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1_Irtrod utionN

Ater the intelcortrbupnrsofRad rer (1963) ari Presott-Tow rerd (1984),
the arabl/asoftompetitive equilb ria ofecorom kesw ith ag/mmetrr iNbrmaton
hasrecertly receivel rerewel attertior For sch ecorom esthe irteractionb e-
tweenthe private iNBrmatonNd merson (e g- the urob wrvab kB actioninthe
moralhazard cas) ari the ob wrvab ility oFacens tralesp hysa cruilrok,
gne trad eshave typraly inbrmatoralcortert over the agens private inbr-
matior Inpartcubr,todecertralze inertiveet ckertPareto optimalabcators
the avaihb ility oFGilly exc Lave cortracts ie. oftortractsw hos terms (prre
art payo®) depern onthe trarmctiors inalother marketsofthe acgrt trad -
irg the cortract, isgererally required - T he mp Emertatbnofthes cortracts
mposstyprally the very drorg infrmatoralrequiremert that a Btrai esofan
acer reel to be obrved .

We d 0 ob=rve though agerisertpairg ind Rerert cortractue lre htorips
(e g- havirg barshoth fom barksani crel it cardi compares hol irgvarous
irsrane pokes-). k isthenofirtered to aralze alb gtuatiorsw here con
tractstrai el are recesmrily ronex Lave, becaus perfct moritorirgoftral es
isrot avaikb E_T he ca oftomp kte arorym ity oftral es w here ro trarsction
ofthe agerisisob ®rvab B, corgitutesanmmportart bernhmark inthisrepect -

INnthe famework offa Wakagancompetitive equilb rium mod el akerrative
assmptorsonthe ob ervab ility ofagenris trai esmaybe captured iNna rel u el
Brm by akerrative assmptiorsonthe possb B ronlirearities ofequilb rium
prres. Comp kte ob rvab ility ofFtrad es (ex Lavity) iscaptuel by albw irg
prre shel uksto be arb itrary ronirear fntioNnofagens tral es at the other
extreme, comp kte arorim ity oftral es (Gl ronex Lavity) correpori sto re-
drrtirgpree shel uksto be a brear tntonoftrad es. T he irtermel ite cae
iNnw heh ordy sort arnd brygtrad rgpogtorscanbe ¢ itirguised ,whech w il
tunou to becertralimour aral/as iscapturel byprre shel ukstharactereed
bydigintbi ar akprres

T he exadenie oftompetitive equibb ria w ith Brear prreshash eenrecertly iR
vesicpatel by Dubey,( earakop bsari Shu ik (1995), B iIgnari ¢ ottard 1(1998),
BNt earakop bs6 ottard 1, wrelard Pokmarchakis(1998) . k isshow nthat,
w ith ag/mmetrrc inbrmatona mirmal®m ofronlirearity, ie_the pos ility
ofhavirga ¢ ®erert prre Br bwersan zkrs@ b -ak preal ), iIsrecessry
(nfct ab sk cken) Br competitive equibria to exas - £ xagterne oftompeti



tive equilbria w ith gereralronlirear prre shel uks®r agmmetrrc INbrmatonN
ecorom ieshasheengul el byP resott-Tow rert (1984)1

To better evallate the iNBrmatoralrequiremertsant the grutue ofmar-
ketsmp kit inthes competitive equibrium retiors it isimportart to examire
the con itorsuier whch sch equibria canbe obtairedl asthe Imit, asthe
runb er oftrategr trai ersgets hrgg, ofthe Nash equilbria offa game (w here
inbrmatioNnarn drategy stsareexpkitlymod el ). Inthispaper we cordl er
a amp k ecoromy w ith moralhazari (ie- where agerisuniertake a possh iy
urob ervah B actior), ari exam ire w hether, Br d Rerert asamptiorsab ou the
ob wrvab ility ofagens tral es the (Nash) equilb ria ofecorom kesw here srategr
"ranilinermel Briescompete by issurgconractscorverce, asthe rumber ofF
inermel iariescets brge, to competitive equibria .

