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A bstract

T his paperstudies competitive equilibria in economies where agents
trade in markets forstandardized, non-exclusive …nancialcontracts, un-
derconditions ofasymmetricinformation (bothofthemoralhazardand
theadverseselectiontype). T heproblemsfortheexistenceofcompetitive
equilibriainthisframeworkareidenti…ed, andshowntobeessentiallythe
sameunderdi¤erentformsofasymmetricinformation. W ethenshowthat
a’minimal’formofnon-linearityofprices(abid-askspread, requiringonly
thepossibilitytoseparatebuyers andsellers), andtheconditionthatthe
aggregatereturnontheindividualpositions ineachcontractcanbeper-
fectlyhedged intheexistingmarkets, ensuretheexistenceofcompetitive
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equilibriabothinthecaseofadverseselectionandmoralhazard.
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1. Introduction

T hispaperstudiescompetitiveequilibriaineconomicenvironmentscharacterized
bythepresenceofasymmetricinformation;bothsituationsofmoralhazardand
adverseselectionareallowedfor.

A gents areassumedtotradein spotmarkets andmarkets for…nancialcon-
tracts. T hesecontracts are(i) standardizedand(ii) non-exclusive, inthesense
thatthetermsofeachcontract(itspriceanditspayo¤ )are, respectively, common
acrossmanyrelationships involvingdi¤erentagents, andindependentofthelevel
oftransactionsmadebyanagentinothermarkets. U ndertheseconditions the
partnersofacontractualrelationshiphaveaverylimitedpoweroverthetermsof
thecontract. A lso, atanequilibrium eachagentwilltypicallytradeindi¤erent
markets, andenterdi¤erentcontracts atthesametime. W earguethatinsuch
a situation ageneralequilibrium approach is usefultoanalyzethe interaction
amongtrades indi¤erentmarkets;alsothatwemayanalyzecontracts, aswellas
commodities, astradedincompetitivemarkets. O uranalysisbuildsontheearlier
workby D ubey, G eanakoplos and Shubik(19 9 5), whoexplicitlyaddressedthis
issueinamodelwhereasymmetricinformationisgeneratedbythepossibilityof
default.

H encewedepartfromtheanalysisofexclusivecontractualrelationships, where
anagentcanonlychooseoneoutofamenuofcontracts, orequivalentlytheterms
ofacontractdependonthepositionoftheagentinallmarkets. T heimplementa-
tionofthesecontractsimposesaverystronginformationalrequirementasallthe
transactions ofanagentneedtobeobserved. T henon-exclusivityofcontracts
matchesthentheobservationthat, forinstance, agentsoftenholdvarious insur-
ancepolicies, andgetloans bothfrom banks andfrom creditcardcompanies1.
A lso, theterms ofcontracts veryrarelydependontheagents’transactions in
othermarkets2. M oreover, well-de…nedmarketsoperatewherestandardizedcon-

1PetersenandR ajan(19 9 4) providesomeevidenceonthecompositionofcreditsourcesfor
smallbusinesses intheU .S.

2SeeSmithandW arner(19 7 9 ) forananalysisofthetermsofdebtcontracts intheU .S..
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tracts aretraded: markets forcreditandinsurancecontracts, ormortgages, are
importantexamples, aswellasmarketsforany…nancialsecuritywhichallowsfor
adefaultclause. T herecentdi¤usionofthesecuritizationofpayo¤sofcontracts
has alsoenhancedtheuseofstandardizedcontracts (seeKendallandFishman
(19 9 6)).

T hemainobjectiveofthispaperistoanalyzetheconditionsforthe’viability’
ofcompetitivemarketsforcontracts inthepresenceofasymmetricinformation.
Inthiscontext, thepayo¤ ofacontracttypicallydependsonthecharacteristicsof
theagenttradingthecontract(as, forinstance, ininsurancecontractsagainstan
individualsourceofrisk). H encewhenthesame(typeof, standardized)contractis
enteredbydi¤erentagents, this ise¤ectivelyadi¤erentcontract. H owever, when
theagents’characteristics areonlyprivatelyobserved thesedi¤erentcontracts
cannotbeseparatedandaretradedtogetherinasinglemarket.A saconsequence
aproblem mayariseinensuringfeasibilityinsuchmarkets sincetheremaynot
be’enoughprices’toclearthesemarkets.

Ifthequantitiestradedbyanagentinallexistingmarketsareafullyrevealing
signaloftheagent’stype, ofhisprivatecharacteristics, exclusivecontracts, where
thetermsofacontractdependonthetradesoftheagentinthevariousmarkets,
allowtosolve this problem - by separatingagents ofdi¤erenttypes - and to
clearmarkets. T hiswasshownbyPrescottandTownsend(19 84a)tobepossible,
undergeneralconditions, whenasymmetricinformation is ofthemoralhazard
type, thoughnotinthecaseofadverseselection. Inadverseselectioneconomies
in factthequantities tradedmaynotfullyrevealtheprivatecharacteristics of
theagents tradingthecontract, i.e. agents cannotbeseparated, sothatwhat
are e¤ectively di¤erentcontracts have tobe traded in a singlemarketatthe
sameprice. Furthermore, aswealreadyargued, thepossibilityofimplementing
exclusivecontracts is averydemandingrequirement. W henexclusivecontracts
arenotavailable, thefeasibilityproblemweidenti…edabovearisesalsoformoral
hazardeconomies.

Inthispaperweshowthattwoprices(abidandanaskprice)foreachcontract
areenoughtoguaranteetheexistenceofacompetitiveequilibrium ineconomies
wheretradetakes placeunderasymmetricinformation. T heresultrequires the
additionalcondition thattheaggregatereturn onthe individualpositions in a
given contractcan beperfectlyhedgedon theexistingmarkets (assetmarkets
are’su¢ciently’complete), oris alsomarketedas adistinctclaim (i.e. allindi-
vidualpositions in thecontractarepooledtogetherand securitized ina’pool’
security, whosepayo¤ is theaveragetotalnetamountduetoagentswhotraded
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thecontract3). T heimportanceoftheroleof’pool’securitiesforeconomieswith
asymmetric information was …rststressed by D ubey, G eanakoplos and Shubik
(19 9 5).

W hen’pool’securitiesareeitherdirectlyorindirectlytraded, thesimpleabil-
itytodi¤erentiatepricesforbuyingandsellingpositionsissu¢cientfortheexis-
tenceofcompetitiveequilibria. W eareabletoshowinparticularthatnon-trivial
equilibriaalways exist, andtoderive someproperties oftheequilibrium prices
ofcontracts. W e should stress thatourresults hold both undermoralhazard
andadverse selection, andnomatterwhatis the’dimension’ofthesources of
asymmetricinformation intheeconomy(i.e. ofthecardinalityofthesetofun-
observablepossibletypesoractionsoftheagentstradingthecontract).4

T his form ofnon-linearityofprices (i.e. ofdependenceoftheunitpriceofa
contractonthequantitytradedofthatcontract) is‘minimal’inthesensethatit
onlyarisesatonepointand, moreimportantly, canbeimplementedbyobserving
onlythelevel(infactthesign) oftrades ineachparticulartransaction, without
evenknowingtheothertransactions oftheagentinthesamecontract. B utit
is also’minimal’ in the sensethatwewillshowthatwithoutit, i.e. ifprices
ofcontractsarelinearoverthewholedomain, competitiveequilibriamayfailto
existineconomieswithasymmetricinformation: arobustexampleofaneconomy
with adverse selection is presented where atallprices the totalnetpayo¤ to
agents tradingindividualcontracts is positive. Evidently, ourresults alsoimply
theexistenceofcompetitiveequilibriaforthecaseinwhichstrongerformsofnon-
linearityofpricescanbeimplemented(i.e. whenalltradesinthesamemarket, or
evenpossiblyinothermarkets, canbemonitored), aslongasthepriceisallowed
tobenon-linearatthelevelofzerotrades.

T heidenti…cationofthe’problems’fortheexistenceofcompetitiveequilibria
withlinearprices ineconomieswithasymmetricinformation is oneofthemain
contributionsofthispaper. N otonlytheseproblemsareshowntobecommonboth
tomoralhazardandadverseselectioneconomies, butinourframeworkadverse
selectioncanbeseen, atanabstractlevel, as areducedform ofmoralhazard.
A s aconsequenceofsuchproblems, whileinthecaseofsymmetricinformation
competitive equilibriaalways existunderstandardassumptions, when there is

3Seealsothe…nalsectionforfurtherdiscussionsonthis.
4T heonlyrestrictionwe(infacthaveto) imposeonthespeci…cationofcontracts’payo¤s

is that, even in the presence ofasymmetric information, there are nounbounded arbitrage
opportunities, foratleastsomeprices. A lternatively, aboundonthesetofadmissibletradesin
contractscanbeimposed, withouttheneedinsuchcaseofanyrestrictiononthespeci…cation
ofthecontracts’payo¤.
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asymmetricinformationsomerestrictionontrades isneeded. T hemainpurpose
ofsuchrestrictionsistoprovideamechanismaccordingtowhichgainsandlosses
agents makeon thebasis oftheirprivate information areredistributed in the
economy.

Theanalysis is developed in theframeworkofatwo-period, pureexchange
economy. A largeeconomyisconsidered, within…nitelymanyagents, of…nitely
manytypes. T here is bothaggregateand idiosyncraticuncertainty. A ggregate
shocks are commonly observed. O n the otherhand agents may have private
informationovertherealizationoftheiridiosyncraticshocks. A gents cantrade
contracts whose payo¤ depends on the realization ofthe aggregate as wellas
theidiosyncraticshocksa¤ectingthem. Thesearestandardizedcontracts, inthe
sensethattheirspeci…cation(theirpayo¤ structure) iscommonacrossagents: all
contractsofthesametypeareexanteidenticalandsellatthesameprice, though
thepayo¤ ofaunitofthemdependsontherealizationofaspeci…cidiosyncratic
shock.

T he structure ofthe paperis as follows. Section 2 describes the class of
economiesweconsiderandthecaseofsymmetricinformationisexaminedinSec-
tion3. A symmetricinformationisintroducedtheninSection4andtheproblems
fortheexistenceofcompetitive equilibriaare identi…ed. Section 5 provides a
robustexampleofnon-existenceofcompetitiveequilibrium forasimpleadverse
selectioneconomy. InSection6theexistenceofcompetitiveequilibriais estab-
lished. Section 7 concludes.

R elated L iterature. O uranalysis was signi…cantly inspired by theworkof
D ubey, G eanakoplos and Shubik (19 9 5) (also G eanakoplos, Z ame and D ubey
(19 9 6)). T heseauthorsstudythecompetitiveequilibriaofeconomieswherestan-
dardizedsecuritiesaretradedandagentshavethechoicetodefaultontheircon-
tractualobligations;thusasituationofasymmetricinformationoriginatesandis
capturedbythepossibilityofdefault. T hefactthatbothintheirandourset-up
agents havesomecontroloverthepayo¤ ofthesecurities theytradegenerates
importantsimilaritiesintheanalysis. M oreover, wealsouseD ubey, G eanakoplos
andShubik(19 9 5)’sconstructionof’pool’securitiestoaggregatethepayo¤ ofse-
curitiestradedbyagentsunderasymmetricinformation.5 Inthemodelconsidered
byD ubeyetal. thepossibilityofdefaultistheonlysourceofanagent’sability
toa¤ectthepayo¤ ofthecontractshetrades;sinceagentsmayonlydefaulton

5T hisconstructionisalsousedbyM inelliandPolemarchakis(19 9 6)inananalysisofA kerlof’s
modeloftheusedcarmarket.
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theirshortpositions, aone-sideconstraintnaturallyoriginatesinsuchframework.
Consistentlywithourexistenceresultthen, nofeasibilityproblem arises inthis
modelandexistencecanbeprovedunderstandardconditions.

Extendingthiswork, B isin, G eanakoplos, G ottardi, M inelliandPolemarchakis
(19 9 8) showthatcompetitiveequilibriaforseveraltypesofasymmetricinforma-
tioneconomies(includingforinstanceinsuranceeconomieswithadverseselection
and/ormoralhazard, A kerlof’s’lemons’economies, economieswithdefault, mon-
itoring, tournaments, andothers) shareacommonstructureandcanbeanalyzed
withintheset-upofacommonabstractmodel.

T hepioneeringworkofPrescottandTownsend(19 84a,b) constitutes anim-
portantreferenceforanyanalysis ofeconomieswithasymmetricinformation in
theframeworkofgeneralequilibrium, competitivemodels. T heseauthors con-
sideraneconomywherecompetitivemarketsforallstate-contingentcommodities
areopenatthebeginningoftimeandagents’consumptionplansaresubjectto
theadditionalrestrictionthattheyhavetobeincentivecompatible. Prescottand
Townsendshowthat, foreconomieswithmoralhazard, competitiveequilibriaal-
ways exist, andareconstrainede¢cient, whiletheextensionoftheirapproach
toeconomies withadverseselection is problematic.6 Itis easytoseethatthe
contractualrelationshipswhichgeneratetheequilibriaconsideredintheiranaly-
sissatisfyaverystrongexclusivitycondition(indirectlyinducedbythefactthat
contingentconsumptionplansarerestrictedbyanoverallincentivecompatibility
constraint).7

H elpmanandL a¤ont(19 7 5)(seealso(L a¤ont(19 7 6))presentanexampleofan
economywithmoralhazardwhere, withlinearprices, nocompetitiveequilibrium
exists. A swearguemoreindetailinanotherpaper(B isinandG ottardi (19 9 7 )),
thelackofexistenceinthatexamplecanbeimputedtothesamekindsofproblems
astheonesdiscussedhere.

Competitive equilibria foradverse selection economies in ageneralequilib-
rium frameworkarealsostudiedby G ale(19 9 2), (19 9 6). T houghthestructure
ofmarkets, andinparticulartheroleofpricesandthespeci…cationofthemar-
ketclearingconditions areratherdi¤erentfrom theones consideredhere, itis
importanttonoticethatG alelooks ateconomies whereagents canbeex-ante
partitioned intobuyers andsellers (whichagain introduceswhatis e¤ectivelya

6Seehowever, H ammond(19 89 ), B ennardoandChiappori (19 9 8).
7 See L isboa(19 9 6), B ennardo(19 9 7 ), Citannaand V illanacci (19 9 7 ) forexistenceresults

underanexplicitexclusivityconditionwhen, inaddition, re-tradinginfuturespotmarkets is
allowed.
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formofone-sideconstraint).
T he importance and the consequences ofasymmetric information in large

economiesareexaminedbyG ulandPostlewaite(19 9 2), PostlewaiteandM cL ean
(19 9 6). T heystudyaclass ofeconomies withadverseselection forwhichthey
showthat, as theeconomybecomes large, theconsequences ofthepresenceof
asymmetricinformationtendtodisappear(thesetofconstrainede¢cientalloca-
tions tends tocoincidewiththesetoffullyParetoe¢cientallocations). T his is
notthecaseinourset-up: eventhoughtheeconomyis large, agents stillretain
someprivateinformationoverthepayo¤ ofthesecuritiestheytrade.

T hee¢ciencyofcompetitiveequilibriaforeconomieswithmoralhazardand
exclusive contracts, afterthe decentralization resultobtained by Prescottand
Townsend, has beenrecentlyexaminedby L isboa(19 9 6), B ennardo(19 9 7 ), Ci-
tannaandV illanacci (19 9 7 ), M agillandQ uinzii (19 9 7 ). O ntheotherhand, the
consequencesfore¢ciencyofabandoningexclusivityhavebeendiscussed(again
onlyforthemoralhazardcase, andforsimpleeconomieswithasinglemarket
andex-anteidenticalagents)byH ellwig(19 83), A rnottandStiglitz(19 9 3), B isin
and G uaitoli (19 9 6), Kahnand M ookerjee (19 9 7 ). T hee¢ciencyproperties of
competitiveequilibriainourframeworkwillbeanalyzedinanotherpaper.

