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1.Introd uc tion

After the initialcontributionsofR ad ner (1968) and P resc ott-T ow nsend (1984 ),
the analysisofcompetitive equilib ria ofeconomiesw ith asymmetric information
hasrecently rec eived renew ed attention.For such ec onomiesthe interac tionb e-
tw eenthe private informationd imension(e.g. the unobservable ac tioninthe
moralhazard case) and the observab ility ofagents' trad esplaysa c rucialrole,
since trad eshave typic ally informationalcontent over the agents' private infor-
mation.Inparticular,to d ec entralize incentive e± cient P areto optimalallocations
the availab ility offully exclusive c ontrac ts, i.e.ofcontrac tsw hose terms(price
and payo®) d epend onthe transactionsinallother marketsofthe agent trad -
ing the c ontrac t, isgenerally required . T he implementationofthese c ontrac ts
imposestypically the verystronginformationalrequirement that alltrad esofan
agent need to b e observed .

We d o observe though agentsengagingind i®erent contrac tualrelationships
(e.g.havingloansb oth from b anksand c red it card c ompanies,hold ingvarious
insurance polic ies,...).It isthenofinterest to analyze also situationsw here c on-
trac tstrad ed are necessarilynon-exclusive,b ecause perfec t monitoringoftrad es
isnot available.T he c ase ofcomplete anonymityoftrad es,w here no transac tion
ofthe agentsisobservable,c onstitutesanimportant b enchmarkinthisrespec t.

Inthe framew ork ofa Walrasiancompetitive equilib rium mod el, alternative
assumptionsonthe observab ilityofagents'trad esmay b e c aptured ina red uc ed
form by alternative assumptionsonthe possible non-linearitiesofequilib rium
prices. Complete observab ility oftrad es(exclusivity) iscaptured by allow ing
price sched ulesto b e arb itrarynon-linear functionofagents'trad es;at the other
extreme, c omplete anonimity oftrad es(fullnon-exclusivity) c orrespond sto re-
stric tingpric e sched ulesto b e a linear func tionoftrad es.T he intermed iate c ase
inw hich only short and longtrad ingpositionscanb e d istinguished , w hich w ill
turnout to b e c entralinour analysis,iscaptured byprice sched ulescharac terized
by d istinc t b id and askpric es.

T he existence ofcompetitive equilib ria w ith linear priceshasb eenrec entlyin-
vestigated byDub ey,G eanakoplosand Shub ik(1995),B isinand G ottard i(1998),
B isin,G eanakoplos,G ottard i,M inelliand P olemarchakis(1998).It isshow nthat,
w ith asymmetric information,a minimalform ofnon-linearity,i.e.the possib ility
ofhavinga d i®erent pric e for buyersand sellers(a b id -askspread ),isnecessary
(infac t also su± cient) for c ompetitive equilib ria to exist.E xistence ofcompeti-
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tive equilib ria w ith generalnon-linear pric e sched ulesfor asymmetric information
economieshasb eenstud ied by P rescott-T ow nsend (1984 ).1

To b etter evaluate the informationalrequirementsand the struc ture ofmar-
ketsimplic it inthese c ompetitive equilib rium notions,it isimportant to examine
the cond itionsund er w hich such equilib ria canb e ob tained asthe limit, asthe
numb er ofstrategic trad ersgetslarge, ofthe Nash equilib ria ofa game (w here
informationand strategysetsare explic itlymod elled ).Inthispaper w e c onsid er
a simple economy w ith moralhazard (i.e. w here agentsund ertake a possibly
unobservable ac tion),and examine w hether,for d i®erent assumptionsab out the
observab ilityofagents'trad es,the (Nash) equilib ria ofec onomiesw here strategic
¯nancialintermed iariescompete by issuingcontrac tsc onverge,asthe numb er of
intermed iariesgetslarge,to c ompetitive equilib ria.

W ith symmetric informationthe equilib ria ofthe mod elw ith strategic inter-
med iariesalw aysconverge,no matter w hat isthe informationavailable to inter-
med iariesover agents'trad es,to c ompetitive equilib ria w ith linear pric es.Inthe
presence ofasymmetric information, w ith complete observab ility oftrad es(i.e.
w henintermed iariesare able to implement exclusive c ontrac ts) convergence also
hold s:theNashequilib ria c onverge,inthiscase to the (incentive e± cient) compet-
itive equilib ria w ithfullynon-linear pric es2.O nthe other hand ,w heninformation
over agents'trad esismore limited ,c onvergence isnot alw aysensured .

We c onsid er inparticular the c ase inw hich each intermed iary c annot observe
anyofthe trad esagentsmake w ith other intermed iaries,nor w hether agentsen-
gage inre-trad ingfrac tionsofthe contrac tstheypurchased (or sold ) from them.
Intermed iariesare only able to monitor the transac tionseach agent makesw ith
them;hence the only restric tionsthey canimplement are restric tionspreventing
agentsfrom buyingmultiple unitsofthe c ontrac tstheyissue.Insuch a situation
w hile, asw e alread y argued , w henagents' e®ort isc ommonly observed (i.e.in-
formationissymmetric ) equilib ria converge to competitive equilib ria w ith linear
prices,the same isnot true w ith asymmetric information.M ore prec isely,w e w ill
show that there existsanopenset ofparameter valuesd esc rib ingthe ec onomyfor
w hich w e d o not have c onvergence: the (Nash) equilib ria w ith strategic interme-

1 M oreprecisely,inPrescott-Townsend(1 984)thespecī cationofagents'budgetsetsrestricts
admissibletrades tolie inthesetofincentivecompatibletrades,which is equivalentintheir
set-uptoallowinggeneralnon-linearpriceschedules;seealsoL isboa(1 996).