W ith gmmetrc inbrmationthe equilbria ofthe mod ellw ith grategr irter-
mel mriesab ayscorverge, ro matter w hat isthe inbrmationavaihb kb to irter-
mel |mriesover agers trad es to competitive equilbbria w ith Brear prres. Inthe
prene oFfagmmetrr inbrmation w ith comp kte ob <rvab ility oftrades (ie.-
w henirtermel lariesare ab kB to mp kmert exc Lave cortracts corvercene al®
ho I = the Nash equilb ria corverge, inthisca<e to the (inertive et ¢ iert) compet-
itive equilb ria w ith il rorlirear pries .0 nthe other hari ,w heninBrmationN
over aceris trad esismore Imitel ,corvercene isrot abaysersrel -

We cordl er inpartc ubkr the ca inw hch each irtermed |ry carrot ob ®rve
ary ofthe tral esagerismake w ith other irtermel iaries ror w hether agerisen
o inre-trad irg Factorsofthe cortractsthey puchasd (or 1) fom them .
Inermel Briesare orldy ab B to moritor the trarmctiorseach agert makesw ith
them ; hernie the orly regrctiorsthey canimp Emert are redrrtorsprevertirg
acenisfom buyirgmulip B uitsofthe cortractsthey isse. INnsrh a Stuaton
whik, aswe akeal y arg.el , w henacens e®ort iscommorldy ob ervel (ie. IR
Prmationissmmetrr) equibria corverge to competitive equilbria w ith Brear
prres the sme isrot true w ith ag/mmetrc inbrmatonll ore preciel,wew ill
show that there exddsaropenst ofparameter vaLesi esrb irgthe ecoromy br
whrhwe d o rot have corvergenie: the (Nash) equilbria w ith grategr irterme-

1 arepredsely, inP rescot=T oansand (984) thesped catlion ofagents "budoet sets restricts
admissible tradss 1o e in the sst of incative aampatibke trades, which is ecquinalaitin thar
setLp o allbning ganeral naHinearprice schedules; see abol isoaa ((996).

2T he incentive et-dency of egrilibria with aompeting intermediaries, when exdLeive aon-
tracts are ada bk, hes been shonn by B eardo (997) Tor an econamy with maral hervard
which indlide as aspedal Gee the ae aasidared here.
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d ;ariesd o rot corverce to ary ofthe competitive equibbria w ith b 1 -adk preal s
(ie_to the competitive equilb ria exhib itirgthe inbrmatiorally kag deman irg

Brm ofronlrearity w hch ersresexagerie) - Inother wori s the ab ility ofinR

termed mriesto prevert agerisfom b uyirg mulip B uitsofthe cortractsthey

IS E irteractsw ith the ag/mmetry ofinBrmationN(the ursb <rvab ity ofagens

e®ort choxes to cererate harriersto ertry iNnthe marketsor cortracts. T hus
the surce ofthe § & cukiesr corvergene isthe comb irationofthe prere oF
agmmetrr inbrmationNarn the redrrtorsonthe ob rvab ility oftral esw hch

prevert the Brmationofex Lave cortractualre htorips.

Firall,we show that corvergernietocompetitiveequilbriaw ithb i -adkgpreal s
agpinobtairsrfwe aswme that each inermed lary isurab B to ob frve eventhe
totalamourt oftral esanagert ismakirgw ith him, ari herie carrot prevert
the agert fom b uyirgmulp Esofthe cortractshe ises.

Nonmuh workexagsoncorvergene to competitive equilb ria INnecorom ies
w ith agmmetrr iNbrmation k isrotew orthy though that, Br a partc ukr ¢ hss
ofecoromiesw ith ad vere = Ekction B risll artimort-Rochet (1997) obtaincon
vergenie ofthe equilbria w ith grategr irtermel maresto competitive equibria
with b o -adkk 9real sab whenirtermel mriescanprevert ageris fom buyirg
mulkp kB uitsofthe cortractsthey isse -

T he paper isorqarzel astbw s. Inthe rext sctiorwe d esribe the ecoromy
ari de re competitive equilbria asweBasthe equikb ria ofthe game phyed by
"ranilinermel iaries. Corvergene isaralzel iNnsctonN3. k is rd sov N
that corvercerae ho I sw heninbrmatoniss/mmetrrc (P ropogtionl) aswelas
inthe ca oftomp kte ob rvab ility oftrad es(P ropogtior? ) ari rov ob srvab ility
oftral es(P ropogation3)-T he Tbw irgresulk (P ropogtiorst ) sow sthat,w hen
inbrmationover trald esabw sirtermel lariesto prevert mukip b trai eshy the
S[ime acgrt, corvergerue to competitive equibriaw ith bt adkk preal sHik.

