)

andv2 ¸w 2 (2 ). T his implies

1 +
(1¡¹u2 )
(1 + µ)

+
¹u1¡µ
(1 + µ)

¸¹ (10)

and

1 +
(µ¡¹u1)
(1 + µ)

+
(¹u2 ¡1)
(1 + µ)

¸¹: (11)

T hesesconditionsarebothsatis…edif¹ ·1¡ 1
(1+ µ)j(µ¡¹u1)+ (¹u2 ¡1)j. Ifan

encompassingunionhasformednoworkerwantstodeviate, sincev1 ¸w 1(1)

andv2 ¸w 2 (2 ).

A lso, iftheinequalityis strictandif¾ donotleadtotheformationof

anencompassingunion, bothworkershasanICI upon¾. T hereasonisthe

following. Expressions 10 and 11 implythatthefollowingdeviation is an

ICI upon¾. Bothworkersannouncef12 g andchooseb1 = ¢ (12 )¡¹u2 and

b2 = ¢ (12 )¡¹u1. T hesebidsareaccepted. T henexpressions10 and11 imply

thatbothworkersgainstrictly.

A lso, giventhataunionhasformed, supposebargainingoverthewagedif-

ferentialinsteadisconstructedasinastandardRubinsteinbargaininggame

(within…nitelymanybargainingrounds). T henworkersalternateproposing

andpayo¤s arediscounted. Ifworkers gettheutilityofleisureas longas
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noagreementhasbeenreached, asimilarresultappearswhenthediscount

factorisclosetoone.

N owsupposeµ changes. T hee¤ectonthepossiblevaluesof¹ thatallows

forthe formation ofan encompassingunion is ambiguous, dependingon

whether(µ¡¹u1)+ (¹u2 ¡1) ispositiveornegative. Ifµ + ¹u2 > 1 + ¹u1 thenet
surplusaccruingtoworker1 islargerthanforworker2 . T hen

@
³
1¡ 1

(1+ µ)j(µ¡¹u1)+ (¹u2 ¡1)j
´

@µ
=
¹u2 ¡¹u1¡2
(1 + µ)2

< 0:

Ifµ + ¹u2 < 1 + ¹u1 then

@
³
1¡ 1

(1+ µ)j(µ¡¹u1)+ (¹u2 ¡1)j
´

@µ
=
2 + ¹u1¡¹u2
(1 + µ)2

> 0:

N otethat, ifµ + ¹u2 < 1 + ¹u1 and1¡ 1
(1+ µ)j(µ¡¹u1)+ (¹u2 ¡1)j< ¹ < 1,

thenthesumofstandalonewagesissmallerthan¢ (12 ). A lso, itisthelow

productiveworkerthatgainsbyleavingtheunionandstandingbyhimself.

T hemostreasonablecase is clearlywhen µ + ¹u2 > 1 + ¹u1. T his holds

forexamplewhentheutilityfromleisureisproportionaltoproductivity, i.e.

¹u1 = kµ and¹u2 = ksuchthatk< 1. T hen, whenµ increases, thecuto¤ level

for¹ decreases. A nincreaseinthedemandforskilledlabororheterogeneity

leadstothebreakupinunionsformsome…rms. T hehighproductivityworker

gainsbyleavingtheunionandstandingbyhimself.

Ifanencompassingunionformstheexpectedwagesare ¹(1+ µ)¡¹u1¡¹u2
4 + ¹u1

and ¹(1+ µ)¡¹u1¡¹u2
4 + ¹u2 . T hen, if¹u1 = ¹u2 wehaveequaldivision, as in Jun

(19 89 ).

N owassumed i= wi(i) fori= 1;2 . W ehavethefollowingresult.
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Corollary1 Suppose d i = wi(i) for i = 1;2 . If¹ < 1 then any ¾ 2
SPE\ C PN E hasaunionstructureconsistingofanencompassingunion.