2T he incentive e±ciencyofequilibriawith competingintermediaries,when exclusive con-
tracts areavailable,has been shownbyB ennardo(1 997)foraneconomywithmoralhazard
whichincludeasaspecialcasetheoneconsideredhere.
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d iariesd o not converge to anyofthe c ompetitive equilib ria w ith b id -askspread s
(i.e.to the c ompetitive equilib ria exhib itingthe informationallyleast d emand ing
form ofnon-linearity w hich ensuresexistence).Inother w ord s,the ab ility ofin-
termed iariesto prevent agentsfrom buyingmultiple unitsofthe contrac tsthey
issue interac tsw ith the asymmetryofinformation(the unobservab ilityofagents'
e®ort choic es) to generate b arriersto entry inthe marketsfor c ontrac ts. T hus
the sourc e ofthe d i± cultiesfor c onvergence isthe comb inationofthe presence of
asymmetric informationand the restric tionsonthe observab ilityoftrad esw hich
prevent the formationofexclusive c ontrac tualrelationships.

Finally,w eshow that convergence to c ompetitive equilib ria w ith b id -askspread s
againob tainsifw e assume that each intermed iary isunable to observe eventhe
totalamount oftrad esanagent ismakingw ith him,and hence cannot prevent
the agent from buyingmultiplesofthe contrac tshe issues.

Nonmuch w orkexistsonconvergence to c ompetitive equilib ria ineconomies
w ith asymmetric information.It isnotew orthythough that,for a particular class
ofeconomiesw ith ad verse selec tion,B iais-M artimort-R ochet (1997) ob taincon-
vergence ofthe equilib ria w ith strategic intermed iariesto c ompetitive equilib ria
w ith b id -askspread salso w henintermed iariescanprevent agentsfrom buying
multiple unitsofthe c ontrac tstheyissue.

T he paper isorganized asfollow s.Inthenext sec tionw e d escrib e the ec onomy
and d e¯ne competitive equilib ria asw ellasthe equilib ria ofthe game played by
¯nancialintermed iaries.Convergence isanalyzed insec tion3.It is¯rst show n
that convergence hold sw heninformationissymmetric (P roposition1) asw ellas
inthe case ofcomplete observab ilityoftrad es(P roposition2 ) and no observab ility
oftrad es(P roposition3).T he follow ingresult (P ropositions4 ) show sthat,w hen
informationover trad esallow sintermed iariesto prevent multiple trad esby the
same agent,c onvergence to competitive equilib ria w ith b id askspread sfails.

2 .T he E c onomy

We consid er aneconomy w here asymmetric informationisofthe moralhazard
(hid d enac tion) type. T here are c ountably many agents, allex-ante id entical;
agentsare ind exed by n 2 N . T here are tw o period s, t = 0 ;1; and a sin-
gle consumptiongood . Consumptiononly takesplac e at t= 1. U ncertainty
ispurely id iosyncratic , and isd esc rib ed by the collec tionofrand om variables
(~sn)n2N ; assumed to b e id entic ally and ind epend ently d istributed , w ith support
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S= fH ;Lg; the realizationof(~sn)n2N iscommonlyobservable.U ncertainty en-
tersthe economy via the agents'end ow ments.T he (d ate 1) end ow ment ofagent
n is ~w n = w (~sn);let w H ´w (H );w L ´w (L) b e the agent'send ow ment in,re-
spec tively, the id iosyncratic state H and state L. E ach agentsalso und ertakes
a (possibly) unobservable ac tion- w e w illrefer to it ase®ort - w hich a®ec tsthe
prob ab ility ofthe realizationofhisid iosyncratic shock.T here are tw o possible
e®ort levelsa;b;let ¼(e) b e the prob ab ility ofthe realizations = H giventhe
e®ort levele 2fa;bg:

Agents'preferencesare represented bya (VonNeumann- M orgenstern)utility
func tionofthe follow ingform:

¼(e)ln(cH )+ (1¡¼(e))ln(cL)¡v(e)

w here (cH ;cL) d enotesconsumptionrespec tively instate H and L,ć (cH ;cL),
and v(e) d enoted the d isutilityofe®ort e.3

We assume that:

¼(a) > ¼(b); v(a) > v(b); w H > w L > 0

so that a isthe h̀igh'e®ort and H isthe 'good 'state.
Let  b e theset ofparameter values(v(a);v(b);¼(a);¼(b);w H ;w L)ofthe ec on-

omyw hich satisfythe ab ove assumptionsand the ad d itionalcond itionthat at the
incentive constrained P areto optima (see B isin-G uaitoli (1998) for the stand ard
d e¯nition) agentsund ertake the high e®ort level,e = a.

2 .1.Competitive E quilib ria

Competitive equilib ria are charac terized bythe follow ingmarket struc ture:every
agent hasac c essto a complete set ofpure c ontingent claimscond itionalonhis
id iosyncratic uncertainty.Inparticular,and w ithout lossofgenerality,tw o secu-
ritiesare available for trad e,the ¯rst payingo® one unit ofthe consumptiongood
instate H ,and the sec ond payingo® one unit instate L.

Inthe b enchmarkcase ofsymmetric information(w henthe e®ort levele chosen
byeach agent isobserved ) the d e¯nitionofcompetitive equilib rium canb e w ritten

3T heassumptionoflogarithmicutility is included justtosimplifythecalculations in the
proofofL emma1 andProposition4,butisbynomeansessential.
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asfollow s.Let qe(s) d enote the (linear) pric e ofthe security payingo® instate s
for agentschoosinge®ort e.4

De¯nition1.A competitive equilib rium w ith symmetric information5 isgiven
byprices(qe(s);e = a;b; s = H ;L),alloc ationsand e®ort (cH ;cL;e),such that:

(i) (cH ;cL;e)solvesthe agent'soptimizationproblem

max(cH ;cL)2< 2+ ;e2fa;bg¼(e)ln(c
H )+ (1¡¼(e))ln(cL)¡v(e) s.t. (2 .1)

qe(H )(cH ¡w H )+ qe(L)(cL ¡w L) = 0

(ii) marketsclear6:

¼(e)(cH ¡w H )+ (1¡¼(e))(cL ¡w L) = 0 (2 .2 )

B oth inthe bud get c onstraint and inthe market clearingcond itionw e have
used the fac t that the leveloftrad e inthe security w hich pays o® isstate
s2fH ;Lg equalsthe excessd emand inthe same state,(cs¡w s).