2 _Thet coremy

We cordl er anecoromy w here agmmetrrc inbrmatonisofthe moralhazan

(hil d enactior) type. There are courtab by mary agerts allexarte tdertcal
acgnisare iexel byn 2 N . There are two periodg t= 0;1; ard a 9N
gk coremptongod - Cormmptonorly takesp bhce at €= 1. U nertairty
ispuely 1 bgmiratr, ani iIsdesrbel by the colkctionofrarnom varib ks
(8" oy ;ammel tobe tertcallyart inmepernently/d ikrbued , w ith spport



S= M ;Lg; the reakationNof (S ),oy iscommorly ob wrvab k.U nertairty en
tersthe ecoromy via the ageris eriow merts. T he (d ate 1) erdow mert ofacert
nisw" = wE"); Btw" ~w@H );wt T w() be the agert"seraow menrt in re-
pectively, the I bgmiratt date H art gate L. E ach agerisall unertakes
a (posb k) usb<ervab B action- we w illre®r to it ase®ort - whh a®Rectsthe
probab ility ofthe reakationofhisit bsmiratr shock. T here are two possb B
e®ort Bvela;b; Bt %(e) be the probab ility ofthe realkkations = H gventhe
e®ort Bvelle 2 fa;bg:

Acenis prefreniesare reprertel bya (VonNeunarm | orcergerr) uility
Tntonofthe Ty irg Hrm:

HEIHCS)+ L i %E) HCS) ivE)

w here (¢ ;&) dervtescorsmptionrepectively ingate H an L, c™ (&; &),
art v(e) d eroted the ¢ ixxility ofe®ort e 3
We assme that:

h@)> %@); v@)> vi); w' > wt>0

@ that a isthe high"e®ort ari H isthe ‘gpod " Sate .-

Let - bethe st ofparameter vaLes(v(@); v(b); % @);%®);wH ;wL) ofheecon
omyw hrh sitislythe above a==mptorsan the al d tioralcon itionthat at the
inertive cordrairad Pareto optima (%e B gt waito i (1998) Br the gariart
i e ritor) agerisun ertake the hich e®ort Bvele = a.

2 1 _Competitive E quibria

Competitive equibbria are characterzel bythe ©bw irgmarket gruture: every
acen hasaccessto a comp kte =t ofpure cortirgert ¢ kimscon tioralonhis
i bsmiratc unertairty. Inpartcubr, ari w ithout bssofcererality, tvo st u
ritiesare availhb E Br trad e, the rg payirgo® ore urit ofthe corgmptiongpod
iNngate H ,ari the scorl payirgo® ore urit iNgdate L .

Inthebernnhmarkcas ofgmmetrc iNBrmatioN(w henthe eRort Bvele choenN
byeachacer isob rvel )thede ritibornofompetitive equilbrium carbew ritten

3T he assumptian of kcarithmic utiity is includad just to simpkfy the calultias in the
proofofl enmal andP rpasitiaon 4, butis by nomears essertial.-



asTBhv s_ Let f (s) d ervte the (Brear) prre ofthe = urity payirgo® ingtate s
Br agerischoodrge®ort e £

De ritionl _A competitive equilb rium w ith smmetrt iNfrmation® isgven
bypries(f(s);e = a;b; s= H;L),albcatiorsari ePort (¢¢;c;e), sch that:
(D (¢ ;&;e) @ Vesthe acpri"soptim zationprob km

MaXe eyo<? p2mng @) HE)+ A f4EDHS) ivEe)st. Q1)

FHIC iw")+ FLIC iwh)=0
(i) marketsc Bar®:

BEXNE Fwi )+ A iRE)E iwh)=0 Q)

B oth inthe bul et corgrairt ard iNthe market ¢ Barirgcornt ikionw e have
uxl the #ct that the Bveloftrale INnthe scurity whrh payso® is fate
s 2T ;Lgequabthe exxessi emarni iNthe same fate, (& §w°)-

For ecorom lesw ith agmmetrrc inbrmatonN(ie.e®ort e iIsuob wrvab B),we
w illcordl er two casesw ith recard to the posah B Brmsofthe prr irg tintorall

The raistheca irwhthpriesalbw Brabil -adkspreald bu are otherw i
Erear.Tode recompetitive equilbria inthisst-yp <me ad d itioralrotationis
reedel -Letq" (H )ard g (H)derote repectivel/the buwyirgart < lrgprie oF
the = urity payirgo® ingdateH ;q" (L) ari g* (L) d erote the b uyirgan < liry
priesofthe s urity payirgo® iNngate L occurs. Let (X)" ¢ erote maxq(0 ;x) ari
)" derote mirQ;x)-

4B yallning the prices of the seaurities Whose payaRis aotingentioidicsynaaticuncer tainty
10 depad an the eRort bel, we eRectively allbw agats 1o trade a aampEte set of seaunties
with paya®arntingerit an the uncertainty and the eRort bel.