Proof. Ifaworkeri is selected as proposer, he o¤ers theotherworker

his continuationpayo¤. T hus, b1 = µ¡¹u1
2 + ¹u1 and b2 = 1¡¹u2

2 + ¹u2 . N ow

considerthecontinuationpayo¤ afteranencompassingunionhas formed,

butbeforetheproposeris selected. T hecontinuationpayo¤ forworker1 is

v1 = 1
2 w 1(1)+

1
2

¡µ¡¹u1
2 + ¹u1

¢
andforworker2 itisv2 = 1

2 w 2 (2 )+
1
2

¡1¡¹u2
2 + ¹u2

¢
.

Foranencompassinguniontoformthefollowingmusthold

v1 ¸w 1(1)

and

v2 ¸w 2 (2 ):

Clearly, bothconditionsholdif¹ ·1. If¹ < 1, byasimilarargumentasin

3, any¾ 2SPE\C PN E hasaunionstructureconsistingofanencompass-

ingunion.

T hus, inthissetup, changesinheterogeneitydoesnota¤ecttheformation

ofanencompassingunion.

4.1 R epeatedgame

T hesecondsetup intheprevious sectionseemstobethemostreasonable.

Furthermore, ifweconsiderthe…rstsetup andassumethattheunionfor-

mationgameisplayedrepeatedly, anencompassingunioncanbeformed.

L et± denotethecommondiscountfactorfortheworkers. N otethata

workercanguaranteehimselfthestandalonewageinthegamedescribed
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above. A lso, notethat, if¹ < 1 then w 1(1) + w 2 (2 ) < ¢ (12 ). T hus, the

sum ofstand alonewages is smallerthan the sum ofthewages whenan

encompassingunionforms. T hen, usingafolktheorem(O sborneandR ubin-

stein(19 9 5)), apro…lewhereanencompassingunionformsinallperiodsand

wherethediscountedpayo¤ foreachworkeriisstrictlylargerthan 1
1¡±wi(i)

isasubgameperfectequilibrium, forasu¢cientlylarge±. Toseethis, con-

siderany® 1 > w 1(1) and® 2 > w 2 (2 ) suchthat® 1 + ® 2 = ¢ (12 ). Consider

astrategypro…leconstructedasfollows. Bothworkersstartbyannouncing

f12 g andproposingb1 = ® 1 and b2 = ® 2 wheneachworkeris selectedas

proposer. T hesebids areaccepted. A s longas there is nodeviationfrom

thispro…le, theworkerscontinueusingannouncingf12 g, proposingb1 = ® 1

andb2 = ® 2 andacceptingtheseproposals. Ifthereisadeviationbyworker

2 thenworker1 punishesworker2 byannouncingf1g inT timeperiodsand

thusforcingworker2 tohisminmaxpayo¤. A ftertheT periodsofpunish-

ments, worker1 and 2 announcesf12 g, proposingb01 > ® 1 andb02 < ® 2 and

accepttheseproposals. A similarargumentisusedwhenworker1 deviates.

T heorem 151.1 inO sborneandR ubinstein(19 9 5) impliesthatthisstrategy

pro…leisaSPEfor± closetoone. A lso, ifanencompassingunionform in

allperiods, thediscountedpayo¤ sumto 1
1¡±¢ (12 ) forbothworkers.

T hus, forany ¹ < 1, there is aSPE suchthatanencompassingunion

forms inalltimeperiods. A lso, notethatthispro…leis alsoaCP N E. T his

follows sinceastrategypro…lebeingaSPE implies thatnosingleworker

has an ICI upon thestrategypro…le. Sincethediscountedpayo¤ sum to
1
1¡±¢ (12 ) forbothworkerswhich is thehighestpossiblesum ofdiscounted

payo¤s, bothworkerscannotgainstrictlybyadeviation. A lso, considerany

33



SPE suchthatan encompassingunionnotform inallperiods. T henthe

discounted payo¤ sum forbothworkers is strictlysmallerthan 1
1¡±¢ (12 ).