FinallytheliteratureonG eneralEquilibriummodelswithIncompleteM arkets
shouldalsobementioned.8 T hishasdevelopedageneralframeworkwhichextends
themethodologyoftheA rrow-D ebreumodeltotheanalysisofcompetitiveequi-
libriaunderuncertainty(withsymmetricinformation), whenagentsarenotable
tofullyinsureagainstallsourcesofrisk. Insuchframeworkthesetofmarketsin
whichagents areallowedtotrade(inparticularofcontingentmarkets) is taken
as exogenouslygiven. W e showin this paperthatthepresenceofasymmetric
informationgeneratessomerestrictionsonthesetoftheagents’insuranceoppor-
tunitiesarisingendogenouslyfromtheagents’incentivecompatibilityconstraints
andtheconditionsfortheviabilityofmarkets.9

2.TheStructureoftheEconomy

W e consideratwo-period pure exchange economy. There are L commodities,
labelledby l2 L = f1;:::;Lg; availableforconsumptionbothatdate 0 andat
date1;commodity1 isthedesignatednumeraireineveryspot. T heagentsinthe

8 SeeG eanakoplos(19 9 0), andM agillandShafer(19 9 1) forsurveysofthisliterature.
9 See D u¢e and R ahi (19 9 5) fora survey ofotherapproaches to endogenizing market

incompleteness.
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economyareof…nitelymanytypes, indexedbyh 2 H = f1;:::;H g;andthereare
countablymanyagentsofeachtype. A nagentisthenidenti…edbyapair(h ;n);
wheren 2 N (N is thesetofnaturalnumbers);¸ h denotes thefractionofthe
totalpopulationmadeofagentsoftypeh:

U ncertainty. U ncertaintyis describedbythecollectionofrandom variables
~¾; (~sh ;n)h2H ;n2N ;withsupport, respectively§ and(Sh)h2H (thesameforalln).
B oth§ andSh areassumedtobe…nitesets, § = f1;:::;§ gandSh = f1;:::;Shg;
withgenericelement¾ andsh:

T herandom variable~¾ describestheeconomy’saggregateuncertainty, which
a¤ectsallagents intheeconomy, while~sn ´(~sh ;n)h2H is anidiosyncraticshock,
whichonlya¤ectsthe(H )agentsofindexn. W eassumethatthevariables(~sn)n2N
are, conditionallyon¾ , identicallyandindependentlydistributedacross n:L et¼
denotethecommonprobabilitydistributionof(~¾;~sh ;n); and¼(s=¾)´¼((~s1;n =
s1;::;~sH ;n = sH )=¾). W ehaveso:

A ssumption1

²¼(~sh ;n = sh) = ¼(~sh ;n0= sh )8n;n02 N ;sh 2Sh:

²¼(~sh ;n = sh ;~sh0;n0 = sh0j¾) = ¼(~sh ;n = sh j¾)¼(~sh0;n0 = sh0j¾) 8n 6= n02
N ;h ;h 02 H ;sh ;sh02Sh:

O n theotherhandweallow ~sh ;n tobecorrelated, conditionallyon ¾; with
~sh0;n , forh 06= h :W ealsoallowforthepossiblecorrelationof~sn with ~¾.10

A metaphormaybeusefultoclarifythestructureoftheuncertainty: wemay
thinkofn as indexingdi¤erent’villages’(therearethenin…nitelymany, ex-ante
identicalvillages), whileh indexesdi¤erentprofessionaltypes insideeachvillage.
T heidiosyncraticshocksa¤ectingtheH di¤erentprofessionaltypesineachvillage
maybecorrelatedamongthem, butareindependentacrossvillages, conditionally
ontheaggregateshock.

R emark1. B oththecorrelationpropertiesofthevarioussourcesofriskandthe
generalstructureoftheuncertaintywillplayanimportantrolewhenasymmet-
ricinformationis introducedastheyallowustohavecompetitivemarketswith

10Inthefollowinganalysisthedecompositionoftheidiosyncraticshock~sn intothevariables
~sh;n;h2H;willbeusedtodescribeinturnthecomponentsoftheidiosyncraticshockwhichis
onlya¤ectingagent(h;n);orasignalsuchagentreceivesovertherealizationofhisidiosyncratic
uncertainty.
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varioustypesofinformationalasymmetriessimplyincorrespondenceofdi¤erent
kindsofprivateinformationovertheagents’idiosyncraticshocks.
T hepossiblecorrelationamongtheidiosyncraticshocksa¤ectingtheagentsinthe
samevillageandtheircorrelationwiththeaggregateshocksensurethatanon-
trivialspeci…cationofthecontracts is possibleforallthetypes ofasymmetric
informationconsidered. Inparticular, itwillallowustohavecontractsexploiting
suchcorrelationstoextractsomeoftheagents’privateinformationasforinstance
insituationswithrelativeperformanceevaluation11. M oreover, thepresenceof
aggregateuncertainty, besidesallowingforgreatergenerality, alsoimpliesthatthe
returnontheaggregateofindividualpositions inagivencontractis acomplex
bundleofcommodities, contingentontherealizationoftheaggregateuncertainty,
sothatthepossibilityofhedging, directlyorindirectly, this’pool’isanon-trivial
issueandrequirestheavailabilityofappropriatesecurities.
O ntheotherhand, theconsiderationofalargeeconomy, withidiosyncraticrisk,
implies thatwithprivateinformationoverthis riskagentswillbe’small’as far
as the leveloftheirtrades is concerned (sothattheirprice-takingbehavioris
justi…ed), butretainsomemonopolisticpowerwithregardtotheirinformation,
i.e. somespeci…candexclusiveinformation. T husagentsarenot’informationally
small’, eventhoughtheeconomyislarge(unlikeinthemodelsconsideredbyG ul
andPostlewaite(19 9 0), M cL eanandPostlewaite(19 96)).

Endowments. W ewillconsider, withnolossofgenerality, thecaseinwhich
uncertaintyenters theeconomyviatheleveloftheagents’date 1 endowment.
Eachagent(h ;n) 2 H £N hasanendowmentw h

0 atdate 0 , andhisdate1 en-
dowment, w h

1(~¾;~sn); dependsupontherealizationof~¾ and~sn. L etS´¦ h2H Sh

ands´(sh )h2H :W eassume:

A ssumption2
w h
0 2<L

+ + ;w h
1 ´(w h

1(¾;s);¾ 2 § ;s2S)2<L(§S)
+ + .

Preferences. A consumption plan foran arbitrary agent(h ;n) speci…es the
levelofconsumptionoftheL commodities atdate 0 and 1 ineverystate. T he
consumptionsetisthenon-negativeorthantoftheEuclideanspace. A gentsare
assumedtohaveVonN eumann- M orgensternpreferencesoverconsumptionplans.
T heutilityindexofagent(h ;n) isgivenbyafunctionuh :<2 L+ ! R satisfying:

11SeeR emark??foramoreextendeddiscussiononthis.
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A ssumption3
uh iscontinuous, strictlyincreasingandstrictlyconcave.

Information Structure. T hestructureanddistributionoftheuncertainty is
knownbyallagents attheinitialdate 0:T hroughouttheanalysiswewillalso
maintain theassumptionthattheaggregateshock ~¾ is realizedatdate 1; and
itsrealizationiscommonlyobservedbyallagents. O ntheotherhand, di¤erent
cases willbeconsideredwithrespecttothe informationagents haveovertheir
idiosyncraticshocks.

Inourframeworkasymmetricinformationeconomiesarecharacterizedbythe
factthateithertherealizationoftheidiosyncraticshockcomponent~sh ;n orits
distributionareprivateinformationofagent(h ;n):Inparticular, wewillexamine
thecaseofadverseselectioneconomies, wheretheagentshaveprivateinformation
atthebeginningofdate0 , beforemarketsopen, overtherealizationoftheiridio-
syncraticshock, andofhiddeninformation economies, whereitistherealization
oftheshockatdate 1 tobeprivate information. W e intendtoarguethatthe
latterhaveessentiallythesamepropertiesaseconomieswiththemorestandard
form ofmoralhazard, hidden action.12 M oreover, havingreduced thevarious
typesofinformationalasymmetries tovarious typesofinformationoverrealiza-
tionsoftheuncertaintyprovidesaclearbenchmarkofwhattheconsequencesof
private information are in terms oftheextenttowhich insurancemarkets are
missing. T heresultswepresentherehoweverdonotdependonthis particular
speci…cationandextendtootherset-ups (seealsoB isin, G eanakoplos, G ottardi,
M inelli, Polemarchakis(19 9 8) foramoreexplicitdiscussiononthis).

3.SymmetricInformationEconomy

W ewillconsider…rstthecaseofsymmetricinformation. T hisprovidesanatural
andusefulbenchmarkfortherestoftheanalysis. In presentingthis casewe
willintroduce the structureofmarkets and thenatureofthemarketclearing
conditions inourframework, whichwewillmaintainthroughouttheanalysis.

Inthissectionwesupposethat
12T he main distinguishingfeature both ofeconomies with hidden information and moral

hazard, as wewillsee in the nextsections (alsoB isin and G ottardi (19 9 7 )), is thatagents
aresymmetrically informedatthetimemarkets open, buthavethepossibilitytoa¤ect(the
distributionof) thepayo¤ ofthecontractstheyenter.
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² allidiosyncraticshocks (~sh ;n)h2H ;n2N arerealizedatdate1 andarecom-
monlyobserved.

T he same is always true, as we said, forthe aggregate shocks ~¾. A gents’
informationisthenperfectlysymmetric.

M arketStructure. Spotmarkets fortheL commodities openbothatdate 0
andineverypossiblestateatdate1:

A tdate0 asetofmarketsforcontingentcontracts(orsecurities)13 alsoopen.
M oreprecisely, foreverypair(~sn ;~¾) thereareJ securities: eachsecurityj2 J
pays rj(s;¾) units ofnumeraire ifand only iftherealization of(~sn;~¾) equals
(s;¾);andthere is oneofthese securities forevery n. T hesearestandardized
securities inthesensethatex-anteallsecurities ofagiventypejareidentical,
i.e. theirpayo¤ hasthesamedistributionforalln;ex-posthowever, theirpayo¤
willbedi¤erent, as itwillvarywiththespeci…crealizationof(~sn)n2N across n.
T his is naturalin insurancemarkets, whereinsurancepoliciesarestandardized,
butpaymentsdependon individualrealizationofshocks;similarconsiderations
holdforstandardcreditcontracts, mortgages,...

A ltogethertherearethencountablymanyofthesesecurities intheeconomy,
butwewillconsiderthecase inwhich each agent(h ;n) canonlytradetheJ
securitieswithpayo¤ contingentontheidiosyncraticshock ~sn a¤ectinghim (or
his ’village’), andon ~¾:W ewillshowthatinthepresentframeworkthis is not
restrictiveprovidedallagents canalsotradeJ ‘pool’securities: thesesecurities
summarizeinfactallagentscoulddobytradingintheexistingsecuritiesofindex
n di¤erentfromtheirown.

Thepayo¤ of‘pool’securityjis de…ned soas toequaltheoppositeofthe
average netamount(ofthe numeraire commodity) due to - orowed by - all
agentswhotradedsecuritiesoftypej. H enceeach‘pool’securitycanbeviewed
as aclaim againstthe(net) positionofallagents in ‘individual’securities ofa
giventype. B ytheL awofL argeN umbersthepayo¤ of‘pool’securityjwillonly
dependon¾ andbegivenby:

rpj(¾) = ¡
P

h ¸
h P

s¼(s=¾)rj(s;¾)µ
h
jP

h ¸
h µhj

; ¾ 2 §

whereµhjdenotestheamountofsecurityjheldbyagentsoftypeh (independentof
n aswewillshow). T hisexpressionclearlysimpli…estorpj(¾) = ¡

P
s¼(s=¾)rj(s;¾)

13Inwhatfollowswewilluseinterchangeablythetermscontractandsecurity.
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(andwecantakethisastheobviousspeci…cationofrpj(¾)alsowhen
P

h ¸
h µhj= 0 ).

A llthishasaverynaturalinterpretation: thepayo¤ ofeach‘pool’securityisob-
tained from thepayo¤ oftheunderlyingsecurity simply byaveragingoutthe
idiosyncraticcomponentofits return (this is in factdiversi…edawaywhenwe
considerthetotal- average- returnonpositions inin…nitelymanyex-anteiden-
ticalsecurities).

PricingStructure. M arketsareperfectlycompetitive, i.e. agentsactasprice-
takers inallmarkets. M oreover, allsecurities thatareex-ante identical(which
onlydi¤erin the index n) sellatthesameprice. Securities o¤eringthesame
typeofinsuranceagainsttheidiosyncraticshocksindi¤erent’villages’areinfact
equivalenttotheeyesoftheoutsideinvestors, andhence, weargue, shouldsell
atthesameprice. O nthisbasiswecanclaim thatthereisauni…ed, large, com-
petitivemarketwhereallthe(standardized) securitiesofagiventypearetraded
together. T heleveloftradeofeachagentswillthenbenegligiblewithrespect
totheaggregateleveloftradeinthemarket, thus justifyingtheassumptionof
price-takingbehavioronthesemarketstoo.14

W ealsoconsiderthecasewherepricesinboth…nancialandspotmarketsare
alinearfunctionoftheleveloftheirtrades, andarealsoindependentfromagents’
observablecharacteristics (e.g. oftheirtype h). T heunitpriceofsecurityjis
thendenotedbyqj (bytheaboveperfectcompetitionassumption, independent
ofn);q´(qj)j2J:T he(normalized) vectorofspotprices oftheL commodities
atdate 0 andatdate1 whentheaggregateshockis ¾ , aredenotedrespectively
byp0 andp1(¾).

W ith regard to’pool’ securities, we impose the condition thateach ’pool’
securityjsellsattheoppositepriceoftheunderlying‘individual’security;¡qjis
thenthepriceof’pool’securityj. T hiscanbeviewedasanoarbitragecondition
wheneveragents arefreetotradeonsecuritieswithpayo¤ contingentonother
agents’(other’villages’) idiosyncraticshocksor, aswewillarguelater, asazero
pro…tconditionifintermediariesareexplicitlymodelled.

Inthepresentframeworkallagentsofagiventypeh facethesamechoiceprob-
lem, andthisproblem isconvex. A lltheseagentsmakethenthesamechoice, so
thatthiswillbeindependentofn;andwillbedescribedbyaportfoliorespectively
of‘individual’and‘pool’securities, µh = (::;µhj;::) 2 R J, µhp = (::;µhp;j;::) 2 R J,

14Sinceeach ’village’is populated bya…nitenumberofagents, pricetakingwouldnotbe
justi…edinfactinaneconomywithsecurities’prices indexedbythenameofthe’village’.
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andaconsumptionplanch = (ch0 ;ch1 = ch1(s;¾);s 2S;¾ 2 § )) 2<L(1+S§ )
+ :T he

consumption plan speci…es the levelofconsumption atdate 0 and atdate 1,
foreverypossiblerealizationoftheaggregateuncertaintyandtheidiosyncratic
uncertaintya¤ectingtheagent.

A competitiveequilibrium withsymmetricinformation isthenacollectionof
prices< p0 ;(p1(¾)¾2§ );(qj)j2J > , consumptionandportfolioplansforeveryagen-
t’stype< (ch ;(µh ;µhp ))h2H > ;andaspeci…cationofthepayo¤ of‘pool’securities
[rpj(¾)]¾;jsuchthat:

²agentsoptimize: forallh 2 H theplan(ch ;(µh ;µhp)) solvestheproblem

(ch0 ;c
h
1;µ

h ;µhp)2 argmax
X

s;¾

¼(¾)¼(s=¾)uh(ch0 ;c
h
1(s;¾)) (Ph

SI )

s.t.
p0 ¢(ch0 ¡w h

0 )+ q¢(µh ¡µhp)·0

p1(¾)¢(ch1(s;¾)¡w h
1(s;¾)) ·

X

j

rj(s;¾)µhj+ rpj(¾)µ
h
j;p; 8(s;¾)2S£§

(ch0 ;c
h
1) 2 <L(1+ S§ )

+ ;(µh ;µhp)2<2 J

²marketsclear: X

h

¸ h(ch0 ¡w h
0 )·0 (3.1)

X

h

¸h
X

s

¼(s=¾)(ch1(s;¾)¡w h
1(s;¾))·0 ;¾ 2 § (3.2)

X

h

¸h (µhj¡µhp;j) = 0 ; j2J (3.3)

²thepayo¤ rpj(¾)ofeach‘pool’securitysatis…es:

rpj(¾) = ¡
X

s

¼(s=¾)rj(s;¾); j2J;¾ 2 § (3.4)
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U nderassumption1, wehavebeenabletoexploittheL awofL argeN umbers
towritethefeasibilityconditionfordate1 in(??) intermsofconditionalexpec-
tations. T hemarketclearingconditionforsecurities (??) is then statedas the
equalityofthetotalpositionin’individual’securitiesofagiventypeandthetotal
positionintheassociated’pool’security. Itis easytoshow, byusingagainthe
L awofL argeN umbersandtheabovespeci…cationofthepayo¤ of’pool’securities
thatthisensuresthattheaggregatepayo¤ oftheportfoliosheldbyagentsequals
0 , forallpossiblerealizationsoftheuncertaintyatdate1, i.e. ensuresfeasibility.
T his formulationoftheequilibrium condition forsecurities implies thattrades
amongagentsofdi¤erentindexn (acrossdi¤erent’villages’) takeplacebothby
compensatinglongandshortpositions inthesametypeofsecurityindi¤erent
’villages’(i.e. byaggregatingtogethertheirpositions inthis security) aswellas
bycompensatingtheirnettotalpositionwithpositions intheassociated’pool’
securities.