For ec onomiesw ith asymmetric information(i.e.e®ort e isun-observable),w e
w illconsid er tw o c asesw ith regard to the possible formsofthe pricingfunctional.

T he ¯rst isthe c ase inw hich pricesallow for a b id -askspread but are otherw ise
linear.To d e¯ne competitive equilib ria inthisset-up some ad d itionalnotationis
need ed .Let q+ (H ) and q¡(H ) d enote respec tivelythe buyingand sellingpric e of
the securitypayingo® instate H ;q+ (L) and q¡(L) d enote the buyingand selling
pricesofthe securitypayingo® instate L oc curs.Let (x)+ d enote max(0 ;x) and
(x)¡ d enote min(0 ;x).

4B yallowingthepricesofthesecuritieswhosepayo®iscontingenttoidiosyncraticuncertainty
todependonthee®ortlevel,wee®ectivelyallowagentstotradeacompletesetofsecurities
withpayo®contingentontheuncertaintyandthee®ortlevel.

5W e limitourattention here tosymmetricequilibria. O n theotherhand, iftheagents'
choiceproblem isnotconvex(aslaterforeconomieswithasymmetricinformation),symmetric
equilibriamaynotexist.In suchcaseswewillhavetoexploitthelargenumberofagents to
convexify,allowingforthepossibilitythatagentswillmakedi®erentchoicesatequilibrium;the
dē nitionofcompetitiveequilibriacanbeeasilyextendedtothesesituations,atonlynotational
costs.

6A s standard intheseset-ups,weappealtothelawoflargenumberstoidentify¼(e)with
thefractionofagentswhoseendowmentrealizationiswH:
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De¯nition2 .A competitive equilib rium w ith asymmetric informationand b id -
askspread sisgivenby a pair of(b id and ask) pricesfor each ofthe tw o states,
(q+ (s);q¡(s);s = H ;L) and a vec tor (cH ;cL;e);such that:

(i) (cH ;cL;e)solvesthe agent'soptimizationproblem

max(cH ;cL)2< 2+ ;e2fa;bg¼(e)ln(c
H )+ (1¡¼(e))ln(cL)¡v(e) s.t. (2 .3)

q+ (H )(cH ¡w H )+ + q¡(H )(cH ¡w H )¡ + q+ (L)(cL¡w L)+ + q¡(L)(cL¡w L)¡ = 0

(ii) marketsclear:

¼(e)(cH ¡w H )+ (1¡¼(e))(cL ¡w L) = 0 (2 .4 )

T hesec ond case w e c onsid er w ith regard to the form ofthe pricingfunctionalis
the c ase inw hich arb itrarynon-linear pric esare allow ed .Let q(cH ¡w H ;cL¡w L)
d enote a generalnon-linear functionmapping trad esinto their value.We then
have:

De¯nition3.A competitive equilib rium w ith asymmetric informationand non-
linear pric esisgivenbya map q :<2 ! <and a vec tor (cH ;cL;e);such that:

(i) (cH ;cL;e)solvesthe agent'soptimizationproblem

max(cH ;cL)2< 2+ ;e2fa;bg¼(e)ln(c
H )+ (1¡¼(e))ln(cL)¡v(e) s.t. (2 .5)

q(cH ¡w H ;cL ¡w L) = 0

(ii) marketsclear:

¼(e)(cH ¡w H )+ (1¡¼(e))(cL ¡w L) = 0 (2 .6)

2 .2 .Strategic E quilib ria

We present here the strategic equilib rium notionw e shallconsid er inthispa-
per. Assume now the ec onomy isalso populated by I ¯nancialintermed iaries.
E ach intermed iary i = 1;:::;I c anissue Ji c ontrac ts(securities), ind exed by
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ji= 1;:::;Ji;Ji isassumed given,and large7.Let J´P
iJ

i;also,w e let J;Ji
d enote the setsofcontrac tsw hich c anb e issued asw ellastheir c ard inality.A
contrac t isid entī ed bya vec tor of(possiblynegative)payo®spaid bythe interme-
d iary to the buyer ofthe c ontrac t,c ond itionallyonthe realizationofthe publicly
observable charac teristicsofthe agent trad ingthe c ontrac t.M ore prec isely,w hen
e®ort isunobservable,a contrac t jisa pair d j= (d j;H ;d j;L) d esc rib ingthe payo®
respec tivelyinstate H and L:

G iventhe set ofcontrac tsissued by allintermed iaries, agentschoose w hich
c ontrac tsto enter and w hich e®ort levelto und ertake;their c onsumptionlevelis
thenuniquely d etermined by their choic e ofcontrac ts.P erfec tlyantic ipatingthe
agents'choic es,asa func tionofthe set ofcontrac tsavailable to them,intermed i-
ariesstrategic ally choose w hich contrac tsto issue,so asto maximize pro¯ts.

W ith regard to the informationavailable to intermed iariesover agents'trad es
three casesw illb e consid ered :

1.Nonobservability oftrad es: each intermed iary cannot ob serve any ofthe
trad esanagent makesw ith other intermed iaries,nor w hether agentsengage
inre-trad ingfrac tionsor multiplesofthe c ontrac tstheypurchased (or sold )
from them.T husintermed iariescanonly separate the buyingand selling
positionsofeach agent intheir ow ncontrac ts.

2 .Nonobservabilityofother trad es: each intermed iary c annot observe anyof
the trad esanagent makesw ith other intermed iaries,nor w hether agents
engage inre-trad ingfrac tionsofthe contrac tstheypurchased (or sold )from
them.T husintermed iariescaninthiscase also impose anupper b ound on
the trad esofeach agent intheir ow ncontrac ts.

3.Complete observabilityoftrad es: each intermed iary isable inthiscase to
perfec tlymonitor allthe transac tionsanagent makes,and hence to imple-
ment exclusive c ontrac ts.E ach agent c anonly choose to buy one ofthe J
c ontrac tsavailable to him.