T hen, for± closetoonethis pro…lecannotbeaCP N E. T his followssince,

bythefolktheorem, thereisaSPEstrategypro…lewhereanencompassing

unionform inalltimeperiodsandgivesastrictlyhigherdiscountedpayo¤

forbothworkers.

4.2 L egislativeA dvantagesforU nions

W hathappensifunionbargainingpowerisstrongerthanwhenworkersbar-

gainingseparately?Suchasituationcouldoccurbecauseunionshavecertain

legislativeadvantages. T hiscouldbemodeledindi¤erentways. Forexam-

ple, supposetheunionhasabetteroutsideoptionwhenbargainingwiththe

…rm, comparedtowhenworkersstandalone. L et¹v denotetheoutsideoption

fortheunion, where¹v > ¹u1 + ¹u2 . T henthetotalsurplusfortheunionis

¹(1 + µ)+ ¹v
2

:

A ssumingthatd i= wi(i) fori= 1;2 . T hen, byusingthesameargument

as inCorollary1, anencompassingunionforms if1 + ¹v¡(¹u1+ ¹u2 )
(1+ µ) ¸¹. T hus

aunionforms foralargersetofvalues of¹ if¹v increases. T his is inline

withthe…ndingsofFreemanandPelletier(19 9 0), whostudiedthee¤ectsof

changes inindustrialrelationslegislationonuniondensityintheU K. T hey

foundthatlegislativeamendmentshaveanimportante¤ectonuniondensity.
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5 Conclusions

W ehavestudiedtheconditions underwhich similarworkers jointogether

in an encompassingunion. Ifworkers areofthe sametype, thentheset

ofproduction functions leadingtoaCP N E with an encompassingunion

contains thesetofproductionfunctionswhich satisfydecreasingmarginal

productivity.

Inabargainbetweena…rmandtwoworkers, H ornandW olinsky(19 8 8)

showedthat, iftwoworkersaresubstitutes, theyformaunion, whereasifthe

workersarecomplements, theybargainseparately. Inourmodelweobtained

thesameresultas H ornandW olinskywithtwoworkers, andwereableto

showthattheresultdoes notnecessarilyextendtothecaseofmorethan

twoworkers. T heintuitionbehindthisresultisthat, ifcomplementarityis

high, theworkershavestrongbargainingpowerwhenbargainingseparately.

T hus, theworkersgethighwages. T he…rm thenincurslosses ifithiresall

threeworkersandthusitchoosestohirelessthanthreeworkers. T hisleads

tolowpayo¤s forallworkers. B yformingaunion, theworkerscanreduce

theirbargainingpowerandinducethe…rm tohireallworkers. T hismakes

itpossibletocapturethegainfromtheincreasingreturns inproduction.

E¤ects ofchanges in demand between skilled and unskilled laborand

inheterogeneitywerealsoanalyzed. Ifworkers areunemployed iftheydo

notagreeuponthewagedi¤erentialwithintheunion, then ifdemandfor

skilled laborincreases, a smallerrangeofproduction functions gives rise

toanencompassingunion(theproductionfunctionneedstohave”enough”

decreasingmarginalproductivity). H owever, ifthegameinthiscaseisplayed

repeatedly, anincreaseindemandforskilledlabordoesnot(necessarily)lead
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tothebreakupofunions. Ifworkersgetthestandalonewageiftheydonot

agreeuponthewagedi¤erentialwithintheunion, changes inheterogeneity

ordemandforskilledlabordonota¤ecttheformationofanencompassing

union. T hisiscontrarytotheresultinthepaperbyJun(19 89 ). T hereason

isthatanincreaseinheterogeneityraisesnotonlythestandalonewagefor

themostproductiveworkerbutalsothesurplustobeshared.

W ealsoexaminedtheconsequencesoflegislativeamendmentsthata¤ect

thebargainingpowerofunions. G reaterunionbargainingpowerincreases

thelikelihoodthatanencompassingunionforms.
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