Itisimmediatetoseethatthesetofsecurities’pricesprecludingarbitrageop-
portunities is anon-empty, openset. M oreover, boththeagents’choiceproblem
Ph
SI andtheequilibrium problem are…nite-dimensionalandwell-behavedprob-

lems. T hefollowingresultthenfollowsbyanapplicationofstandardarguments:

Theorem 1. U nderassumptions1-3, acompetitiveequilibriumwithsymmetric
informationexists, suchthatthepriceofeverysecurityj2J is’fair’, conditionally
on¾ :

qj=
X

¾2§
½¾

X

s2S
¼(s=¾)rj(s;¾) = ¡

X

¾2§
½¾r

p
j(¾)

forsome½´(::;½¾ ;::)À 0:

L etR denotetheS§ £J payo¤ matrix, withgenericelementrj(s;¾); and
Sp[R ]thelinearspacegeneratedbythecolumnsofR . W ealsohave:

Corollary1. If, inaddition, Sp[R ]= <S§ ; competitiveequilibriawithsymmet-
ric informationand fairprices are Paretooptimaland such thatconsumption
allocationsonlydependontheaggregateshock¾ (i.e. allidiosyncraticshocksare
fullyinsured).

W henSp[R ]= <S§ wecansaythereforethatmarketsarecompleteandthat
theabovemarketstructureallowstodecentralizeParetooptimalallocationsvia
securitieswithexogenouslygivenpayo¤. O urresultcomplements theresults of
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M agillandShafer(19 9 2), Cass, Chichilniski andW u(19 9 6) where, buildingon
theoriginalanalysisofM alinvaud(19 7 2), Paretooptimaaredecentralizedviaa
setofmutualinsurancecontracts. Italsocon…rms thefactthattherestriction
weimposedonagents’behavior, bypreventingthemfromtradinginsecuritiesof
di¤erentindexn , isnotbinding.

R emark2. T houghthesetofavailablesecuritiesistakenasgivenand…nancial
intermediariesarenotexplicitlymodelled, competitiveintermediaries, whodesign
andmarketthesesecurities, couldbe introducedwithnosubstantialchangein
the structureofthemodelorthe de…nition ofan equilibrium. In particular,
theeconomieswestudyareequivalenttoeconomiesinwhichintermediariestake
positionsinindividualsecurities, compensatethemacross’villages’, andissue, on
thatbasis, ‘pool’securities. Intermediariesmaximizepro…tsandactonthebasisof
competitiveconjectures. T heconditionweimposedonthepriceof’pool’securities
togetherwiththespeci…cationofthemarketclearingconditionforsecuritiesimply
thenthatazero-pro…tconditionholds, atequilibrium, forallintermediaries.

T hisequivalencebetweenthespeci…cationofthemodelwithanexogenously
given setof…nancialmarkets andtheonewithcompetitive, pro…t-maximizing
intermediaries extends toallthe followinganalysis ofasymmetric information
economies.

4. A symmetricInformationEconomies

Inthissectionasymmetricinformationisintroduced: di¤erentinformationstruc-
tures, leadingtodi¤erenttypes ofeconomies withasymmetricinformationare
presented. W eshowthatintheseeconomies theexistenceofcompetitiveequi-
libriacannotbeprovedunderthesame setofassumptions as with symmetric
information(i.e. assumptions 1-3 arenolongerenoughtoensurethatcompeti-
tiveequilibriaexist). T henatureoftheexistenceproblems is identi…ed, and is
showntobecommontoeconomieswithvariouskindsofinformationalasymme-
tries. T hiswillprovidethebasis forthedeterminationofadditionalconditions
underwhichgeneralexistenceresultswillbeprovedinsection??.

4.1. A dverseSelectionEconomy

Considerthecaseinwhich:

15



²theidiosyncraticshocks(~sh ;n)h2H ;n2N arerealizedatthebeginningofdate0 ,
buttherealizationof~sh ;n isprivatelyobservedbyagent(h ;n)andbecomes
commonlyknownonlyatdate1:

L etthestructureofmarketsbethesameas intheprevious section. A tdate
0 ; markets forthe L commodities and securities open. Forevery n there are
J securities with payo¤ contingenton ((~sn);~¾); in addition, thereareJ ’pool’
securities. A tdate1; aftertherealizationof((~sn)n2N ;~¾) becomesknowntoall
agents, securitiesliquidatetheirpayo¤ andthecommoditiesareagaintradedon
spotmarkets. A llmarkets areperfectlycompetitive, andweexamine…rstthe
caseinwhichallpricesarerestrictedtobelinear.

W iththeabove information structuretheeconomywillbecharacterizedby
thepresenceofadverse selection: atdate 0 agents tradecontingentsecurities
havingdi¤erentinformation overtheirpayo¤. In particulareach agent(h ;n);
beforechoosingtheleveloftradein‘individual’securities, knowstherealization
of~sh ;n; i.e. hassomeinformationoverthepayo¤ ofthesesecurities.

Sincetheeconomyis largeandall’individual’securities ofagiventypeare
tradedtogetherinasinglemarket, theprivateinformationofanagentoveran
idiosyncraticsourceofuncertaintywillhaveanegligibleimpactonthetotallevel
oftradesinthemarket. A saconsequence, inthepresentframeworkdate0 prices
canonlyrevealthe informationcontained in aggregatetrades, andthis canat
mostbethecomponentoftheaggregateuncertaintywhichiscorrelatedwiththe
agents’signals. T husnoidiosyncraticuncertaintycanberevealedatequilibrium,
i.e. theequilibriumwillneverbefullyrevealing(di¤erentlyfrom R adner(19 7 9 )).
Fortheclarityoftheexposition, butclearlywithnoloss ofgenerality, wewill
assumeherethatthecomponentoftheagregateuncertaintywhichisrevealedby
aggregatetrades isnull, i.e.

²theidiosyncraticshocks (andsignals) (~sh ;n)h2H ;n2N areindependentof~¾ :
¼(s=¾) = ¼(s) 8s;¾:

T husnoinformationisrevealedatacompetitiveequilibrium.
A formaldescriptionoftheagents’problem andade…nitionofcompetitive

equilibrium fortheadverseselectioneconomyisnowpresented.
L etqjbethepriceofsecuritiesoftypej(again, bytheassumptionofperfect

competition, thesameforalln), and¡qjbethepriceoftheassociated ‘pool’
security;q ´ ((qj)j2J); p0 and p1(¾) arecommodityspotprices. M oreover, we
willstillconsiderthecase inwhich agent(h ;n) is restrictedtotradeonlythe
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J securities contingentonhisownidiosyncraticshock~sn aswellastheJ ‘pool’
securities.15

G iven theassumed information structuretheagentwillchoosethelevelof
tradesatdate0 ; insecuritiesandconsumptiongoods, afterlearningtherealization
sh of~sh ;n:H isportfolioandconsumptionplansarethencontingentonsh:A tthe
sametimehisdate1 consumptionplanwillspecifynowthelevelofconsumption
foreverypossiblerealizationoftheremaininguncertainty, i.e. foreverypossible
values¡h ´((sh0)h06= h) oftheshocksa¤ectingtheotheragents, andforevery¾:
SeeFigure1:

W ewillseebelowthatallagentsofthesametypefacethesameoptimization
problem, thatthefeasiblesetis convex, andtheirobjectivefunction is strictly
concave;theiroptimalchoicethereforewillbe, as inthecaseofsymmetricinfor-
mation, identicalforalln (andtheindexn canthenbeomittedhere).

L etS¡h ´ ¦ h06= hSh and ¼(s¡h=sh)´ ¼((~sh0;n = sh0)h06= h =sh):T heconsump-
tion and portfolioplans ofagents oftype h arethen described bythevectors
(µh (sh );µhp(sh )) = (::;µhj(sh );::;::;µ

h
p;j(sh );::) 2 R J£R J; andch (sh ) = (ch0 (sh);

ch1(sh ) = ch1(s¡h ;¾;sh);s¡h 2 S¡h ;¾ 2 § )) 2 <L(1+ S¡h § )
+ ; sh 2 Sh ; andareob-

tainedassolutionsofthefollowingprogram:

(ch (sh);µh(sh );µhp(s
h))2 argmax

X

s¡h ;¾

¼(¾)¼(s¡h=sh)uh(ch (:;sh )) (Ph
AS)

s.t.
p 0 ¢(ch0 (sh)¡w h

0 )+ q¢(µh(sh )¡µhp(s
h))·0

p1(¾)¢(ch1(s¡h ;¾;sh)¡w h
1(s;¾)) ·

X

j

µhj(s
h )rj(s;¾)+

X

j

µhp;j(s
h)rpj (¾);

8(s;¾) 2 S£§

(ch(sh ))2<L(1+ §S¡h )
+ ;(µh(sh );µhp (s

h))2<2 J

T heunitpayo¤ of‘pool’securityj2J isagainde…nedbytheoppositeofthe
averagetotalnetamount(ofthenumerairecommodity)dueto- orowedby- all

15W eshouldnotehoweverthatinthepresenceafasymmetricinformationthisrestrictiondoes
notbindonlyifitisassumedthatagentsareunableto’control’fortheidentity(inparticular
the’village’)ofthepartnerofeachoftheirtransactions, i.e. ofwhomtheyarebuyingorselling
thecontractfrom. Inthatcase’pool’securitiessummarizeagainallthatagentscoulddoifthey
wereabletotradeall’individual’securities, includingtheonesoftheother’villages’.
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agentswhotradedsecuritiesoftypej; foralln;this iswhentheaverageiswell
de…ned, andittakesanarbitraryvalueotherwise:

rpj (¾) =

(
¡

P
h ¸

h P
s¼(s)rj(s;¾)µ

h
j(s

h )
P

h ¸
h P

sh ¼(s
h )µhj(sh )

; if
P

h ¸
h P

sh ¼(s
h )µhj(sh)6= 0

arbitrary; if
P

h ¸
h P

sh ¼(s
h)µhj(sh) = 0

)
; ¾ 2 §

(4.1)
L etR p bethe§ £Jmatrixwithgenericelementrpj(¾).

A competitiveequilibriumwithadverseselection isde…nedbyaspeci…cation
ofthe‘pool’securities’payo¤ R p;acollectionofprices(p0 ;(p1(¾))¾2§ );q), andof
contingentconsumptionandportfolioplansforeveryagents’type(ch (sh);µh(sh );µhp(sh);
sh 2Sh )h2H suchthat:

²forallh ; theplan(ch(sh );µh (sh);µhp (sh );sh 2Sh) solves(Ph
AS) attheprices

(p0 ;(p1(¾))¾2§ );q) and‘pool’securities’payo¤ R p;

²commoditymarketsclear:
X

h

¸h
X

sh

¼(sh)(ch0 (s
h )¡w h

0 )·0 (4.2)

X

h

¸ h
X

s

¼(s)
¡
(ch1(s

¡h ;¾;sh)¡w h
1(s;¾))

¢
·0 ; 8¾ 2 § (4.3)

²securitymarketsclear: forallj2J:
X

h

¸ h
X

sh

¼(sh )
¡
µhj(s

h )¡µhp;j(s
h )
¢
= 0 (4.4)

²thepayo¤ rpj(¾)ofeach‘pool’securityjsatis…es (??), forall¾.

4.1.1.W hyExistenceis aProblemwithA dverseSelection

T hepresenceofadverseselection, speci…callythefactthateachagent(h ;n)trades
securities (ofindexn) byhavingsomeprivateinformationoveritspayo¤ , poses
twomainproblems fortheanalysis ofthis economywithrespecttothecaseof
symmetricinformationconsideredinsection??.
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1. Feasibility. M arketclearingfortheaggregatepositionson‘individual’and
theassociated‘pool’securities(asincondition(??)) isnolongerenoughto
ensurefeasibilityoftrades insecurities.
T heproblem isthatnowsecurityholdings, unlikeinthecaseofsymmetric
information, are notthe same forallagents ofthe same type h as the
portfoliochoiceofeachagent(h ;n)dependsontheobservedrealizationsh
ofthesignal~sh ;n:Sincethepayo¤ ofthesecurities purchasedalsodepends
onsh ; theindividualportfoliochoiceis thencorrelatedwiththereturnon
theportfolio. A saconsequence, theaggregatereturnonthepositionsheld
byagentsinagivencontractisnolongeralinearfunctionofthetotallevel
oftrades inthatcontract. Inparticular, condition(??), whichisthedirect
analogueofthemarketclearingcondition(??)consideredforthesymmetric
informationcase, doesnotensurethattheaggregatepayo¤ onsecuritiesis0
(andthisisobviouslyrequiredforagents’tradesinsecuritiestobefeasible):

X

h

¸ h
X

s

¼(s)(rj(s;¾)µhj(s
h )+ rpj(¾)µ

h
p;j(s

h )) = 0 (4.5)

Toseethis, suppose(??) holdsand, furthermore, wehaveP
h ¸

h P
sh ¼(s

h )µhj(sh ) =
P

h ¸
h P

sh ¼(s
h)µhp;j(sh) = 0 (i.e. transactions in

‘individual’and‘pool’securitiesclearseparately).
T hen, while

P
h ¸

h P
sh ¼(s

h)µhp;j(sh) = 0 implies
P

h ¸
h P

s¼(s)r
p
j(¾)µ

h
p;j(sh ) = 0 ,

theequality
P

h ¸
h P

sh ¼(s
h)µhj(sh) = 0 doesnotimplyP

h ¸
h P

s¼(s)rj(s;¾)µ
h
j(sh) = 0 ;sincetheterm

P
h ¸

h P
sh ¼(s

h)µhj(sh )can-
notbefactoredoutofthissumwhenµhj(sh)dependsnontriviallyonsh , i.e.
whenadverseselectionmatters.16
T henatureoftheproblemcanbeclearlyseenbyconsideringthefollowing
extremecase. Supposesignals impliesthatthereturnonbuyingacertain
’individual’contractwillbehigh, whiles0onthecontraryimpliesthatthe
returnwillbelow. T henitmayhappenthatagentswhoreceivedsignals
willbuythis contract, whileagentswhoreceiveds0willsell. Inthis case,
even iftheaggregatepositiononthis typeofcontractis 0 , stillinperiod
1 theagentswhoboughtthecontractcannotbepaidoutoftheproceeds

16Eventhoughtheexpressionde…ningthepayo¤ ofthe‘pool’security is notde…nedwhenP
h¸

hP
sh¼(s

h)µhj(sh)=0 , andhencethepayo¤ ofthe’pool’canbesetatanarbitraryvalue
inthiscase, thestatementinthetextistruenomatterwhatisthepayo¤ ofthe‘pool’inthis
case.
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fromagentswhosoldit, sothatfeasibilityisnotsatis…ed.
A tamoregenerallevelwecanviewthefeasibilityproblemasarisingfrom
thefactthateachofthevarious contracts ofthesametype is nowadif-
ferentobjectnotonlyex-post(astherealizationofthepayo¤ dependson
thevillage) butalsoex-ante, astheleveloftradesbyanagentdependson
thespeci…crealizationofsignalreceivedoveritspayo¤. O ntheotherhand,
with linearprices, onlyoneprice exists toclearthemarketforallthese
contracts.