It isnotationally convenient to d e¯ne equilib ria for asymmetric information
economies¯rst.

7T hefactthatintermediaries arerequiredtoissuenoless thanJi contracts is clearlynot
restrictive,sincethetrivialcontractwithzeropayo®isassumedtobealwaysanavailablechoice.
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Inthe c ase ofno observab ilityoftrad es,lettingf̧ jigji2Ji;i2I d enote the agent's
portfolio choices, the problem solved by agents, giventhe set ofcontrac tsd ´
(d ji)j2Ji;i2I issued by intermed iaries,c anb e formally d esc rib ed asfollow s:

m ax¸2< J+ ;e2fa;bg;c2< 2+ ¼(e)ln(cH )+ (1¡¼(e))ln(cL)¡v(e) s.t. (P)

cs = w s +
X

ji2Ji;i2I
¸jid j

i;s; s2fH ;Lg

Note that the portfolio choicesofeach agent are restric ted to b e non-negative.
T hisisw ithout lossofgenerality b ec ause the intermed iariescand istinguish the
buyingand sellingpositionsofeach agent,and sellingpositionscanalso b e d e-
sc rib ed asbuyingpositionsofcontrac tsw ith negative payo®s.

T he optimizationproblem faced byeachintermed iaryi2 I ;given(d ji
0
)ji02Ji0;i06=

i; isthen:

max(d ji)ji2Ji2< 2Ji f¡
X

ji2Ji
[¼(e)d j

i;H + (1¡¼(e))d j
i;L ]̧ jig s.t. (2 .7)

(e;(̧ ji)ji2Ji) solvesproblem (P) w hend = [(d j
i
)ji2Ji;(d j

i0
)ji02Ji0;i

06= i]

T husintermed iariesplaya simultaneousgame w here the choic e variable isthe
menuofcontrac tstheyissue.

De¯nition4.Anequilib rium w ith strategic intermed iariesand no observab ility
oftrad esisthenanarrayf(̧ ;e;c);d g such that:

(i) (̧ ;e;c)solvesproblem (P)givend ;
(ii) (d ji)ji2Jisolves(2 .7) given(d j

i0)ji02Ji0;i
06= i:

Inthe case ofno observab ilityofother trad es,the agents'problem,giventhe
set ofcontrac tsd ´(d ji)j2Ji;i2I issued by intermed iaries,is:

m ax¸2[0 ;1]J;e2fa;bg;c2< 2+ ¼(e)ln(c
H )+ (1¡¼(e))ln(cL)¡v(e) s.t. (P0)

cs = w s +
X

ji2Ji;i2I
¸jid j

i;s; s2fH ;Lg

w here agents'portfolio ineach securityjisrestric ted to the set [0 ;1],b ec ause the
intermed iary canimpose anupper b ound (w ith no lossofgeneralityset equalto
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one) ontrad esinitsow ncontrac ts.T he intermed iaries' choic e problem isthen
ob tained bya straightforw ard reformulationofthe one ab ove,replac ing(P) w ith
(P0) in(2 .7).T heformald e¯nitionofanequilibrium withno observabilityofother
trad esissimilarlyob tained from De¯nition4 by replac ing(P) w ith (P0).

Finally,inthe case ofcomplete observab ility oftrad es, the agents' problem,
giventhe set ofcontrac tsd ´(d ji)j2Ji;i2I ,is:

max̧ 2f0 ;1gJ;e2fa;bg;c2< 2+ ¼(e)ln(c
H )+ (1¡¼(e))ln(cL)¡v(e) s.t. (P00)

¸ji = 1 ) ¸j0i0 = 0 8j0i
06= ji

cs = w s +
X

ji2Ji;i2I
¸jid j

i;s; s2fH ;Lg

T he spec ī c ationofthe intermed iaries'choic e problem and theformald e¯nitionof
anequilib rium w ith strategic intermed iariesand c omplete observab ilityoftrad es
are againob tained byreplac ing(P) w ith (P00) respec tivelyin(2 .7) and De¯nition
4 .

For economiesw ith symmetric information,since e®ort e isobservable,inter-
med iariesare allow ed to ind exthe payo® ofthe c ontrac tstheyo®er to e.We can
thencapture the d i®erent assumptionsonobservab ility oftrad esw ith the same
restric tionsasab ove onthe choic e of̧ j,for allj.

T he problem solved byagents,giventhe set ofcontrac tsd ´(d ji)j2Ji;i2I issued
by intermed iaries,c anthenb e formally d escrib ed asfollow s:

m ax¸2¤ ;e2fa;bg;c2< 2+ ¼(e)ln(c
H )+ (1¡¼(e))ln(cL)¡v(e) s.t. (P000)

cs = w s +
X

ji2Ji;i2I
¸jid j

i;s;e; s2fH ;Lg;e 2fa;bg

w here ¤ c orrespond sto<J
+ ,[0 ;1]J,

©
¸j2f0 ;1g; 8j:¸ji = 1 ) ¸j0i0 = 0 ; 8j0i

06= ji
ª
,

respec tively,for the c ase ofno observab ility oftrad es,no observab ility ofother
trad es,and c omplete ob servab ilityoftrad es.

T he optimizationproblem faced byeachintermed iaryi2 I ;given(d ji
0
)ji02Ji0;i06=

i; isthen:

max(d ji)ji2Ji2< 4Ji f¡
X

ji2Ji
[¼(e)d j

i;H + (1¡¼(e))d j
i;L ]̧ jig s.t. (2 .8)
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(e;(̧ ji)ji2Ji) solvesproblem (P000) w hend = [(d j
i
)ji2Ji;(d j

i0
)ji02Ji0;i

06= i]and

T he d e¯nitionofequilib rium und er the d i®erent assumptionsonobservab ility of
trad esfor economiesw ith symmetric informationare a straightforw ard extension
ofthose for economiesw ith asymmetric information.