SW e Emit aur atlertion here © symmetric eguilibria. 0 n the other had, if the agants™
ddae prdblm is notanvex (& Bter Tareconamies with asymmetric infomatian), symmetyic
equiibria may notedst. In sudh csss we willl have 1o eplat the lage number of agats o
avedtfy, albning Torthe passibi ity thattagants wi llmake d®@rantdhaass ateou ibrium ; the
de nitian oFampetitive eopi ibriacan be essl ly extandad O these situatias, atanly notatiaal
assts.

84 s standard in these seteups, we gppeal o the v of lrge numbers o identify ¥ @ with
the fraction of agants whose endonmant realizatian iswH:
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De rition? - A competitive equilb rium w ith agmmetrc inBrmationard b i -
ak preal sisgvenby a pair ofb 1 art adl) prresr each ofthe two fates
@ (s);97 (s);s= H ;L) ari avector (¢;c;e); srh that:

(D (¢ ;&;e) @ Vesthe acpri"soptim zationprob km

MaXe eyt p2mng @) HE)+ A F4EDNS) ivEe)st. (@3

g HXE W) + giH XS Fw" )T+ g L(E iwh) + gt L)(E awh)i =0
(i) marketsc kar:

he)C iw')+ @ i%ENCE iwh)=0 Q)

T he scori cawecord erw ith recart to the Brm ofthe prr rgtntoralis
the case irw hich arb itrary roralirear priesare albwel _Let q(¢¢ jw" ;& jwh)
d erote a gereralronlirear BntioNmappirg trad esirto their vale . We then
have:

De nritioNn3. A competitive equilb rium w ith agmmetrt infrmationan N
Brear priesisgvenbyamap q:<< ! <an a vector (¢;¢;e); srh that:
(D (¢ ;&;e) @ Vesthe acpri"soptim zationprob km

MaXe y2<2 w2mbg @) HE)+ L i %@ HSE) ivEe)st. (@5
g jgw";¢E gwh)=0
(i) marketsc Bar:

he)C iw')+ @ i%EN(CE iwh)=0 (o)

2 2 _Strateax £ quibri

We prexnt here the grategx equibrium rotionwe hallcordl er iINthispa-
per. Asame row the ecoramy isal® popukbtei by | "raniklinermel Bries
Each inermel lary 1= 1;::3;1 canisse J' cortracts (Rcuities, inmexel by

Ve



J'= 1;::53 3% 3 isasmmel gvenyart brgp?. Let J 7 a Jhak,we Bt JJ°
i erote the stsoftortractswhrh canbe isel asweBastheir cart irality. A
cortract isil enti el bya vector of{possb W/ recative) payo®spail bythe irterme-
d ;|ary to the b uyer ofthe cortract,cont itiora B/onthe rea katonofthe puw k Iy
ob rvab kb characterig softhe acert trad irgthe cortract Il ore prec iy, w hen
e@ort isuroh rvab B, a cortract jisa pair d¥= (@ ;i) desribirgthe payo®
repectivelyindateH arl L:

6 venthe st oftortractsissel by allirtermel i|ries agerischoos whrh
cortractsto erter ara w hrch e®ort Bvellto uniertake; their corsmptonkvelis
thenurgLelyd eterm ired by their chore oftortracts.Perkctlyant patirgthe
acens chores asa tntonofthe st oftortractsavaikb b to them, irtermed ¥
aresdrategrally choo w hh cortractsto Isse, © asto maximze pro ts.

W ith recari to the imbrmationavaihb B to irtermel |riesover agernis” trad es
three casw illbe cordl ere{ :

1_Nonob<rvability oftrales each irtermel lary carrot ob ®rve ary ofthe
tral esanagert makesw ith other inermed \ries ror w hether agerisertace
inre-trad rgfactiorsor mukip ksofthe cortractsthey puchasd (or 1)
Ffom them . T husiniermel Briescanorly sparate the buyirgan < ilirg
pogtorsofeach acert iNtherr ow Ncortracts.

2 - Nonobervab ility ofother trades each irtermel mry carvot ob ®rve aryof
the tral esanagernt makesw ith other irtermed iaries ror w hether ageris
ertace inre-trad rg factorsofthe cortractsthey puchas! (or ©1) fom
them _T husirtermel Briescaninthiscas al® mpo<s anwper bourd onN
the tral esofeach agert iNntheir ow Ncortracts.