2. A rbitrage. A gentshaveadditionalarbitrageopportunities.
W ithsymmetricinformationthesetofsecurities’pricesprecludingarbitrage
isalwaysnon-emptyandopen. O ntheotherhand, whenagentshaveprivate
informationoverthesupportofthepayo¤ ofsecurities (as inthesituation
weareconsidering)thissetmaywellbeempty.
M oreprecisely, theset:

K (sh)´fq2 R J :9½ 2<S¡h §
+ + ;q =

X

s¡h ;¾

½s¡h ;¾r(s
h ;s¡h ;¾)g

denotesthesetofpricesoftheJ individualsecurities precludingarbitrage
opportunities toagentsoftype h whentheyobservedstatesh:T herefore,
fornoagenttohaveanyarbitrageopportunityweneed:

\
h2H ;sh2Sh

K (sh )6= ; (N A )

T hegreaterthe setofsecurities with payo¤ contingenton (~sh ;n)h2H ;n2N ;
i.e. the largerthe insuranceo¤ered againstthe states overwhich some
agents haveprivateinformation, theless likelyisthatcondition(N A ) will
besatis…ed. InparticularitwillalwaysbeemptyifR hasfullrank, sothat
un-restrictedtradeinacompletesetofmarketsisnotfeasibleinthepresent
situation.
A gainthenatureoftheproblem canbeclearlyseenbyconsideringanex-
tremecase. A gentsreceivedi¤erentsignalsoverthefuturerealizationofthe
idiosyncraticuncertainty, soitmayhappenthatagent(h ;n) knows that
someshockrealizations isnotpossible, whilesomeotheragent(h 0;n)gives
itpositiveprobability. Supposethereisasecuritypayingoneunitinstate
s and 0 inallotherstates. N o-arbitrageforagent(h 0;n) requiresthatthis
securitysellsatapositiveprice, whileno-arbitrageforagent(h ;n)requires
thatthesecurity’s price is 0:H encetheno-arbitragesetis empty in this
case.
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4.2. H iddenInformationEconomy

Considernextthecaseinwhich:

²the idiosyncraticshocks (~sh ;n)h2H ;n2N arerealized atdate 1 andmaybe
correlatedwith ~¾ (as inthesymmetricinformationcase);

²therealizationof~sh ;n isprivatelyobservedbyagent(h ;n) - beforethereal-
izationof~¾ iscommonlyobserved- andneverbecomesknowntotheother
agents, forallh ;n:

U ndertheseconditions contractswithpayo¤ directlycontingenton ~sh ;n can
nolongerbewritten, as ~sh ;n isprivateinformationandneverpubliclyobservable.
T hus agentswillonlybeabletogetsomeinsuranceagainsttheiridiosyncratic
shocksaslongasthis iscompatiblewiththeirincentives. W ewillmodelthisby
consideringsecuritieswhosepayo¤ iscontingentonwhattheagentssayaboutthe
state, onthemessagestheysendafterlearningtherealizationoftheiridiosyncratic
shock.

M oreprecisely, letM h bethespaceofmessages which an agentoftype h
cansend. W ewillassumethatM h is …nite;letM h alsobe its cardinalityand
denotebym h itsgenericelement(wecanhave, forinstance, M h = Sh ; i.e. each
agentsimply announces oneofthe possible states he has privately observed).
Forevery n there are soJ securities whosepayo¤ depends on the realization
of~¾ , commonlyobserved, andonthemessages sentbyagents ofindex n over
the realization of(~sh ;n)h2H :O ne unitofsecurity j; j = 1;::;J pays rj(m ;¾)
units ofthenumerairecommodityatdate1 whenstate¾ is realized, and m ´
(m 1;:::;m H )2 M = ¦ h2H M h isthecollectionofmessages sentbytheH agents
ofindexn:Inaddition, thereareagainJ ’pool’securities, associatedwitheach
typeof’individual’security, andthe§£JmatrixR p , withgenericelementrpj(¾);
describestheirpayo¤s.

Exceptforthis di¤erence in thespeci…cationofcontracts, thestructureof
marketsisunchanged. Spotmarketsforthecommoditiesandsecurities’markets
openatdate 0 ; beforeanyrealizationoftheuncertainty. A tthebeginningof
date1 agentssendtheirmessage;therealizationof~¾ , aswellasthemessagesare
thencommonlyobserved, thepayo¤ ofcontracts is determinedandliquidated.
Spotmarketssubsequentlyopenwherethecommoditiesaretraded. M arketsare
competitive. A s in the case ofadverse selection weconsider…rstthe case in
whichpricesarerestrictedtobelinear;inparticular, qjisagaintheunitpriceof
securitiesoftypej(and¡qjthepriceoftheassociated‘pool’security).

21



Toensurethatagents areabletoobservetheirownendowmentwewillalso
assumeherethat:

²theendowmentofagent(h ;n) depends upontherealizationof~¾ and ~sh ;n
only.

U nderthepresentcharacterizationofthe individuals’information structure
andofthenatureoftheexistingsecurities, agents canexploittheirprivate in-
formationtoa¤ectthepayo¤ of’individual’securities. T houghagents haveno
privatesourceofinformationwhentheytradesecuritiesatdate 0 ; theydotake
intoaccounttheirfutureabilityto’choose’, toacertainextent, thelevelofthe
returnonthesesecurities. T hemarketsforsuchclaimsare thencharacterizedby
thepresenceofhiddeninformation17 .

R emark3. W ecannowseemorepreciselyhowthenon-trivialityofthechoice
ofthemessagesentbyagents (andhencethefactthatindeedsomeamountof
insuranceagainsttheagents’privatelyobservedstatescanbeachieved)isensured
bythefollowingfeaturesoftheinformationstructure:
(a) thecorrelationof(~sh ;n)h2H across h;
(b) thecorrelationof~sh ;n with ~¾:
Inthepresenceof(a) themessageagent(h ;n)willchoosetosendwillnottypi-
callybea constantmessage(thesameforallsh ) ifthesecurities’payo¤ depends
jointlyonthemessages sentbyallagentswiththesameindexn (i.e. byagents
whoseprivateinformationiscorrelated). T hesameistrueunder(b) ifsecurities’
payo¤sdependonthecommonlyobservedstate¾ aswellasontheagents’mes-
sagesandifthesearesentbyagentsbeforelearningtherealizationof~¾:Boththe
jointdependenceofsecuritypayo¤son ¾ andthemessagem sentbyallagents
withthesameindexn aswellasthefactthatagents’messageshavetobesent
beforetherealizationof~¾ is commonlyobservedareimportantthentoensure
thatwehavenontrivialmessagechoices.
T hefactthatcorrelationmayinducesomedisciplineontheagents’opportunistic

17 T heveryclosesimilaritywiththeclassicalcaseofmoralhazard, whereagents cana¤ect
thedistributionofsecurities’payo¤sviasomeunobservableaction, shouldbenowmoreevident.
T hecrucialdistinctionbetweenadverseselectioneconomiesononeside, andhiddeninformation
as wellas moralhazard economies on the other, lies in the factthatin the …rstcase the
informationalasymmetryarises beforethecontractis signed, while in thelatteragents have
noprivateinformationwhentheirtradesinsecuritiesaredecided, asymmetricinformationonly
arisesatalaterdate(seealsoH artandH olmstrom (19 8 7 )).
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behaviorandsoenhanceincentives iswell-knowninthemoralhazardliterature:
(a) canbeviewedasanabstractrepresentationofasituationofrelativeperfor-
manceevaluation(seee.g. L azearandR osen(19 81)), whileanapplicationofthe
ideabehind(b) canbefoundinTownsend(19 82). A s itwillappearmoreclear
later, inthepresentframework, wherethecontractstradedarestandardizedcon-
tractsandstrongexclusivityconditionsmaynotbe(arenot)enforceable, theonly
incentivecompatiblechoiceisatrivialoneifneither(a)nor(b)hold(equivalently,
theagents’optimalmessagewillbeconstantifsecurities’payo¤ onlydependson
~sh ;n).

L etusdescribenowtheagents’choiceproblem andde…necompetitiveequi-
libriaforeconomieswithhiddeninformation.

Each agent (h ;n) faces here the followingoptimization problem. H e has
to choose (i) his date 0 consumption levelch ;n0 2 <L

+ and portfolioholdings
(µh ;n ;µh ;np )2<2 J;(ii) themessageplan m h ;n ´(m h ;n(sh)sh2SS)2 (M h)Sh ; speci-
fyingthemessagetosendatthebeginningofdate1;foreverypossiblerealization
of~sh ;n; (iii) his date1 consumptionplanch ;n1 = (ch ;n1 (¾;m ¡h ;sh);¾ 2 § ;m ¡h 2
M ¡h ;sh 2Sh )2<L§ M ¡hSh

+ ;specifyingthelevelofconsumptionforeverypossible
realizationsh ofhisidiosyncraticuncertainty, ¾ oftheaggregateshock, andevery
possiblecollectionofmessages m ¡h ´((m h0)h06= h) sentbyagentsofothertypes:

T hetimingofanagent’schoices is illustratedinFigure1.
Formallyagent(h ;n)hasthentosolvethefollowingprogram:18

(ch ;n;µh ;n ;µh ;np ;m h ;n)2 argmax
X

¾;m ;s

¼(¾;m ¡h ;sh)uh(ch ;n0 ;ch ;n1 (¾;m ¡h ;sh))

(Ph
H I )

subjectto:
p 0 ¢(ch ;n0 ¡w h

0 )+ q¢(µh ;n ¡µh ;np )·0

p1(¾)¢(ch ;n1 (¾;m ¡h ;sh)¡w h
1(¾;sh))·

P
jµ

h ;n
j rj(m h ;n(sh);m ¡h ;¾)+

P
jµ

h ;n
p;jr

p
j(¾);

8¾ 2 § ;m ¡h 2 M ¡h ;sh 2Sh

ch ;n 2 <L(1+ § M ¡hSh )
+ ;(µh ;n ;µh ;np )2<2 J;m h ;n 2 (M h )S

h

18 Byrequiringch;n 2<L (1 +§M
¡hSh)

+ weareimplicitlyimposingtheconditionthatthelevel
ofconsumptionofagent(h;n)hastolieintheconsumptionsetforeverypossiblemessageof
agents oftypeh06=h, eventhoughsomeofthesemessages maybegivenzeroprobabilityby
¼(m¡h=s¡h):T hismayappearundulyrestrictive, inparticularwhenmarkets areincomplete,
andismainlymotivatedbyreasonsoftechnicalconvenience.
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where¼(¾;m ¡h ;sh)´P
s¡h ¼(s;¾)¼(m

¡h =s¡h )and¼(m ¡h =s¡h)´¦ h06= h¼(m h0=sh0)
describes theprobabilitydistributionoverthemessages sentbyagents oftypes
h 06= h foreverypossiblerealizationoftheiridiosyncraticuncertainty.

T he agent’s optimization problem Ph
H I is nowanon-convex problem: the

agent’schoicesetisclearlynotconvexsinceM h isadiscreteset. B utevenifthe
agentwereallowedtorandomizeinhischoiceofwhichmessagetosendforevery
realizationsh ;hisproblemwouldstillbenotconvex(asinthatcasetheobjective
function is notconcave). T hefactthatagents canchooseboththeunitpayo¤
(viatheirmessage)andthequantitytradedofeach’individual’securitygenerates
infactaninherentnon-convexityintheirchoiceproblem. W ewillshowthatthe
economycanbe‘convexi…ed’byexploitingthelargenumberofagents.19 T his
requiresthatex-anteidenticalagentsbehavedi¤erentlyatequilibrium, i.e. may
endupchoosing, atequilibrium, di¤erentlevelsoftradesanddi¤erentmessages
(thisexplainswhywecouldnolongeromitheretheindexn inthespeci…cation
oftheagents’problemPh

H I ). A saconsequence, eventhougheachagentchooses
tosendasinglemessageineachstate, thedistributionoverthepossiblemessages
sentbyagentsofeachgiventypeh asafunctionoftheirstate, ¼(m h =sh );willbe
non-degenerate.

Inparticular, wewillshowthatitisenoughtoconsiderthecaseinwhichagents
ofthesametypewillmakeatmostanarbitrarilylargebut…nite20 numberV of
di¤erentchoicesatequilibrium, denotingbych ;º;µh ;º;µh ;ºp ;m h ;º theº-thchoiceof
agentsoftypeh andby°h ;º thefractionofagentsofthistypemakingsuchchoice,
º = 1;::;V:

A competitiveequilibrium withhidden information is de…nedbyaspeci…ca-
tion ofthe payo¤ of‘pool’securities R p; an arrayofprices (p0 ;(p1(¾))¾2§ ;q),
acollection ofconsumption, portfolio, andmessageplans foragents oftype h

19 T he presence ofnon-convexities often characterizes agents’ problems in the presence of
moralhazard. A notherroutetoovercomesuchdi¢cultiesisfollowedbyPrescottandTownsend
(19 84a);intheirset-upthespaceofadmissibleindividualchoicesisenlargedtoallowforlotteries;
theconvexi…cationissointroducedattheleveloftheindividuals’demand. Kehoe, L evineand
Prescott(19 9 8) haverecentlyshown, fortheeconomyconsideredbyPrescottand Townsend,
thatessentiallythesameequilibriaobtainifsunspotuncertaintyisintroducedinstead;asshown
byShellandW right(19 9 3) sunspotsprovidegenerallyanotherwayto’convexify’aneconomy,
againattheleveloftheeconomy. SeeG arratt, Keister, Q inandShell(19 9 7 )foramorecomplete
discussionoftherelationsamongthesevariousroutestodealwithnon-convexities.

20Inthis casetheL awofL arge N umbers canstillbeexploited inthefeasibilityconditions.
W ewillshowthatequilibriasatisfyingsuchconditionalwaysexist. H owever, theremayalsobe
otherequilibriawhichviolateit.
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togetherwith theirrelativefrequency in thepopulationofagents ofthattype
(ch ;º;µh ;º;µh ;ºp ;m h ;º;°h ;º)º2V ;andprobabilitydistributionsoverothertypes’mes-
sages(¼(m ¡h=s¡h)s¡h2S¡h )h2H ; forallh , suchthat:

²forevery h allplans (ch ;º;µh ;º;µh ;ºp ;m h ;º)º2V aresolutions of(Ph
H I ) atthe

prices (p 0 ;(p1(¾))¾2§ ;q); ‘pool’securities’payo¤ R p; anddistributionover
otheragents’messagestrategies(¼(m ¡h=s¡h))s¡h2S¡h ;

²forallh (¼(m ¡h=s¡h))s¡h2S¡h isconsistentwiththefrequencyofthestrate-
gieschosenbythepopulationofindividualagentsofeachtypeh 06= h :

¼(m ¡h =s¡h) = ¦ h06= h

0
@ X

º:m h0;º(sh0)= m h0
°h

0;º

1
A (4.6)

²commoditymarketsclear:

X

h

¸h
ÃX

º

°h ;ºch ;º0 ¡w h
0

!
·0 (4.7 )

X

h

¸ h
X

s

¼(s=¾)

0
@ X

º;m ¡h

°h ;º¼(m ¡h=s¡h )ch ;º1 (¾;m ¡h ;sh)¡w h
1(s

h ;¾)

1
A ·0 ; 8¾

(4.8)

²securitymarketsclear: forallj2J;
X

h

¸h
X

º

°h ;º
³
µh ;ºj ¡µh ;ºp;j

´
= 0 (4.9 )

²thepayo¤ ofeach‘pool’securityj2J isgivenby:

rpj (¾) =

8
>>>><
>>>>:

¡
P

h ¸
h P

s¼(s=¾)(
P

º;m ¡h ¼(m
¡h =s¡h )°h;ºrj(m h;º(sh );m ¡h ;¾)µh;ºj )P

h ¸
h P

º °h;ºµ
h;º
j

;

if
P

h ¸
h P

º°
h ;ºµh ;ºj 6= 0

arbitrary; if
P

h ¸
h P

º°
h ;ºµh ;ºj = 0

9
>>>>=
>>>>;
; ¾ 2 §

(4.10)
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²°h ;º ¸0 ;P º°
h ;º = 121

Sincethepayo¤ ofthe’individual’securities tradedbyagent(h ;n) mayde-
pend, aswellasonhismessage, onthemessagesentbyagentsofdi¤erenttype,
butwiththesameindexn;astrategicelementisintroducedintheagent’schoice
problem. Condition(??) requirestheconsistencyofwhatagent(h ;n) considers
tobetheprobabilitydistributionovermessagesofagentsofothertypeswiththe
actualfrequenciesofthesemessagesinthepopulation. Itensuresthat, asacom-
ponentoftheaboveequilibriumnotion, wehaveaN ashequilibriumintheagents’
messagegame. Thefactthatitis thedistributionovermessagechoices inthe
wholepopulationtobeconsidered, follows from theanonymitypropertyofthis
game(agentsdonotknowthepreciseidentity, andhencethemessagestrategy,
oftheagentsinthepopulationcharacterizedbytheirsameindexn;andcanonly
basetheirbehavioronthestrategyofthepopulationaverage):

T hepayo¤ of‘pool’securities isalsoendogenouslydetermined, as inthecase
ofsymmetricinformationandadverseselectioneconomies, bytheportfoliochoices
ofallagentsinthepopulation. H owever, sincethedirecte¤ectofeachindividual
agentonthe’pool’spayo¤ isnegligible, this istakenasgivenbyeachagent.