3.Convergence

We b eginbyshow ingthat convergence alw ayshold sw heninformationissymmet-
ric (i.e.e®ort iscommonlyobservable),for each ofthe ab ove possible assumptions
ab out the observab ilityoftrad es.

P roposition1.W hene®ort ispublicly observable, there existsa unique c om-
petitive equilib rium,w here allagentsund ertake the high levelofe®ort and fully
insure,at fair od d s(i.e.the c onsumptionalloc ationssatisfy cH ¡w H

cL¡w L = ¡1¡¼(a)
¼(a) ).

8

For I su± cientlylarge,equilib ria w ithstrategic intermed iaries,for allthe assump-
tiononobservab ility oftrad es,are charac terized by the same alloc ations.

T he existence (and infac t the P areto optimality) ofsuch equilib ria isimmed i-
ate,giventhe simple struc ture ofthe ec onomy.Similarly,c onvergence follow sby
a stand ard ('B ertrand -like') argument:aslongasI ¸2 intermed iariesw illalw ays
choose to issue c ontrac tso®eringfullinsurance, c ond itionally onhigh e®ort, at
fair pric es,and no other c ontrac t w illb e trad ed .

W hene®ort isprivatelyobserved strategic equilib ria w ith c omplete observab il-
ity oftrad esd o c onverge to c ompetitive equilib ria w ith asymmetric information
and non-linear pric es.

P roposition2 .T here existsa unique,incentive e± c ient,c ompetitive equilib rium 9
w ith non-linear pric esw here allagentsund ertake the high levelofe®ort and
achieve partialinsurance. For I su± ciently large, allequilib ria w ith strategic
intermed iariesand complete observab ilityoftrad esalso support the same alloca-
tion.

8Strictlyspeaking,therearealsootherequilibria,withanunfairprice(i.e.qa(H)
qa(L )6=

¼(a)
1¡¼(a))

andnotradeonthecontractscontingentonahighlevelofe®ort.Suchequilibriathoughare
notrobusttoanyrē nementinthespiritoftremblinghandperfection(seeG ale(1 992)).

9Inthis casetoootherequilibriawithnon-linearprices exist.H owever,onlytheincentive
e±cientequilibrium satis̄ esa t̀remblinghand'rē nement;seeagainG ale(1 992).
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P roof. Let e(cH ¡w H ;cL ¡w L) b e the map d esc rib ing the agents' optimal
choice ofe®ort, for any possible levelofnet trad es. Inthe framew ork ofthe
ec onomy und er examination, thismap isw ell-d e¯ned and single-valued (except
at one point w here agents' are ind i®erent inthe e®ort choic e). Consid er then
the pric ingfunctionalq

¡
e(cH ¡w H ;cL ¡w L)

¢
; it isimmed iate to see that this

pricingfunctionalconstitutesa c ompetitive equilib rium w ithnonlinear pric es,and
d ec entralizesthe incentive e± c ient alloc ation.Turningnext to the equilib rium
w ithstrategic intermed iaries,bya similar argument asinP roposition1,aslongas
there are I > 2 intermed iaries,theyw illalw ayschoose to issue exclusive c ontrac ts
o®eringpartialinsurance,at the incentive e± cient level,and ind ucinga highlevel
ofe®ort.

We w illshow next that strategic equilib ria w ith no observab ility oftrad es
d o c onverge to c ompetitive equilib ria w ith asymmetric informationand b id -ask
spread s.For this,w e c onsid er ¯rst w hat are the propertiesofcompetitive equi-
lib ria w ith b id -askspread s.It should b e clear,giventhe simple struc ture ofthe
ec onomy and the spec ī c ationofcontrac tsavailable to agents,that c ompetitive
equilib ria w ith b id -askspread s,ifthey exist, c anonly b e ofthe follow ingthree
types:

1.equilib ria w ith low e®ort and fullinsurance (i.e.cH = cL = ¼(b)w H + (1¡
¼(b))w L); purchased at the fair price q¡(H ) = ¼(b);q+ (L) = 1¡¼(b);

2 .equilib ria w ith no trad e and high e®ort (i.e.cH = w H ;cL = w L;e = a);

3.'mixed ' equilib ria, w here a frac tionofthe agentsinthe populationexert
high e®ort,w hile the othersexert low e®ort,and b oth buyinsurance,at the
same price (i.e.cH (a) < w H ;cH (b) < w H ; w

H ¡cH (b)
cL(b)¡w L = w H ¡cH (a)

cL(a)¡w L ); though in
d i®erent amounts.

InB isinand G ottard i(1997) it isshow nthat a c ompetitive equilib rium alw ays
existsinthisset-up, and a c omplete charac terizationisprovid ed ofthe set of
equilib ria for the variousregionsofthe parameter spac e  :

P roposition3.For I su± ciently large, allstrategic equilib ria w ith no observ-
ab ilityoftrad esare charac terized bythe same alloc ationascompetitive equilib ria
w ith b id -askspread .
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Again,the prooffollow sbya simple B̀ ertrand competition'argument.

O nthe other hand , w e w illnow show that w henthere isasymmetric infor-
mationand no observab ility ofother trad es,c onvergence to competitive equilib -
ria w ith b id -askspread maynot hold .Inother w ord s,w henintermed iariescan
impose anupper b ound restric tiononagents' trad esw ith themselves, they can
exploit thisrestric tionto prod uc e a b arrier to the entry ofother intermed iaries,
thereby obstruc tingconvergence ofstrategic equilib ria to c ompetitive equilib ria
w ith b id -askspread s.

Note that the intermed iaries'ab ilityto c onstruct b arriersto entry byexploit-
ing their informationonagents' trad esvanishesinthe limit for the numb er of
intermed iariesI tend ingto in̄nity,ineconomiesw ith symmetric information(as
show ninP roposition1),asw ellasineconomiesw ith c omplete observab ility of
trad es(P roposition2 ). M oreover, inthe classofec onomiesw ith ad verse selec -
tionstud ied by B ias-M artimort-R ochet (1997), b arriersto entry also vanish in
the limit and the c onvergence to c ompetitive equilib rium alloc ationsw ith b id -ask
spread sob tain.