4.2.1.W hyExistenceisaProblemwithH iddenInformation

T hemainproblemsposedbythepresenceofhiddeninformationfortheviability
ofmarkets forcontingentcontracts are the sameas the ones we found under
adverseselection:

1. Feasibility. T henon-convexityintheagents’choiceproblem implies, aswe
noticed, thatex-anteidenticalagentsmaychoose, atequilibrium, di¤erent
portfoliosanddi¤erentmessages. A saconsequence, thepayo¤ ofasecurity
willdepend(non-linearly) onwhatistheportfoliochoiceoftheagent. W e
facesoagaintheproblem thatthefactthatthemarketclearingcondition
forsecurities is satis…eddoesnotimplythattheaggregatepayo¤ willalso

21W eallow ° h = (° h;v)v2V tobeanyrealvectorin thesimplex¢V ¡1 even though, with
countablymanyagentsweshouldlimitourattentiontorationalnumbers. Sincerationalnum-
bers aredense in thereals, the equilibrium weobtain is, strictly speaking, an approximate
equilibrium. Toovercomethisfactwecouldhaveconsidered, withoutanychangeinthenature
oftheresults, thecaseofacontinuumofagents, as inA umann(19 66), andmadeappealtothe
resultsbyA l-N ajjar(19 9 5)andYeneng(19 9 8)ontheL awofL argeN umbersinsuchframework.
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be0:
Formally, ifequation(??) holdsand, inaddition

X

h

¸ h
X

º

°h ;ºµh ;ºj = 0 ;

itdoesnotnecessarilyfollowthat

X

h

¸h
X

s

¼(s=¾)

0
@ X

º;m ¡h

¼(m ¡h=s¡h)°h ;ºrj(m h ;º(sh);m ¡h ;¾)µh ;ºj

1
A = 0 ;8¾

(4.11)
hencethetotalpayo¤ maynotbe0 . W eseeinfact, from expression(??),
thatthemessagesentbyanarbitraryagentoftype h ; m h ;v; depends on
thespeci…cleveloftradesofthisagent, (µh ;v;ch ;v); andthattheaggregate
return is anon-linearfunction ofthetotalleveloftrades, sothatagain
aggregateportfoliosandpayo¤scannotbeseparated.22

T heargumentparallelsexactlytheoneoftheprevious sectionforadverse
selection economies. T he intuition is alsoessentially the same: we can
haveagentswho, havingboughtasecurity, sendamessageimplyingahigh
payo¤, whileagentswhosoldthesamesecuritysendamessageinducinga
lowpayo¤, sothatonthewholetotalpayo¤ isnot0 ; andfeasibilityisnot
satis…ed.

2. A rbitrage. T hefactthattheagentscana¤ectthepayo¤ ofthesecurities
viathechoiceoftheirmessage(havethepossibilitytodetermine, tosome
extent, thesupportofsecurities’payo¤s) gives them additionalarbitrage
opportunities.
M oreprecisely, thesetofprices oftheJ ‘individual’securities precluding
arbitrageopportunitiestoagentsoftypeh isgivenby:

K h ´fq2 R J :9½ 2<M ¡h §
+ + ;q =

X

m ¡h ;¾

½m ¡h ;¾r(m
h ;m ¡h ;¾)8m hg

T herefore, fornoagenttohaveanyarbitrageopportunityweneed:

\
h2H

K h 6= ; (N A0)

22O ntheotherhand, ifallagentsofthesametypehmakethesamechoiceofportfoliosand
messages, i.e. ifµh;v;mh;v donotdependon v;itis immediatetoseefrom theexpression in
(??) thattotalreturnswillbealinearfunctionoftrades:
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Itiseasytoseethat, asforadverseselectioneconomies, thereisatrade-o¤
between the aim ofensuringlargerinsuranceopportunities, thus requir-
ingthatsecurities’payo¤ arenon-triviallya¤ectedbytheagents’message
choices, andtheneedofpreventingarbitrageopportunities.

O ntheotherhand, nospeci…c, additionalproblems arecausedbythenon-
convexityoftheagents’choiceproblem. Ineconomieswithhiddeninformation,
non-convexities arethen asourceofdi¢culties forexistenceonly in the sense
thattheyinducethesamecorrelationofportfoliosandreturnswhichwasatthe
rootoftheproblemswehaveidenti…edforadverseselectioneconomies. W ewill
showin thenextsectionthatexistenceforeconomies withhidden information
canbeestablishedunderessentiallythesameconditionsasforadverseselection
economies.

R emark4. A tamoreabstractlevelwecanviewthemainconsequenceofthe
presenceofasymmetric information inmarkets forcontingentcontracts as the
inducedcorrelationofportfolios andreturns, i.e. thefactthatthee¤ectivere-
turnonacontractofagiventypeisnotconstantthroughouttheeconomy, and
thequantitytradedwilltypicallybedi¤erentfordi¤erentlevels ofthereturn.
T hisfeatureis indeedcommonbothtoadverseselectionandhiddeninformation
economies(aswellasmoralhazardeconomies) andisthesourceoftheexistence
problemswediscussed.Inparticular, whilewithadverseselectionthesedi¤erences
inthereturnstoagentstradingacontractderivefromtheexogenouslygivende-
pendenceon s ofthepayo¤ (andthewayagents’portfolios varyas afunction
ofs is endogenouslydetermined), withhiddeninformationboththeprobability
structureofportfoliosandofreturns (viathemessagechoice), i.e. theirdepen-
denceon v; areendogenouslychosen. T his explains thesenseinwhichadverse
selectioneconomiescanbeviewedinourframeworkasareducedformofhidden
informationeconomies.

5. A N on-ExistenceExample

Intheprevious sectionweidenti…edtwoclassesofproblemsfortheexistenceof
competitiveequilibria, concerningtheaggregatefeasibilityoftradesin’individual’
contractsandthepresenceofarbitrageopportunities. W epresentherearobust
exampleofanadverse selection economyforwhichnocompetitiveequilibrium
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exists, andwearguethatthereasonforthenon-existenceisindeedthefeasibility
problemdescribedabove.23

Consideraneconomywithonecommodity(L = 1)andcountablymanyagents
allofthesametype(H = 1):Consumptiononlytakesplaceatdate1:T hereis
noaggregateuncertainty (§ = 1). T he idiosyncraticshocks havetwopossible
realizations, 1;2 ; andeachagentreceivesoneoutoftwoequiprobablesignalsat
date 0 : g orb:L et¼g ´ ¼(1=g) and ¼ b ´ ¼(1=b) betheprobabilityof(idio-
syncratic) state1 conditionalrespectivelyonsignalg andsignalb:24 W eassume
thatw (1) > w (2 ) and¼ g > ¼ b;henceagentswhoreceivesignalg qualifyasthe
‘goodrisks’(i.e. haveahigherprobabilityofthegoodrealizationoftheirfuture
income) andagentswithsignalbasthe‘badrisks’. A gentshaveVonN eumann-
M orgernsternpreferencesoverconsumptionwithutilityfunctionofthefollowing
form: lnc:

A fterlearninghissignalbutbeforeknowingtherealizationofhisidiosyncratic
uncertainty, eachagentcantradetwosecurities, 1;2 . Security 1 pays oneunit
ofthecommoditywhentheagent’s idiosyncraticstateis 1. Similarlysecurity 2
paysoneunitofthecommodityinidiosyncraticstate 2 . L etq and1¡q denote
the(normalized) pricesof, respectively, security1 and 2 :

T hebudgetconstraintofanagentwhoreceivedsignalg isthen:25

µ1(g)q+ µ2 (g)(1¡q) = 0:

Similarlyforagentswhoreceivedsignalb:
T heagents’utilitymaximizationproblemsubjecttotheaboveconstraintcan

beeasilysolvedinthis caseandyields anexplicitexpressionofthedemandfor
consumptioninthetwoidiosyncraticstates(respectivelyforagentsreceivingsig-

23Itis easytoconstructexampleswhereequilibriadonotexistbecauseagents, as aconse-
quenceoftheirprivateinformation, haveunboundedarbitrageopportunities.

24T houghthestructurehereoftheidiosyncraticuncertaintyandoftheagents’signalsmay
appearslightlydi¤erentfrom theonedescribed in theprevious section, thepresenteconomy
couldhavealsobeenwritten, atthecostofsomeextranotationalburden, preciselyintermsof
thatsamestructure.

25Inthepresentset-up, sincethereisnoaggregateuncertainty, thetotalreturnontheagents’
positions inan’individual’security, andhencethepayo¤ oftheassociated’pool’security, will
always bedeterministic. A gentswillthenalways beabletoreplicatethe’pool’’s payo¤ (or
perfectlyhedgeit)bytradingthetwo’individual’securities. ‘Pool’securitiesarethenredundant
hereandneednotbeexplicitlymodelled, aslongaswedonotimposeaseparatemarketclearing
conditionforeachindividualsecurity(seehoweverthe…nalsection).
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nals g andb):
c(1;g) = ¼g

³
qw (1)+ (1¡q)w (2 )

q

´

c(2 ;g) = (1¡¼ g)
³
qw (1)+ (1¡q)w (2 )

1¡q

´

c(1;b) = ¼b
³
qw (1)+ (1¡q)w (2 )

q

´

c(2 ;b) = (1¡¼b)
³
qw (1)+ (1¡q)w (2 )

1¡q

´
(5.1)

T hemarket-clearingconditionforthecommodityis26:

c(1;g)¼ g + c(1;b)¼b + (1¡¼g)c(2 ;g)+ (1¡¼b)c(2 ;b) (5.2)
= w (1)¼g + w (1)¼b + (1¡¼g)w (2 )+ (1¡¼b)w (2 )

A competitiveequilibrium isthengivenbyapriceq andaconsumptionvectorc
suchthat(??);(??)hold.

Forthiseconomythesetofno-arbitrageprices isnon-empty, andisgivenby
allpricesq2 (0 ;1). W ewillshowthat, nonetheless, foranopensetofparameters,
acompetitiveequilibriumdoesnotexist.

T heexcessdemandfunction(equivalentlytheoverallpro…tfunction)weobtain
from (??) iscontinuous, forallq2 (0 ;1):H owever, when w (2 )¼g

w (1)(1¡¼g) >
¼b

(1¡¼b) this
functionhasanegativevaluebothwhen q

1¡q >
¼g

(1¡¼g) andwhen q
1¡q <

w (2 )¼b
w (1)(1¡¼b).

Itiseasytoseeinfact, fromtheexpressionsoftheagents’demand, thatinthe…rst
caseagentswillbebuyinginsurance, nomatterwhatisthesignalreceived, and
willdothisatmorethanfairterms, whiletheoppositehappensinthesecondcase,
sothatpro…tswillbenegativeinbothsituations. Forintermediatevaluesofthe
relativeprice( w (2 )¼b

w (1)(1¡¼b) <
q
1¡q <

¼g
(1¡¼g)) thesignofaggregatedemandcannotbe

unambiguouslydeterminedwithoutfurtherrestrictions ontheparametervalues
oftheeconomy.Inthenextparagraphwepresentanopensetofparametervalues
forwhichaggregateexcessdemandisnegativealsoatallintermediateprices, so
thatnocompetitiveequilibriumexists. N oticethatthisfactisaclearconsequence
ofthefeasibilityproblemwediscussedintheprevioussection.

Considerthenthefollowingspeci…cationoftheparameters oftheeconomy:
w (1) = 0:8;w (2 ) = 0:2 ;¼ b = :2 ; and ¼g = 0:2 + ², ² > 0 . Forthesevalues the
condition w (2 )¼g

w (1)(1¡¼g) >
¼b

(1¡¼b) reducesto² > 0:3:Solvingequations (??) and(??)

26T his is alsoequivalenttotherequirementthatthe sum ofthetotalpayo¤s on thetwo
existingsecuritiesequalzero, i.e. canbeviewedasanoverallzero-pro…tcondition.
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forequilibrium pricesandallocationswe…nd:

c(1;g) = ¡:0 4 ¡550²2¡4 8¡355²+ 12 5²3+ 4 80²½+ 12 8½+ 50 0 ½²3¡70 0 ½²22 + 10 ²+ 2 5²2

c(2 ;g) = :64 ½ + :16¡:8²½¡:2 ²
c(1;b) = ¡:0 4 ¡115²+ 2 5²2¡4 8+ 12 8½¡160 ²½+ 10 0 ½²22 + 10 ²+ 2 5²2

c(2 ;b) = :64 ½ + :16
q
1¡q = ½

where½ takesoneofthetwofollowingvalues:

½ =

³
4 0 + 75²¡12 5²2 §

p
(576+ 2 160 ²¡11575²2 ¡6750 ²3+ 562 5²4 )

´

2 (12 8¡160 ²+ 10 0 ²2 )

Straightforwardcomputations revealthat, whenever² > 0:3; noreal-valuedso-
lutionexists27 forequilibrium pricesandconsumption, i.e. anequilibrium never
existsinthisregion. Itisthenimmediatetoseethatperturbingthevaluesofthe
parametersdoesnotrestoreexistence, soequilibriafailtoexistforanopensetof
parametervalues.

O n the otherhand, when w (2 )¼g
w (1)(1¡¼g) < ¼b

(1¡¼b), aggregate demand is always
positiveattheprice q

1¡q =
¼b

(1¡¼b): agentsreceivingsignalbbuyinsuranceatfair
terms, whileagentswithsignalg alsobuyinsurancebutatlessthanfairterms, so
thattotalpro…ts(andhenceexcessdemand)willbepositive. Bythecontinuityof
theexcessdemandfunctionthereforeitfollowsthatanequilibriumalwaysexists
inthis region. Inparticular, forthesamespeci…cationoftheparametervalues
as above (w (1) = 0:8;w (2 ) = 0:2 ;¼ b = :2 ; and ¼ g = 0:2 + ²) twoadmissible
equilibrium solutionsexist, aswealreadysaw, when² < 0:3. M oreover, itcanbe
easilyseenthatthesetwocompetitiveequilibriaarealwaysParetoranked.

Tobetterunderstand theproperties ofthesetofcompetitive equilibriawe
obtain in this economy, considertheequilibrium solutions when ² = 0 (in this
casethesignalreceivedbytheagentsistotallyuninformative, informationisthen
symmetric):

(i)c(1;g) = c(2 ;g) = c(1;b) = c(2 ;b) = :32 ;
q

1¡q
= :2 5

(ii)c(1;g) = :8;c(2 ;g) = :2 ;c(1;b) = :8;c(2 ;b) = :2 ;
q

1¡q
= :0 62 5

27 T heterm 576+ 21 60 ²¡1 1 575²2¡6750 ²3 + 5625²4 hasinfactanegativevaluewhen²> 0 :3:
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T heequilibrium in (i) is characterizedbythepresenceoffullinsuranceatfair
prices (andis, evidently, Paretoe¢cient), whileequilibrium (ii) hasazerolevel
oftradesforallagents.

Sincetheequilibriumvaluesweobtainedforconsumptionandpricesarecon-
tinuous functions of²; thetwoequilibriawehavewith adverse selectionwhen
anequilibrium exists, i.e. when 0:3> ² > 0 , arisebycontinuityfrom thesetwo
equilibria, the Paretoe¢cientand thenotrade solution ofthe economywith
symmetricinformation(for² = 0 ):

6.ExistenceR esults

T hepreviousexampleshowsthat, withrespecttothecaseinwhichinformation
is symmetric, additionalconditions are needed in economies with asymmetric
informationtoovercometheproblemsdiscussedinsection??andguaranteethe
existenceofcompetitiveequilibria. In particular, somerestrictions havetobe
imposedontheagents’trades, oronthestructureofpayo¤s, orequivalentlysome
formofnon-linearityinpricesmustbeintroducedinmarketscharacterizedbythe
presenceofhiddeninformationoradverseselection. T his, aswellasthefactthat
securities’payo¤s arepartlydetermined bytheagents’actions (thus re‡ecting
theirincentivecompatibilityconstraints), implies thatasymmetric information
generatesanendogenouslimitonthesetofinsurancepossibilitieswhichcanbe
attainedviacompetitivemarkets.

Inthis sectionwefocus ourattentionon’minimal’forms ofnon-linearityof
pricesofcontracts(inthesensethattheyimposeaminimalobservabilityrequire-
ment)whicharesu¢cienttoguaranteeexistenceofcompetitiveequilibriainthe
classofeconomiesstudied;seeR emark5 below.

Toovercomethe’feasibility’problemwewillimposetheconditionthatagents
areconstrainedtotakeonlylongpositionsin‘individual’securities(e.g. thatthey
canonlybuy, notsellshort, insurancecontracts):

µh 2 £ h ½<J
+ ; 8h (C 1)

where £ h denotes the setofadmissible trades in ’individual’ securities. Itis
immediatetoseethatunder(C 1) themarketclearingcondition forsecurities
always ensures feasibility ofthe trades in securities. In the adverse selection
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economy, if(C 1)holds, theequality
X

h

¸h
X

sh

¼(sh )µhj(s
h ) = 0

implies X

h

¸ h
X

s

¼(s)rj(s;¾)µhj(s
h ) = 0

thusensuringfeasibilityalsowhenthetotalpositionin’’individual’securities is
0 (thesameargumentobviouslyholds inthecaseofhiddeninformation).

Topreventthepossibilityofunlimitedarbitrageopportunities arisingfrom
theagents’private informationwewillconsiderherethecasewheretrades in
’individual’securitiescannotbeunboundedlylarge. A lternatively, restrictionson
thepayo¤sofexistingsecuritiescouldhavebeenimposed, ensuringthatcondition
(N A) ((N A0)) is satis…ed, i.e. thatthesetofnoarbitrageprices is non-empty.
T hevalidityofallourresultsextendstosuchcase.28

M oreprecisely, thefollowingconditionwillbeimposed:29

(i) µh 2 £ h ; acompactandconvexsubsetof<J; s.t. 0 2 £ h 8h
(ii)Sp[(

P
s»srj(s;¾))¾;j]= <§ 8(::;»s;::)2 ¢ S¡1 (C 2 )

where (
P

s»srj(s;¾))¾;j is thematrixwith genericelement(
P

s»srj(s;¾)) and
¢ S¡1 isthe(S¡1)¡dimensionalsimplex.

Condition (C 2 (i)) requires thatagents’admissibletrades in all‘individual’
securities areboundedbothaboveandbelow.Evidently, ifthis conditionholds
noagentcaneverhaveunboundedarbitrageopportunitiesarisingfromhisprivate
information. O ntheotherhand, norestrictionis imposedontheagents’trades
in‘pool’securities(forwhichthereisnoprivateinformation). R ecallingthatthe
priceofeach ‘pool’securityequals theoppositeofthepriceoftheunderlying
security, byastandardargumentweobtainthatthenon-emptyopenset

Q (R p) = fq2<J :9½ 2<§+ + ; q = ¡(R p)0½g (6.1)

28 Itshouldalsobeclearfromourpreviousdiscussionthat, iftheagents’privateinformationis
notoverthesupportofthesecurities’payo¤ butonlyovertheirprobabilitydistribution, neither
oftheseconditions isneeded.

29 T heconditionasstatedhereappliestoadverseselectioneconomies. Inthecaseofeconomies
withhiddeninformation, theonlydi¤erenceisthatin(C 2(ii))s shouldbereplacedwithm:
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characterizesthesetofpricesforwhichtherearenoarbitrageopportunities.
Sincethepayo¤ of’pool’securitiesisendogenouslydeterminedatequilibrium

(andtherearenorestrictionsontradesinthesesecurities), theagents’budgetcor-
respondencemayfailtobecontinuous. Condition(C 2 (ii))ensuresthatthisnever
happens.30 Itsaysthatanyconvexcombinationofthepayo¤softhe’individual’
securitiesforthedi¤erentvaluesofs; foranygiven¾;hasfullrank:31 Itimplies,
when(C 1) isalsoimposed, thatwhateverthelevelofagents’tradesin’individual’
securities, wealwayshaveSp[R p] = <§:H encewhen (C 2 (ii)) holds, agents are
abletoattainallpossiblepayo¤scontingenton¾ bytradingin‘pool’securities,
sothatmarketsarealwayscompletewithrespecttotheaggregateuncertaintyin
theeconomy.

W e showin the A ppendix thatunder(C 2 ) theagents’choice problem has
alwaysasolutionandthisiswell-behaved, bothwithadverseselectionandhidden
information.

W ewillreferin whatfollows tothe restrictions imposed by (C 1);(C 2 ) as
O ne-SideConstraints.

A s analternativeto(C 1)wewillalsoconsiderthecaseinwhichagents are
allowedtogoboth longand shortin ‘individual’securities butdi¤erentprices
arequotedforlongandshortpositions (i.e. bid-askspreadsareallowed). M ore
precisely, lettingq(µj) denotethecostoftradingµjunitsofsecurityj;wehave,
forallj2J:

µj¸0 ) q(µj) = qbjµj
µj·0 ) q(µj) = qsjµj

(C 10)

T husqbjandqsjarerespectivelytheunitbuyingandsellingpriceof’individual’
securityj; j2J;and(C 10) saysthatthesepricesmaydi¤er.

W ewillrefertoconditions (C 10);(C 2 )as B id-A skSpreads.
T his situationcanbeanalyzedinourset-upbyassumingthatforeach’indi-

vidual’securitythereisanother’individual’securitywithopposite, butotherwise
identical, payo¤ (sothattakinglongpositions inthis claim correspondstotak-
ingashortposition in the’individual’security). W ehavethendistinct’pool’

30Evidently, the continuity ofthe agents’ budgetsetis also ensured if, in alternative to
(C 2(ii));weimposetheconditionthattradesinall(notjustthe’individual’) securitieshaveto
lieinacompactset.

31Su¢cientconditionforthispropertytoholdisobviouslytheexistenceofasubsetof’indi-
vidual’securitieswithpayo¤ onlycontingenton¾;spanningthewholeaggregateuncertainty.
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securities, aswellasdistinctprices, associatedwiththesesecurities, i.e. withthe
agents’longandshortpositions intheunderlyingclaim. T herefore, themodel
with B id-A skSpreads canbeformallyreducedtoamodelwith O ne-SideCon-
straints (andanexpandedsetofsecurities). B ythesameargumentasaboveit
followsthat(C 10) alsoallowstoovercomethefeasibilityproblem.

R emark5. T heintroductionofanyformoftradingrestriction, ornon-linearity
ofprices, requires someobservabilityofagents’trades in…nancialmarkets. W e
alreadycommentedintheIntroductionontheverystronginformationalrequire-
ments needed to implementexclusivity conditions, orgeneralnon-linearprice
schedules. W e intend toarguehere thatthe implementation ofone-sidecon-
straintsas incondition (C 1), orofbid-askspreads as incondition (C 10), poses
observabilityrequirementswhichare, qualitatively, minimallydemanding. O nly
theleveloftrades intheparticulartransactionbeingmadehas infacttobeob-
servedtoimplementaconstraintonthesignofthetotalleveloftradeinsecurities
byanindividual(asinthecaseofone-sideconstraints), oravariationoftheunit
priceatazeroleveloftotaltrades (as inthecaseofbid-askspreads). O nthe
contrary, forconstraintsorpricechangesatanyleveloftradesdi¤erentfromzero
thewholesetoftransactions inonemarket(andpossiblymore)wouldneed, in
principle, tobeobserved.

O ntheotherhandtheimpositionofboundsontraderequiresessentiallythe
observationof‘large’portfolios, astrongerbutnaturalrequirement.

R emark6. Condition(C 1) impliesthatbuyersandsellersareclearlyseparated
inthemarketsforsecurities. Ineachmarketwehaveononesidethebuyersofa
giventypeof’individual’security, ontheothertheagentsholdingpositionsinthe
associated’pool’security. T herefore, nodirectcompensationofthepositions in
agivensecurityindi¤erentvillagesispossibleunderthiscondition, andtheonly
contingenttradesamongagentsofdi¤erentvillagestakeplaceviatheirtradesin
’pool’securities. W ithbid-askspreadsbuyersandsellersarealsoseparated(as
theyfaceadi¤erentprice), butsomecompensationofpositionsispossibleinthis
case.

M oregenerally, wecanviewthe’feasibility’problem asarisingfrom thefact
thatadirectcompensationofthepositions inagivensecurityisnotsu¢cientto
ensurethefeasibilityoftrades inthatsecurity. H encetheneedtospecifyhow,
forallpossiblelevelsoftrade, thelossesarisingincorrespondenceofthepro…ts
agents makebytradingsecurities onthebasis oftheirprivate informationare
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distributedintheeconomy, andhencefeasibilityensured.32 Conditions(C 1)and
(C 10) implysomepartiallydi¤erentmechanismsfordistributingtheselosses.

W ewillshowthat, withtheadditionalrestrictionsimposedbyO ne-SideCon-
straints (orbyB id-A skSpreads)33, competitiveequilibriaalways exist, bothfor
economieswithadverseselectionandwithhiddeninformation. W econsiderthen
…rstthecaseinwhichconditions (C 1);(C 2 )hold.

B yrestrictingagentstobeallononesideofthemarketfor‘individual’securi-
ties, condition(C 1)generatethepossibilityofa’trivial’solutiontotheexistence
problem. W ecanalways…ndinfactalevelofq su¢cientlyhigh(orlowaccording
tothesignofthesecurity’s payo¤ ) suchthatnoagentwants tobuyany‘indi-
vidual’security, i.e. µh = 0 ; 8h:A tsuchprices notradetakes placeinmarkets
characterizedbythepresenceofasymmetricinformation, andtheeconomyre-
ducessotoastandardeconomywithincompletesecuritymarkets, whereagents
tradeunderconditionsofsymmetricinformationinallmarkets.

T hefollowingtheoremhoweverestablishesastrongerresultthantheexistence
ofcompetitiveequilibria: theexistenceofequilibriawherepricessatisfya’fairness’
property. Inparticular, wewillshowthatacompetitiveequilibriumalwaysexists
wherethepriceofeach‘individual’securityhas thepropertyofbeing(weakly)
morethanfairforsomeagentand(weakly) less thanfairforsomeotheragent.
B yfairforanagentwemeanherethattheidiosyncraticshockcomponentofa
security’s payo¤ is evaluatedfairly, i.e. its valueis setequaltoits expectation,
conditionallyontheprivateinformationoftheagent.

Inthecaseofeconomieswithadverseselectionthefairnesspropertyofprices
isformallystatedasfollows:

qj2cof
X

¾

½¾
X

s¡h

¼(s¡h )rj(¾;sh ;s¡h);sh 2Sh ;h 2 H g (FAS)

wherecof:gdenotestheconvexhullofasetand
P

¾ ½¾
P

s¡h rj(¾;s
h ;s¡h)consti-

tutesapriceofsecurityjwhichisfair, intheabovesense, fortheagentsoftype
h whoobservedsh:Evidently, ifequilibrium prices satisfythisproperty, atleast
someagentwillchooseapositiveleveloftradeineach’individual’security, i.e.
theequilibriumwilltypicallynotbe’trivial’.

32O r, equivalently, soastoensurethevalidityofazero-pro…tconditionforintermediaries.
33O urpreviousanalysisalsoshowsthattheseconditionsaretight, i.e. existenceisnotensured

iftheyarerelaxed.
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Similarlywithhiddeninformation:

qj2cof
X

¾;s

½¾¼(s=¾)
X

m ¡h

¼(m ¡h=s¡h)rj(¾;m h (sh);m ¡h );m h 2 (m h ;À)º2V ;h 2 H g

(FH I )
whereagain

P
¾;s½¾¼(s=¾)

P
m ¡h ¼(m

¡h =s¡h )rj(¾;m h(sh );m ¡h)constitutesafair
priceofsecurityjforagentsoftypeh whofollowmessagestrategym h:Sincemes-
sagestrategiesareendogenouslychosenbyagents, in(FH I )pricesarerequiredto
befaironlywithrespecttothosemessagepro…lesactuallychosenatequilibrium,
i.e. (m h ;À)º2V , typicallyasubsetof(M h )Sh . H owever, ifµh = 0 agenth is indif-
ferentamongallthepossiblemessageshecansend;wewillusethenacondition
inthespiritof’tremblinghandperfection’toimposerestrictionsonthepossible
messagestrategiesatequilibriumofagentswhochooseazeroleveloftrades, and
hencefurtherrestrictequilibrium prices.34

T hevalidityofsuchfairness propertyfollows, aswewillseemoreclearlyin
theA ppendix, fromtheobservationthat, under(C 1);therangeofthemapwhich
determines thepayo¤ of’pool’securities ((??) in thecaseofadverse selection
and(??)withhiddeninformation) lies inthesamesetforeverynonzerolevelof
tradein’individual’securities. T his setisgiveninparticularbytheconvexhull
oftheexpectationsofthepayo¤ of’individual’securities, , overtheidiosyncratic
uncertainty, conditionallyonallpossiblesignals receivedbyagents. Prices are
thendirectlyrelatedtothelevelofthepayo¤ of’pool’securities’.

W ecannowstatethemainresult(theproofis intheA ppendix):

Theorem 2. U nderassumptions 1-3, andconditions (C 1);(C 2 ) (i.e. withO ne-
SideConstraints); acompetitiveequilibrium withfairprices (satisfying, respec-
tively, (FAS);(FH I ))alwaysexists, bothforeconomieswithadverseselectionand
withhiddeninformation.

A s argued above, themodelwith B id-A sk Spreads can always bereduced,
formally, toonewithO ne-SideConstraints, sothatexistenceofcompetitiveequi-
libriawithB id-A skSpreadsobtainsasacorollaryofthepreviousresult:

Corollary2. U nderassumptions1-3, andconditions(C 10);(C 2 ) (i.e. withB id-
A skSpreads);acompetitiveequilibriumwithfairpricesexists, bothforeconomies
withadverseselectionandwithhiddeninformation.

34Seethe A ppendixforaformaltreatmentofthis argument;also G ale (19 9 2) and D ubey,
G eanakoplosandShubik(19 9 5) fordiscussionsofre…nements insimilarenvironments.
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B id-askspreadsareendogenouslydeterminedatequilibriumasthedi¤erence
between thepriceforlongand shortpositions. Itis immediatetoseethatin
thepresentframeworktheequilibrium levelofthebid-askspreadwillalwaysbe
non-negative, andtypicallypositive, wheninformationisasymmetric(whileitis
zeroundersymmetricinformation). T hepresenceofabid-askspreadisthento
beimputedtotheagents’privateinformationoverthepayo¤ ofsecurities, and
theneedtoensurefeasibilityinthiscase- orequivalentlyazero-pro…tcondition
forintermediaries.35

W ithO ne-SideConstraintsthelossesarisingfromthefactagents’tradesun-
derprivate information are distributed tothe buyers of’pool’ securities: the
payo¤ of’pool’securities istypicallylowerthantheexpectedvalueofthepayo¤
oftheassociated’individual’securities36(wheretheexpectationistakenoverthe
idiosyncraticuncertaintycomponent). O ntheotherhand, undersymmetricin-
formationthereturnon’pool’securitieswasalwaysequaltothisexpectedvalue
(see(??)). Inthepresenceofbid-askspreads, thedi¤erencebetweentheprice
facedbybuyersandsellersconstitutesthenanotherway, inadditiontothee¤ects
onthe’pool’spayo¤ , inwhichlossescanbedistributedintheeconomy.