To show that c onvergence mayfailineconomiesw ithno observab ilityofother
trad es,w e focusour attentionhere onthe equilib ria for a subset ofthe parameter
spac e:

Lemma 1.T here existsanopenset ofeconomies¡ ½ such that for anyec on-
omyin¡ the onlycompetitive equilib ria w ith b id -askspread sare either equilib ria
w ith no trad e and high e®ort,or m̀ixed 'equilib ria.

P roof.T he proofisimmed iate.Let ¡ = fv(a);v(b);¼(a);¼(b);w H ;w L 2  :

¼(b)(1¡¼(a))w H

¼(a)(1¡¼(b))w L < 1

v(a)¡v(b)¡¼(a)ln(
¼(a)
¼(b)

)¡(1¡¼(a))ln(
1¡¼(a)
1¡¼(b)

) <

(1¡¼(a))ln(
w L(1¡¼(b))
1¡¼(a)

)+ ¼(a)ln(
¼(b)w H

¼(a)
)¡ln

¡
¼(b)w H + (1¡¼(a))w L¢

It isstraightforw ard to check that ¡ 6= ;:T he ¯rst inequality d e¯ning¡ implies
that, ifagents' e®ort levelishigh, their optimalchoic e oftrad e ininsurance
c ontrac ts,at the pricesq¡(H ) = ¼(b);q+ (L) = 1¡¼(b);q+ (H ) = ¼(a);q¡(L) =
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¼(a); iszero (i.e.no trad e).T he sec ond inequalitythensaysthat,at these prices,
agentsprefer to exert a high levelofe®ort (and hence a zero leveloftrad e in
insurance c ontrac ts) to a low e®ort level,and the optimalleveloftrad esinthat
c ase,i.e.fullinsurance.Hence for economiesin¡ competitive equilib ria w ith low
e®ort d o not exist.Since,bythe argument inB isinand G ottard i(1997),w e know
that c ompetitive equilib ria w ith b id -spread salw aysexist,w e c onclud e that only
no trad e equilib ria w ith high e®ort,or m̀ixed 'equilib ria,exist inthisregion.

T hefollow ingresult thenshow sthat for anopenset ofec onomieshavinganon-
empty intersec tionw ith the set ofec onomiesw hose c ompetitive equilib ria have
b eencharac terized inLemma 1, and for I large,no equilib rium w ith strategic
intermed iariesand no observab ility ofother trad esc anb e c̀lose' to any ofthe
c ompetitive equilib ria w ith b id -askspread , i.e.that c onvergence d oesnot hold .
M ore prec isely:

P roposition4.For anopensubset ofec onomiesno equilib rium w ith strategic
intermed iariesand no observab ility ofother trad esc onverges,for I ! 1 , to a
c ompetitive equilib rium w ith b id askspread s.

P roof.
T he proofisorganized infour mainsteps.
Inthe ¯rst three stepsthe result isestablished for the c ase inw hich the agents'

ad missible portfolio choic esare restric ted to lie inthe set ¸ 2f0 ;1gJ; i.e.agents
are not allow ed to buyfrac tionsofthe c ontrac tsissued .Step 1 show sthat there
isthere isanopen,non-emptysubset ¡0½ ofeconomies,for each ofw hich there
existsa non-emptyset ofconsumptionallocations(d i®erent from the end ow ment
point) w ith the property that agents, at those alloc ations, prefer to exert the
high e®ort leveland not to trad e anycontrac t o®eringsupplementalinsurance at
the rate 1¡¼(b)

¼(b) .Furthermore,w e show that the intersec tionof¡
0w ith the set ¡,

charac terized inLemma 1,isalso non-emptyand open.
Inthe rest ofthe argument it isshow nthat,for allec onomiesin¡0,allthe

Nash equilib ria w ithstrategic intermed iariesare d i®erent,for I large enough,b oth
from the no trad e equilib ria w ith high e®ort and the m̀ixed 'equilib ria.Since,by
Lemma 1,the competitive equilib ria w ith b id -askspread ofallec onomiesin¡ can
onlyb e ofeither ofthese tw o types,it follow sthat,for allec onomiesin¡ \¡0;no
strategic equilib rium convergesto a c ompetitive equilib rium w ith b id -askspread s.
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InStep 2 it isshow nthat for allec onomiesin¡ \ ¡0; a zero leveloftrad e
(w ith high e®ort) c annot b e anequilib rium w ith strategic intermed iaries, ifI
issu± ciently large. T hisw illb e established by proving that at the no trad e
alloc ationthere are c ontrac ts,w hich ifo®ered ,w ould lead the agentsto a stric tly
preferred alloc ation(i.e. w ould b e ac c epted ) and w ould make positive pro¯ts.
T husthere existsa pro¯table d eviation, so the no trad e alloc ationcannot b e
supported asanequilib rium.T he c omplic ationinthe argument comesfrom the
fac t that w e have to show that pro¯table d eviationsexist eveninthe presence of
l̀atent c ontrac ts',i.e.non-trivialcontrac tsw hich are not trad ed at equilib rium,
but play a role ind eterringentry,or the proposalofother contrac ts.10 InStep
3 it isthenshow nthat the same result istrue for the alloc ationat a 'mixed '
equilib rium.