R emark7 . Various examplescanbefoundof…nancialmarketswhosefeatures
resemblethepropertiesoftheeconomywedescribedandtheonesimpliedbycon-
ditions(C 2 )and(C 1), or(C 10). T hesecuritizationofthepayo¤sofstandardized
contracts (as is observed, e.g. forresidentialandcommercialmortgages, loans,
creditcardreceivables, andmanyothers;seeKendallandFishman(19 96))canbe
viewedasaninstanceofthecreationof’pool’securities. Creditmarketsusually
havethenborrowersononesideand, ontheotherside, suppliersoffundsholding
‘pool’securities (depositors, ormoregenerallyholdersofclaims issuedbyinter-
mediaries). Similarly, ininsurancemarketsweobservestandardized(insurance)
contractswhichagentscanonlybuy, and’securitized’claimsissuedbyinsurance
companies. T hemortgagemarketisyetanotherexample. A somewhatdi¤erent
situationcharacterizesthestockmarketandmarketsforderivativesecurities. In
thesecases, agents mayoften takeboth longand shortpositions, andmarket

35 A similarroleofbid-askspreads has beenearliershownby G lostenand M ilgrom (19 85).
T heseauthors examineaspeci…cintermediationmodel, withrisk-neutralmarket-makers, and
studytheequilibrium ofthemarketforonesecurity, inthepresenceofadverseselection. Itis
interestingtonoticethatinthismodelmarket-makersplay, e¤ectively, thesameroleas ’pool’
securities inourframework.

36Evidently, thiswillalsobere‡ectedontheequilibrium levelofprices.
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makers charge spreads toguarantee themselves zeropro…ts in the presenceof
asymmetricinformation.

7 .Conclusions

Inthe…nalsectionwediscusssomeimportantissueswhicharisefromouranaly-
sis ofexistenceofcompetitiveequilibriaforasymmetricinformationeconomies.
W erefertotheadverseselectioneconomyjustfortheeaseofthediscussion, but
withoutlossofgenerality.

The role ofpoolsecurities. W e haveassumed throughoutthepaperthat
associatedtoeach’individual’securityj2 J thereis a’pool’security, withre-
turngivenbytheoppositeoftheaveragetotalnetamountduetoagentswho
tradedthesecurity. W ithO ne-SideConstraints, if’pool’securitieswerenotavail-
able, notradewouldclearlybetheonlyfeasibleallocation. Furthermore, inour
set-up ’pool’securitiesconstitutetheonlywayinwhichcontingenttradesamong
agentsofdi¤erentindexn (acrossdi¤erent’villages’)takeplace: marketclearing
isobtainedbycompensatingpositions in’individual’securitieswithpositions in
theassociated’pool’security.

H owever’pool’securities alsoplayanother, less evidentrolebyallowingfor
thepossibilityofcompensatingpositions in securities ofdi¤erenttypes. Tosee
this, considerthecaseinwhich’pool’securities arenotavailableandO ne-Side
Constraintsarenotimposed, sothatanonzeroleveloftradeis possible. T hen,
asweshowed, acompetitiveequilibriummaynotexist, butifitexisteditwould
becharacterizedbythefactthatlongpositions ineachsecurityarematchedby
shortpositions inthesamesecurity:

X

h

¸h
X

sh

¼(sh )
¡
µhj(s

h )
¢
= 0 (7 .1)

T his is undulyrestrictive. Eventhoughdi¤erent’individual’securitiesmaynot
exhibitcollinearitiesintheirreturnsatthelevelofanagent’strades, theymaydo
sowhentheiraggregatereturnisconcerned37 . O ntheotherhand, inthemarket
clearingconditionwith’pool’securities,

X

h

¸h
X

sh

¼(sh )
¡
µhj(s

h )¡µhp;j(s
h )
¢
= 0

37 T hiswasclearlythecaseintheexampleconsideredinsection5, wheretheaggregatereturn
onbothsecuritieswasdeterministic.
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sincethedistributionofthedemandamongcollinear’pool’securities is indeter-
minatethecompensationofpositions inthesedi¤erentsecurities isallowed.

W eshouldalsostress that, aswealreadyargued, ifmarkets aresu¢ciently
complete, theaveragetotalpayo¤ toagents holdingpositions in’individual’se-
curitiescanbeperfectlyhedgedontheexistingmarketsandtheexplicitpresence
of’pool’securities isnolongerneeded.

R estrictions on trades and prices. A notherfeatureofthemarketstruc-
tureweconsidered is thefactthateveryagentis notallowedtodirectlytrade
’individual’securitieswith index n di¤erentfrom his own. A nysuchtradehas
tobemediatedbypositions intheassociated’pool’securities. W ithsymmetric
information, sincethe’characteristics’ofthecontractbeingtradedarethesame
inall’villages’, thisrestrictionneverbinds;hence’pool’securitiesproperlysum-
marizeallwhatagentscoulddobytradinginother’villages’. Inthepresenceof
asymmetricinformationthesameistrue, aswealreadyargued, aslongasagents
areunabletodeterminethepreciseindex(the’village’) ofthepartners ofeach
oftheirtransactions. T hecharacteristicsofthecontractsarenolongerthesame
ineach ’village’atthetimeinwhichmarketsopen;thus ifagentswereableto
obtainaportfoliowiththesamepositionineachvillagen , thiswouldallowthem
toavoid theadverse selection problem andachieveapayo¤ which re‡ects the
average’characteristics’inthepopulation. T histypicallydominatesthepayo¤ of
the’pool’security(whichis, aswesaw, belowthepopulationaverage);markets
wouldthenunravel.

T herestrictionthatsecurities’priceareidenticalacrossvillagesandequalto
theoppositeofthepriceofthepoolsecurities, q = ¡qp wouldobtainthenasano
arbitrageconditionifagentswereallowedtotrade, undertheaboveinformational
assumptions, inallmarketsfor’individual’securities. Suchrestrictionwouldalso
obtainasazeropro…tconditionifintermediaries, takingpositions in’individual’
securitiesandissuing, onthatbasis, ’pool’securitiesweremodelled.

A moreexplicitanalysisoftheinformationalassumptionsbehindthepricing
structureconsideredherewouldclearlybene…tfrom theexaminationofamodel
withstrategicintermediariesandofitslimitbehavior. T his isclearlyanimpor-
tantopenissue.

H owgeneralistheexistenceresult? Inthispaperwehaveshownthat,
attherootofthedi¢cultiesforthe’viability’ofmarketsineconomieswithasym-
metricinformation, isthefactthatwheneveragents’typescannotbeseparated,
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whataree¤ectivelydi¤erentcontracts arerestrictedtotradeatthesameprice.
A s aconsequence, ourresults applytomoregeneral(andabstract) economies
whereseveraldi¤erentgoodsarerestrictedtotradeatthesameprice. Sucha
situationcharacterizesvariousothertypesofeconomieswithasymmetricinforma-
tion, asA kerlof’s’lemons’model, butalsoothercircumstanceswhereasymmetric
informationis notthesourceoftheproblem: forinstanceelectricityprices are
oftenrestrictednottovaryatdi¤erenttimesoftheday, manycommodityprices
are’sticky’overtime(because, e.g., ofmenucosts;seeA kerlofandYellen(19 85));
segregationandlocalpublicgoodsareotherexamples.38

Toillustratethis claim, considerasimpleeconomywith 4 commodities and
H consumers, and supposethatthe…rstthreecommodities musttradeatthe
sameprice: p1 = p 2 = p3 = p:Clearlythiseconomyhasingeneralnocompetitive
equilibrium, as therearenotenoughprices toclearallmarkets. Considerthen
thefollowingconditions:
i) inthemarketsforcommodities1;2 ;3agentscanonlybuy, notsell, thesegoods
(i.e. one-sideconstraintsareimposed);
ii) therealsoexistsamarketwhere…xedbundlescomposedof® unitsofgood1;
¯ unitsofgood 2 ;and(1¡® ¡¯) unitsofgood3canbebothboughtandsold,
atthepricep (i.e. a’pool’ofthecommoditieswhosepricesarerestrictedisalso
marketed);
iii) theproportionsofthevariousgoods inthisbundle(i.e. theterms ® and¯),
aredeterminedendogenouslyatequilibrium by: ®

1¡®¡¯ =
P

h x
h
1P

h x
h
3
; ¯
1¡®¡¯ =

P
h x

h
2P

h x
h
3
,

wherexhl istheamountofgoodl;l= 1;2 ;3;purchasedbyagenth inthemarket
forthisgood.
Byafairly immediatereformulationofourearlierargumentwecan showthat
undertheaboveconditionsfeasibilitycanbeensuredandcompetitiveequilibria
alwaysexistforthiseconomy.

Theone-sideconstraint(orbid-askspread) conditionsaretight, inthesense
thattheycannotberelaxedwithoutgeneratingproblemsforexistence. H owever
otherconditions whichallowtoovercometheexistenceproblemsweidenti…ed,
and in particularthefeasibility problem, could beexplored. Forinstancethe
introductionofentryfees, whichagents arerequiredtopaytobeabletotrade
inmarkets for’individual’securities, andareendogenouslydeterminedatequi-
librium, allowstoprovetheexistenceofcompetitiveequilibriaevenwithlinear
pricesandnoshort-salerestrictions. Inthiscasethereisnoseparationbetween

38 SeeBalasko(19 9 7 ) forarelatedanalysisofamodelwithpricerestrictions.
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buyersandsellersandtheentryfeeoperatesasamechanism, symmetriconthe
twosides ofthemarket, toredistributethelosses arisingfrom thepresenceof
asymmetricinformation soas toensurefeasibility. Inthis respect, bankruptcy
institutions, orsetsoftaxesandtransfers, couldalsoservethesamepurposeand
ensureexistence.

A nanalysisofthedi¤erentimplicationsforthenatureofmarketsunderasym-
metricinformationand inparticularforthee¢ciencyproperties ofcompetitive
equilibriaofthesealternativeconditions, aswellasoftheformsofnon-linearities
ofpriceswhichcanbeimplementedwhensomeinformationonagents’trades is
easilyavailable, constitutesanimportantobjectiveofourfuturework.
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Figure1: T iming.
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A ppendix
ProofofTheorem 2

W ewillshow…rstthatunder(C 2 ) theagents’optimization problem has a
well-behavedsolution. Itisimmediatetoseethatcondition(C 2 (ii)) impliesthat,
whenagentsarerestrictedtotakeonlylongpositionsin’individual’securities, the
matrixR p ofthevaluesofthepayo¤ of’pool’securitiesobtainedfrom(??) issuch
thatwealwayshaveSp[R p]= <§ :T hisshows, sincetradesin‘pool’securitiesare
unrestricted, thatagents can indeedobtainanypayo¤ which is contingentonly
ontheaggregateuncertainty, i.e. thatmarketsarecompletewithregardtothe
aggregaterisk. A gents’behavioristhenuna¤ectedbychangesinR p atequilibrium
(sothistermcanbeomittedfromtheargumentsofthedemandcorrespondence).
Inaddition, weuse(??)toreplaceqwith¡(R p)0½ sothatdemandcanbewritten
asafunctionsimplyof(½;p 0 ;p1) (and, withhiddeninformation, of¼(m ¡h=:)):

L emmaA .1. U nderassumptions 1-3 and (C 2 ), the individualchoice prob-
lem Ph

AS has a solution forall(½;p 0 ;p1) 2 <§+ + £<L(1+ § )
+ + and allthe values

ofR p whichcanbegeneratedby(??):T hesolution is describedbythecorre-
spondence

¡
ch(sh);µh (sh);µhp(sh )

¢
(½;p 0 ;p1); non-empty, upper-hemi-continuous,

convex-valued, andexhibitingthefollowingboundarybehavior, 8sh ;h : forany
sequence

n
½(¿);p(¿)0 ;p(¿)1

o
¿
2 (<§+ + £<L(1+ § )

+ + );convergingto(½;p 0 ;p1)2 @(<§+ + £
<L(1+ § )
+ + );inffkch ;µh ;µhpk:(ch ;µh ;µhp )2

¡
ch (sh);µh(sh );µhp(sh)

¢³
½(¿);p(¿)0 ;p(¿)1

´
g !

1 :
T hesameproperties, withtheonlyexceptionofconvex-valuedness, holdforthe
solutionsofPh

H I ;describedby
¡
ch ;µh ;µhp ;(m h(sh ))sh

¢¡
(½;p 0 ;p1);¼(m ¡h=s¡h)

¢
:

Proof. Consider…rsttheagent’s choiceproblem underadverseselection, Ph
AS:

U nder(C 2 ); using(??) andthedate 1 budgetconstraints tosubstitute forq;
µhp (sh) in theexpression oftheagent’s constraintatdate 0 ; thefeasible setof
problemPh

AScanberewrittenasfollows:

B h
AS(½;p0 ;p1;sh) = fch(sh)2<L(1+ §S¡h )

+ ;µh(sh)2 £ h :
p0 ¢(ch0 (sh )¡w h

0 )+ (¡(R p)0½¢µh (sh)+
+
P

¾ ½¾ [p1(¾)¢(ch1(s;¾;sh )¡w h
1(s;¾))¡

P
jµ

h
j(sh)rj(s;¾)]·0 ; s2Sg

(A:1)
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H enceweseethatthebudgetequationsfacedbytheagentimplythathisadmis-
sibleconsumptionandportfolioplansmustsatisfythefollowingcondition:

[p1(¾)¢(ch1(s;¾;sh )¡w h
1(s;¾))¡

P
jµ

h
j(sh)rj(s;¾)]=

[p1(¾)¢(ch1(s0;¾;sh)¡w h
1(s0;¾))¡

P
jµ

h
j(sh)rj(s0;¾)]8s06= s

i.e. thevalueofexcessdemandlessthereturnon‘individual’securitieshastobe
thesameforalls:T his conditiondescribes theconstraints on incometransfers
acrossstatesarisingfromtheincompletenessofthemarket.39

U nderassumption2, B h
AS(½;p0 ;p1;sh)hasclearlyanon-emptyinterior, andis

closed, convexandcompactforall(½;p0 ;p1)2<§+ + £<L(1+ § )
+ + . M oreover, B h

AS is
de…nedbytheintersectionofbudgethyperplanes, andthechoicevariableswhich
appearinitsexpression, (ch ;µh);areall, byassumptionboundedbelow:T herefore,
byastandardargument, thecorrespondencede…nedbyB h

AS(½;p 0 ;p1;sh ) is also
continuous. U pper-hemi-continuityandconvex-valuednessofdemandthenfollow
fromthecontinuityandconcavitypropertiesoftheagents’utilityfunction(stated
inassumption3).

Itisimmediatetoseethat, underassumption2, B h
AS(:)hasanon-emptyinte-

rioralsoatprices (½;p0 ;p1)2 @(<§+ + £<L(1+ § )
+ + ); sothattheboundarybehavior

propertyofdemandholds.

Considernexttheagent’s problem intheeconomywithhiddeninformation.
A similarexpressionasabovecanbeobtainedfortheadmissiblechoiceset
B h
H I (½;p0 ;p1;¼(m ¡h =s¡h ))ofproblemPh

H I :W eeasilyseethatB h
H I hasthesame

propertiesasB h
AS, withtheonlyexceptionofconvexity. A gentshaveinthiscase

anadditionalchoicevariable, themessagem h ;whicha¤ectsthepayo¤ ofthese-
curities theytrade;aswealreadynoticedsince M h is …nite, thesetB h

H I is not
convex. SincetheotherchoicevariablesofPh

H I areperfectlydivisible, underas-
sumption2, B h

H I alsohasanon-emptyinteriorandisde…nedbytheintersection
ofbudgethyperplanes, sothatthecontinuityofthecorrespondencede…nedby
B h
H I (:) ispreserved. H encetherestoftheaboveargumentstillapplies.

W earenowreadytoprovethatcompetitiveequilibriaexist. W ewillprove
…rsttheresultforeconomieswithadverseselection.

39 U nder(C 2);as weshowed, ’pool’securities allowagents tofully insureagainst¾, while
‘individual’securitieso¤eronlysomepartialinsuranceagainsttheidiosyncraticshocks s:
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(A S) T helevelofaggregateexcessdemandis obtainedas follows from indi-
vidualdemands:

z 0 (½;p0 ;p1) =
X

h

¸ h
X

sh

¼(sh )[ch0 (s
h )(½;p 0 ;p1)¡w h

0 ]

(µ;µp)(½;p0 ;p1) =
X

h

¸ h
X

sh

¼(sh )(µh(sh);µhp (s
h))(½;p 0 ;p1)

z 1(¾)(½;p0 ;p1) =
X

h

¸ h
X

s

¼(s)[ch1(s
¡h ;¾;sh)(½;p0 ;p1)¡w h

1(s;¾)]; ¾ 2 §

B y L emma??itfollows thattheaboveexpression inherits thesameproperties
ofindividualdemand: itisanupper-hemi-continuous, non-empty, convex-valued
correspondence forall(½;p 0 ;p1) 2 <§+ + £<L(1+ § )

+ + ; and exhibits the appropri-
ateboundarybehavior. M oreover, itsatis…es thefollowingexpressions de…ning
W alraslawatdate0 anddate1 instate¾ : forall(½;p0 ;p1)2<§+ + £<L(1+ § )

+ +

p 0 ¢z 0 (½;p0 ;p1)+ ½¢(R p(½;p0 ;p1)(µp(½;p0 ;p1)¡µ(½;p0 ;p1)) = 0 (A:2 )

(::;p1(¾)¢z 1(¾)(½;p 0 ;p1);::)+ R p(½;p0 ;p1)(µ(½;p 0 ;p1)¡µp(½;p 0 ;p1)) = 0 (A:3)

where R p(½;p 0 ;p1) denotes themap obtained by substitutingagents’ demand
correspondences fortheleveloftheirportfolioholdings intheexpressionofthe
payo¤ of‘pool’securities(??):Equations(A:2 ), (A:3)areobtainedbyaggregating
acrossagentsthebudgetconstraints, afterreplacingqwith¡R p0½;andusingthe
speci…cationofR p(:) in(??).40

N ormalizedate0 anddate1 prices ineveryaggregatestate¾ onthesimplex.
Considerthen thefollowingtruncated price sets: ¢ L+ §¡1

± ´ ((½;p0 ) 2 <L§
+ :P

lp0 ;l+
P

¾ ½¾ = 1;p0 ;l;½¾ >±), ¢ L¡1
± ´((p1(¾)2<L

+ :
P

lp1;l(¾) = 1;p1;l(¾)>
±); for± su¢ciently’small’. P ickaconvex, compactsetK ±½<L(1+ § )£<2J such
thattheimageoftheexcessdemandmap(z 0 ;(::;z 1(¾);::);µ;µp)

¡
¢ L+ §¡1

± ;(¢ L¡1
± )§

¢
½

K ±:
Examinenextthemap R p(½;p0 ;p1):Itis upper-hemicontinuousandconvex-

valued ifsuch is agents’demand. Itis then immediatetoseefrom theexpres-
sionof(??) that, under(C 1), forall(µhj(sh )sh ;h) suchthatµhj(sh ) 6= 0 forsome
h and sh ; wehave rpj(¾) 2 cofrj(¾;sh );sh 2 Sh ;h 2 H g; where rj(¾;sh) ´
(
P

s¡h rj(¾;s)¼(s
¡h=sh)); i.e. rj(¾;sh ) equals theexpectedpayo¤ ofsecurityj

40T hevalidityofcondition(C 1 )is crucial, aswealreadyargued, fortheaggregatepayo¤ of
‘individual’securitiestobe 0 ;andhencefor(A:3) tohold, alsowhenµ=0 :
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conditionallyon ¾;sh:T herefore, ifwerequirethepayo¤ rpj(¾) tolieintheset
cofrj(¾;sh);sh 2Sh ;h 2 H g alsowhenµj=

P
h ¸

h P
sh ¼(s

h)µhj(sh) = 0 ; upper-
hemicontinuity is preserved. W ewillimpose inwhatfollows this restrictionon
thepayo¤ ofthe’pool’securitiesinthecaseofnotrade, andshowthatitimplies
thevalidityofthefairnessproperty(FAS)ofequilibrium prices.

H encetherangeofthemapR p(½;p0 ;p1) isgivenbyR AŚ fR 2<§£J :rpj(¾)2
co[rj(¾;sh);sh 2Sh ;h 2 H ]; j2J;¾ 2 §g forall½;p0 ;p1; i.e. bytheconvexhull
ofa…nitesetofpoints, andisthusaconvex, compactset. Furthermore, therange
of¡(R p)0½;whenR p 2R AS; (½;p 0 )2 ¢ L+ §¡1; isalsocompactandwillbedenoted
byQ AS:

Considerthenthemap:

(z 0 ;(::;z 1(¾);::);µ;µp;R p;½;p 0 ;p1;q)± :

K±£R AS£¢ L+ §¡1
± £(¢ L¡1

± )§ £Q AS¡! K±£R AS£¢ L+ §¡1
± ;(¢ L¡1

± )§ £Q AS

de…nedby:

(z 0 ;(::;z 1(¾);::);µ;µp) = (z 0 ;(::;z 1(¾);::);µ;µp)(½;p0 ;p1)

rpj (¾) = ¡
P

h ¸
h P

s¼(s)rj(s;¾)µ
h
j(sh )(½;p0 ;p1)

µj
; 8¾;j

½;p 0 2 argmaxfp0 ¢z 0 + ½¢(R p(µp ¡µ))g
p1(¾) 2 argmaxfp1(¾)¢z 1(¾)g; 8¾

q = ¡(R p)0½

U ndertheaboveassumptionsthismap isupper-hemicontinuousandconvex-
valued, anditsdomainiscompact, convex. T herefore, byKakutani’sT heorem it
hasa…xedpoint[z 0 ;(::;z 1(¾);::);µ;µp;R p;½;p 0 ;p1;q]±:

R ecalling the expression ofW alras’ lawderived above it is immediate to
see thatif, atthe …xed point(½;p0 ;p1)± 2 intf¢ L+ §¡1

± £(¢ L¡1
± )§ g; we have

[(z 0 );(R p(µp¡µ));(::;z 1(¾);::)]± = 0 ; i.e. anequilibrium41 fortheperturbedecon-
omy. Ifnot, let± ! 0 andconsidertheassociatedsequenceof…xedpoints. By
astandardargument(see, e.g., W erner(19 85)) wecanshowthatthis sequence
isconvergentand, giventheboundarybehaviorpropertyofexcessdemand, the
limitvalue(½;p0 ;p1)¤2intf¢ L+ §¡1£(¢ L¡1)§ g:

41T heequalityR p(µp¡µ)=0 impliesthatthevaluessuchthatµp¡µ=0 alsobelongtothe
aggregatedemandcorrespondence.
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Furthermore, noticethatattheequilibriumweobtainedwehave, forallj:

q¤j2cof
X

¾

½¤¾rj(¾;s
h);sh 2Sh ;h 2 H g (A:4 )

R ecallingthede…nitionofrj(¾;sh) itis immediatetoseethat(A:4 ) isequivalent
tocondition (FAS). T hereforewehaveshownthatatequilibrium thepriceof
everysecurity is always (weakly) morethan’fair’forsomeagentand (weakly)
lessthan’fair’forsomeotheragent(whereatleastoneofthetwoinequalities is
strict).

(H I) Partoftheproofforeconomies withhidden information is essentially
thesameasforeconomieswithadverseselection. H owever, inthiscasewehave
alsotoshowthattheeconomycanbe’convexi…ed’byexploitingthelargenumber
ofagents. Furthermore, toshowexistenceofanequilibrium where, inaddition
to(FH I ), arestrictioninthespiritof’tremblinghandperfection’is imposedon
themessagestrategiesofagentswhochooseazeroleveloftrades(forwhomthe
messagechoiceistrivial). W ewillhavetointroduceaperturbationoftheeconomy
andproceedthenbyalimitargument. Inwhatfollowswewillfocusonthenew
partsoftheargument, referringtotheproofaboveforthecommonparts.

L etB J
" bean"-ballinR J:W ewillprove…rsttheexistenceofcompetitiveequi-

libriaforthe’perturbed’economywhereagents’trades in‘individual’securities
arerestrictedtolieintheset£ h

" ´£ hnB J
" ; forallh andfor" su¢ciently’small’.

B ytakingthelimitas" ! 0 weobtainasequenceof’perturbed’economieswhich
convergestothe’original’economywhereagents’behaviorissubjecttothe’orig-
inal’tradingconstraints (£ h )h2H :Ina’perturbed’economyagentshavetotrade
someminimalnonzeroamountofthe‘individual’securities;thereforethepayo¤
of‘pool’securities isalwaysgivenbythe’average’payo¤ ofindividualsecurities
andthepriceisfairwithrespecttothemessagestrategyoptimallychosenbythe
agents. Inthelimit, thesamepropertyalsoholds.

L etEh ´ [ei 2 <M h : eii = 1;eij = 0 8j6= i; i2 M h ] be thecollection
ofunitvectors in<M h:Evidently, thereisaone-to-onecorrespondencebetween
elements ofEh andofM h ; sothatwecan equivalently statetheagents’mes-
sagechoiceintermsofthechoiceofanelementofEh:L et

¡
ch ;µh ;µhp ;(eh(sh))sh

¢
¡
(½;p0 ;p1);¼(e¡h =s¡h)s¡h ;£ h

"

¢
denotethen the solution ofPh

H I when trades in
‘individual’securitiesarerestrictedtolieintheset£ h

";andm h hasbeenreplaced
byeh:

48



D e…nethe’convexi…ed’choicecorrespondenceas
³
ĉh ;µ̂

h
;µ̂

h
p ;(̂e

h (sh))sh ;[r̂j(eh(sh);e¡h ;¾)µhj]j;¾;sh
´¡
(½;p0 ;p1);¼(e¡h =s¡h )s¡h ;£ h

"

¢
´

cof
¡
ch ;µh ;µhp ;eh

¢¡
(½;p 0 ;p1);¼(e¡h=s¡h)s¡h ;£ h

"

¢
;

[rj(eh (sh);e¡h ;¾)µhj
¡
(½;p 0 ;p1);¼(e¡h=s¡h)s¡h ;£ h

"

¢
]j;¾;shg

wherecof© (:)gdenotes, foranymap© (:);theconvexhulloftheimageofthemap.
B yL emma??itfollowsthattheaboveexpressionisaupper-hemicontinuous, non-
empty42 correspondenceforall(½;p 0 ;p1) 2<§+ + £<L(1+ § )

+ + ;¼(e¡h=s¡h)s¡h2S¡h 2
¦ h06= h(¢ M h0)Sh

0
and exhibits theappropriateboundarybehavior; itis also, by

construction, convex-valued.
L et¢ L+ §¡1

± ;¢ L¡1
± bede…nedasbefore.

T herangeofthemap R p((½;p 0 ;p1);¼(eh =sh )s2S;(£ h
")h2H )weobtainbysub-

stitutingtheexpressionofµ̂
h ¡
(½;p 0 ;p1);¼(e¡h=s¡h)s¡h2S¡h ;£ h

"

¢
;h 2 H ; in the

expressionof(??) liesnowintheset
R H I´fR 2<S£J :rpj(¾) 2co[

P
s¼(s=¾)

P
m ¡h ¼(m

¡h =s¡h ) rj(¾;m h (sh);m ¡h);
m h 2 (M h)Sh ;¼(e¡h=s¡h )s¡h2S¡h 2 ¦ h06= h (¢ M h0)Sh

0
;h 2 H g; convex, compact.

Similarly, letQ H I betherangeof¡(R p)0½;whenR p 2R H I ; (½;p 0)2 ¢ L+ §¡1;also
compact.

Considerthenthemap:
¡
z 0 ;(::;z 1(¾);::);µ;µp;R p;½;p 0 ;p1;q;¼(eh=sh )sh ;h

¢
± :

K±£R H I £¢ L+ §¡1
± £(¢ L¡1

± )§ £Q H I £¦ h(¢ M h )Sh ¡!
K±£R H I £¢ L+ §¡1

± £(¢ L¡1
± )§ £Q H I £¦ h(¢ M h )Sh

de…nedby:

z 0 =
X

h

¡
¸h ĉh0 (:)¡w h

0

¢

(::;z 1(¾);::)) =
X

h ;s

¸h ¼(sj¾)
h
¦ h06= h

³
¼ h

0
(eh

0
=sh

0
)
´
ĉh1(¾;e

¡h ;sh )(:)¡w h
1(s

h ;¾)
i
; ¾ 2 §

(µ;µp) =
X

h

¸h (̂µ
h
;µ̂

h
p )(:)

42U nderassumption2 wecanalways …nd"su¢cientlysmallsothattheagents’feasibleset
isnonemptyalsowhentheyarerestrictedtotradeatleast"ofall‘individual’securities.
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rpj(¾) = ¡
P

h ;s¸
h ¼(s=¾)

P
e¡h

¡
¦ h06= h¼ h

0(eh0=sh0)
¢
[r̂j(eh(sh );e¡h ;¾)µhj](:)

µj
; 8¾;j

¼(eh=sh ) = êh (sh)8h ;sh
q = ¡(R p)0½

½;p0 2 argmaxfp 0 ¢z 0 + ½¢(R p(µp ¡µ))g
p1(¾) 2 argmaxfp1(¾)¢z 1(¾)g; 8¾

T hismap isupper-hemicontinuousandconvex-valued, anditsdomainiscom-
pact, convex. T hereforeKakutani’s theorem canagainbeapplied, yieldingthe
existenceofa…xedpoint. Proceedingas abovewecanshowthatthesameex-
pressionofW alras’lawshold, andthat, byletting± ! 0 theassociatedsequence
of…xedpoints converges toanequilibrium oftheperturbed, ’convexi…ed’econ-
omy

¡
z 0 ;(::;z 1(¾);::);µ;µp;R p;½;p0 ;p1;q;¼(eh =sh)sh ;h

¢¤
":Ifwethenlet" ! 0 we

obtainanothersequenceof…xedpoints (eachofwhich is anequilibrium ofthe
associatedperturbed, ’convexi…ed’economy) whichconverges toanequilibrium
ofthe’convexi…ed’economy,

¡
z 0 ;(::;z 1(¾);::);µ;µp;R p;½;p 0 ;p1;q;¼(eh=sh)sh ;h

¢¤.
A tthisequilibriumdemandandmessagesaredeterminedby³
ĉh ;µ̂

h
;µ̂

h
p ;(êh (sh))sh ; [r̂j(eh(sh );e¡h ;¾)µ

h
j]j;¾;sh

´¡
(½;p0 ;p1); ¼(e¡h =s¡h)s¡h2S¡h ;£ h

¢¤;
i.e. bythe’convexi…ed’choicemapatthe’original’tradingconstraints(£ h)h ;and
aresuchthat, attheprices(½;p0 ;p1;q)¤;commodityandsecurities’marketsclear,
thepayo¤ of‘pool’securitiesisconsistentwithagents’messages;and¼(eh=sh)¤sh ;h
isconsistentwith(êh(sh))¤sh (theN ashequilibriumcomponent).

B yCaratheodory’stheorem, aslongasV > [(L(1 + § M ¡hSh)+ 2J+ M hSh +
J§ M ];wecanalways …ndasetofweights (°h ;º)¤h2H ;º2V andasetofpoints, all
belongingtotheoriginaldemandmap, suchthat
³
ĉh ;µ̂

h
;µ̂

h
p ;(ê

h (sh))sh ; [r̂j(eh(sh );e¡h ;¾)µhj]j;¾;sh
´¡
(½;p 0 ;p1); ¼(e¡h=s¡h)s¡h2S¡h ;£ h¢¤=

=
X

º

°h ;º
³
ch ;º;µh ;º;µh ;ºp ;(eh ;º(sh))sh ; [rj(eh ;º(sh);e¡h ;¾)µ

h ;º
j ]j;¾;sh

¤́
8h ;

where(ch ;º;µh ;º;µh ;ºp ;(eh ;º(sh))sh )¤2¡
ch ;µh ;µhp ;(eh (sh))sh

¢¡
(½;p0 ;p1)¤; ¼(e¡h=s¡h )¤s¡h2S¡h ;£

h
¢
8º:

H ence
¡
(ch ;º;µh ;º;µh ;ºp ;(eh ;º(sh))sh )¤º;h ; (°h ;º)¤º;h ; (½;p 0 ;p1)¤; ¼(e¡h=s¡h)¤s¡h2S¡h

¢

constitutesacompetitiveequilibriumoftheoriginaleconomy.
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Itisthenimmediatefromtheinspectionofthe…xedpointmapandthelimit
argument, thatatthisequilibrium property(FH I ) holds. M oreover, byconstruc-
tion, themessagestrategies ofagentswhoholdazeroamountofsecurities are
consistentwith(inthesenseofbeing’close’to)theiroptimalstrategywhenthey
tradeasmallamountofsecurities.

T hiscompletestheproof.
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