Finally,inStep 4 w e show that the result ob tained ab ove extend sto the c ase
inw hich agentsare allow ed to trad e frac tionsofthe contrac tso®ered ,i.e.their
ad missible portfolio choiceslie inthe set [0 ;1]:

Step 1.Let A b e the set ofpairs(cL;cH )¸0 such that

cL ¸w L

1¡¼(a)
¼(a)

·
¯̄
¯̄c

H ¡w H

cL ¡w L

¯̄
¯̄· 1¡¼(b)

¼(b)

T hisisa sec tionofa c one w ith vertexat the end ow ment point and b ound ary d e-
¯ned bythe tw o lines,w ithslope,respec tively 1¡¼(a)

¼(a) and 1¡¼(b)
¼(b) ; w hich go through

the end ow ment point (i.e.the zero pro¯t loc ifor high and low e®ort respec tively);
see Figure 1.Allcontrac tsinA such that

¯̄
d j;H =d j;L

¯̄
2

³
1¡¼(a)
¼(a) ;

1¡¼(b)
¼(b)

´
w illmake

positive pro¯tsife = a;negative pro¯tsife = b.
Denote thenbyB the set ofpairs(cL;cH )¸0 such that

¼(a)ln(cH )+ (1¡¼(a))ln(cL)¡v(a)¸ln(¼(b)cH + (1¡¼(b))cL)¡v(b) (3.1)

T hisregionid entī esthe set ofconsumptionalloc ationsw here agentsprefer to
exert high e®ort, and are not w illingto buy ad d itionalcontrac ts, o®eringthem

1 0 H ellwig(1 983)has r̄stshown in asimilarset-up howequilibrium allocations withhigh
e®ortlevelcanbesustainedbythepresenceof l̀atentcontracts'.SeeB isin-G uaitoli (1 998)for
acharacterizationofsuchequilibria.
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fullinsurance,at the rate (1¡¼(b))=¼(b)11:R ew rite inequality(3.1) asfollow s:

expf¡(v(a)¡v(b)g
µ
cH

cL

¶¼(a)

¸(1¡¼(b))+ ¼(b)
µ
cH

cL

¶

It c anb e easilyverī ed that ifthe follow ingcond itionhold s:

v(a)¡v(b) < ¼(a)ln
µ
¼(a)
¼(b)

¶
+ (1¡¼(a))ln(

w L(1¡¼(b))
1¡¼(a)

) (3.2 )

the set B isa non-emptyc one w ith vertexat the origin.Furthermore,the b ound -
ary ofB isgivenby tw o raysthrough the originw ith slope ® 1;® 2 ; b oth stric tly
greater thanone,w hich are ob tained assolutionsofthe equation:

expf¡(v(a)¡v(b)g(®)¼(a) = (1¡¼(b))+ ¼(b)(®)

i.e.cH =cL 2 [® 1;® 2 ]) (cL;cH )2B :See Figure 1.
Let ¡0½  b e d e¯ned by the set ofparameter valuesw hich satisfy (3.2 ) as

w ellasthe follow ingad d itionalcond ition:

w H =w L > minf® 1;® 2 g (3.3)

It isimmed iate to see that the set ¡0isopen,non-empty.Furthermore,for any
ec onomy w hose parameter valueslie in¡0 the subsetsA and B ofthe spac e of
alloc ationsd esc rib ed ab ove have a non-emptyintersec tion,w hich isd i®erent from
the singletonset containingonlythe end ow ment point fw H ;w Lg.Rec allingthen
the charac terizationofthe set ¡ giveninLemma 1, w e c analso say that for
anyec onomy in¡ the end ow ment point isaninterior point ofthe set B ; so that
A\ B 6= ;;A\ B ¾fw H ;w Lg;hence anysuch economy also b elongsto the set
¡0; or ¡ ½¡0:

Step 2 . We w illshow ¯rst that, for allec onomiesin¡ \ ¡0, there isno equi-
lib rium inw hich allagentsremainat their end ow ment point (i.e. there isno
trad e).Since for such ec onomiesthe end ow ment point b elongsto the interior of
B ,at a no trad e alloc ationagentschoose e®ort a:At anypoint ofA\B (asinany
point ofund erinsurance) the agents'marginalrate ofsubstitutionis(inabsolute

1 1 Iftheagentsweretobuytheseadditionalcontracts,theiroptimalchoiceofe®ortwould
obviouslybee=b:
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value) greater than(1¡¼(a))=¼(a).Hence there are alloc ations,inthe interior
ofA\ B ; w hich are stric tly preferred by agentsso that, ifno other non-trivial
contrac t isissued ,there are also c ontrac tsw hich ifproposed w ould make positive
pro¯ts.

To c omplete the argument for thiscase w e need to show that a pro¯table
d eviationexistsevenifthe no trad e alloc ationob tainsw hen l̀atent c ontrac ts'
are issued .Since the end ow ment point b elongsto the interior ofB ,any contrac t
such that ¹d j;H = ¹d j;L = ¡(1¡¼(b))=¼(b) isind eed a possible l̀atent'c ontrac t,asit
satis̄ esthe c ond itionofnot b eingtrad ed at the end ow ment point.How ever such
c ontrac t w illalso not b e trad ed at anyother point inA\B ;thusit c annot d eter
the pro¯table d eviationd esc rib ed ab ove.

We w illshow next that no other c ontrac t, i.e.no contrac t w ith payo® such
that ¡

³
d̂ j;H =d̂ j;L

´
2

³
1¡¼(a)
¼(a) ;

1¡¼(b)
¼(b)

´
; isanad missible l̀atent' c ontrac t.Ifsuch

c ontrac t issuch that w H + d̂ j;H 6= w L + d̂ j;L; there alw aysexistsanother contrac t,
w ith payo® ¡

³
~d j;H = ~d j;L

´
2

³
d̂ j;H =d̂ j;L; 1¡¼(b)¼(b) + ²

´
; for some small² > 0 ; such

that agentsstric tly prefer to trad e b oth c ontrac t (d̂ j;H ;d̂ j;L) and (~d j;H ; ~d j;L); and
exert the low e®ort, so the intermed iariesissuing(d̂ j;H ;d̂ j;L) w ould make nega-
tive pro¯ts(w hile those issuing(~d j;H ; ~d j;L) make positive pro¯ts).12 Hence issuing
contrac t (d̂ j;H ;d̂ j;L) isnot anoptimalchoice ofanintermed iary. O nthe other
hand ifw H + d̂ j;H = w L + d̂ j;L there isalw aysanother c ontrac t, asw e alread y
argued ab ove,supportinganalloc ationinA\ B , w hich isstric tly preferred by
the agent;hence issuingsuch a c ontrac t,rather than(d̂ j;H ;d̂ j;L); w ould allow the
intermed iaryto ob tainhigher (positive) pro¯ts.Note that thisistrue w hether or
not the l̀atent'c ontrac tsw ith payo® (¹d j;H ; ¹d j;L) are also issued .M oreover,evenif
the c ontrac t (d̂ j;H ;d̂ j;L) is s̀plit'amongany¯nite numb er13 ofintermed iarieseach
issuinga frac tionofit,a pro¯table d eviationstillexists.Anyintermed iaryissuing
a frac tionofthe c ontrac t c aninfact attainhigher pro¯tsbyissuing,instead ofthis
frac tion,a properlyselec ted c ontrac t supportinganalloc ationinA\B.T hiscom-
pletesthe argument that contrac tsw ith payo®s¡

³
d̂ j;H =d̂ j;L

´
2

³
1¡¼(a)
¼(a) ;

1¡¼(b)
¼(b)

´

are not ad missible l̀atent'c ontrac ts.
1 2Take(~dj;H;~dj;L )o®eringpositiveinsuranceatarateslightlyhigherthan(1 ¡¼(b))=¼(b)if

wH + d̂j;H > wL + d̂j;L ;ornegative insuranceatarateslightlylowerthan(1 ¡¼(b))=¼(b)if
wH + d̂j;H < wL + d̂j;L :

1 3W eshouldpointoutthatalsointhelimitcase,whenI=1 ;thesameconclusionholds,
thoughbyaslighlydi®erentargument.
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Step 3. We w illshow next that no equilib rium existsw here a frac tionofthe
agentschoose a high and the othersa low levelofe®ort,b oth buyinsurance and
the c onsumptionallocationssatisfy the c ond itionw H ¡cH (b)

cL(b)¡w L = w H ¡cH (a)
cL(a)¡w L (i.e.they

b oth lie onthe same line,going through the end ow ment point (w H ;w L)):E vi-
d ently, inthiscase agentsmust b e ind i®erent b etw eenthe tw o e®ort levelsa;b
and the assoc iated alloc ations(cH (a);cL(a)),(cH (b);cL(b)).M oreover,it must b e
that w H ¡cH (b)

cL(b)¡w L = w H ¡cH (a)
cL(a)¡w L 2

³
1¡¼(a)
¼(a) ;

1¡¼(b)
¼(b)

´
14:B y essentially the same argument

asthe one used inStep 2 w e canshow that ifcH (b) 6= cL(b) a pro¯table d evia-
tion(givenby a contrac t o®eringad d itionalpositive,or negative,insurance at a
rate inthe interval

³
w H ¡cH (b)
cL(b)¡w L ;

1¡¼(b)
¼(b) + ²

´
;² > 0 ) exists.If, onthe other hand ,

cH (b) = cL(b); there isalw aysanother alloc ationw hich isstric tly preferred to
(cH (a);cL(a)) by agentsmakinghigh e®ort15,i.e.a pro¯table d eviationexistsin
thiscase too.Hence no equilib rium w ith b oth levelsofe®ort chosenexistseither.

Step 4 . Finally, w e show that the result extend sto the c ase inw hich trad ing
offrac tionsisalso allow ed .T hisfollow simmed iatelyfrom the observationthat
none ofthe pro¯table d eviationsw e consid ered requiresa minimum ind ivisible
quantity to b e purchased by agents.T he pro¯tab ility ofa c ontrac t d epend sin
fac t only onitsrate

¯̄
d j;H =d j;L

¯̄
; the maximalamount ofinsurance o®ered , and

the e®ort chosenbyagents.And anyconsumptionalloc ationstric tlypreferred to
the originalcand id ate alloc ationw ould stillb e preferred to a c onvexcomb ination
ofthe tw o.

Asshow nby B isinand G uaitoli (1998), anequilib rium (possibly inmixed
strategies)w ithstrategic intermed iariesalw aysexist;inparticular,for alleconomies
in¡ \¡0a pure strategyequilib rium w ith high e®ort and a nonzero leveloftrad e
exists(see also Hellw ig(1983)).T he read er w illrealize that the argumentsab ove

1 4Ifw
H¡cH(b)

cL (b)¡wL = wH¡cH(a)
cL (a)¡wL > 1¡¼(b)

¼(b) ;thecontractswouldmakepositiveprō ts,butaprō table
deviationexists,givenbycontractso®eringaslightlyhigherpayo®inbothstates.W henthe
inequalityholdsintheoppositedirectionthecontractsmakenegativeprō ts.

1 5If(cH(a);cL (a))=2A \B ;agentsstrictlyprefertobuyadditionalinsurance,atarate 1¡¼(b)
¼(b) :

O ntheotherhand,when(cH(a);cL (a))2A \B itisalwayspossible,sincewH¡cH(a)
cL (a)¡wL < 1¡¼(a)

¼(a) ;
tomoveslightlyupwardandtotherightintheregionA \ B ,and n̄dsoanallocationstrictly
preferredto(cH(a);cL (a)).
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implythat mixed strategyequilib ria c annot converge,for the numb er ofinterme-
d iariesI goingto in̄nity,to d egenerate equilib ria w ith w ith no trad e,or mixed
equilib ria w ith b oth e®ort levelschosen.
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Hellw ig,M .(1983): Ò nM oralHazard and Non-P ric e E quilib ria inCompetitive
Insurance M arkets',mimeo.

Lisb oa,M .(1996): M̀ oralHazard and Nonlinear P ricingina G eneralE quilib -
rium M od el',mimeo.

P rescott,E .and R.Tow nsend (1984 ):'P areto O ptima and Competitive E quilib -
ria w ith Ad verse Selec tionand M oralHazard ',E conometrica,52 ,2 1-4 5,

19



Rad ner,R.(1968):'Competitive E quilib rium U nd er U ncertainty',E conometrica,
36,31-58.

2 0