3. Comp kte oh=ervability oftrales each inlermed Bry isab b inthisca< to
perfctly moritor a Mthe trarmctiorsanacert makes ari herne to mp k-
mert exx Lave cortracts. E ach agert canorly choo= to buy ore ofthe J
cortractsavaihb E to him -

k isrotatorally corverert to de re equilbria Br agmmetrt iNbrmation
ecornmies rg.

“T he ct that intermediaries are required 1o isste no kss then J aonracss is deardy not
restrictive, since the trivial aatractwith zeyo payoRis assumed o be alnays an ava Ebke ddce.



INthe cae ofrw ob srvah ility oftrai es Bttirg T, ;igyosei ( erote the ageri’s
portflo chores the prob bm Vel by aceris gventhe st oftortractsd ~
(dj.)_igJi;iZI ISel by irtermel Bries canbe Brmalydesrbel astThhv s

m aX>2<f;e2ﬁ;bgd<i 1/4(6) l"(é)+ (1 i 1/4(6)) r((_l:) i V(e) s.t. (P)

X -
= wsH+ . 5d¥7® s2f ;Lg
J2Ikp
Note that the port®lio choresofeach acert are redrtel to be ronRrecative.
T hisisw ithou bssofererality becaus the inermed mriescand igirguish the
buyirgan <= Ergpogtorsofeach acern, an < Wrgpogtorscanab bhe de-
srbel asbuyirgpogtorsofontractsw ith reqative payo®s.

T heoptimzatiorprob Bm #cel byeach irtermed lary 121 ;gjverl(djp)ijJp; (%3]
L isthert

X _i_ .
maX sy 2ot T BEITT + @ i4EY T Lpgst. €D
jiZJi
€3 (. Pyr) DVespro bm (P whend = [¢F)gose; (5 )ye0p0 P6 1

T husirtermed iBriesp hy a amukarsousgame w here the chore varib B isthe
meruofortractsthey ise._

De nritiornd - Anequilb rium v ith Srategr irtermed iariesari rov ob rvab ility
oftral esisthenanarray 1(, ;e; g@;dg srh that:
™ (. ;e;obesprob Bm (P) gver ;

(i) (o DVesQ ) gven(@F)zo,,0: P6 i

INthe cae oo ob srvah ility ofother trad es the agerts prob km , gventhe
st oRortractst ~ (M) ISR by inermel ries is

M ax_opapezmpge<: €) HE) T A i%E)HSE) ive) st (Gt

X -
E=ws+ Ljid*S; s2f ;Lg
J2IEp
w here aceris port o ineach st urity jisresrrtel to the <t [0;1],becaus the
inermel lary canimpo< anwpper bourda (w ith ro bssofcerera ity <t equalto
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ore) ontral esinitsow Ncortracts. T he irtermed |mries choce prob Em isthen
obtar® bya graight®rwand rermubtonofthe ore above, rep hcirg(P) w ith
(P INQ 2)-The Brmali e ritbrofanequilbrium w ith re ob<ervab ility ofother
tralesisamibri/obtaired fom De ritiory by rep heirg (P) w ith (P9

Firall, inthe cas oftomp Bte ob ervab ility oftrad es the ageris prob bm,
giventhe st ofortractst ~ ()i , iS:

MaX opageombge<: #E) HE)+ A i%E@) HSE) ivE) st (G

FE 12(,jp:08j"6ji

E= wsH LTS s2F ;Lg
J2IEp
T he fpeci catibrofthe irtermed iariesSchoce prob Em ard the frmalie rtoroF
anequilb rium w ith grategr irtermed Briesard comp kte ob <rvab ility oftral es
are acpinob taired by rep ke irg(P) w ith (PD repectivel/inQ 7 ani De rition
4

For ecorom esw ith smmetrr iNBrmation grae e®ort e isob wrvab B, irter-
med Briesare albwel to i exthe payo® ofthe cortractstheyo®er to e -We can
thencapture the ¢ Perert as|amptiorsonob wrvah ility oftrad esw ith the sime
redritiorsasabove onthe choce of, 5, Brallj-

T he prob Em Vel byageris gventhe st ofortractsdt ~ (d j.)_ini;iZI (S92
by irtermed laries canthenbe trmalydesrbel asthv s

M X opomnge<: HE) HE)+ L i%E@)HE) ivE) st (Gay)
X ]
E= ws+ Ll s2 M ;Lge 2 fasby
J2ati2

© _ _a
where o correporisto <,[0;1P, ,32M;1g; 8§:,5=1) , o= 0; sf's j ,
repectively, Br the ca ofro ob =rvab ility oftral es rov ob srvab ility ofother
tral es ard comp Bte ob ervab ility oftral es.

T heoptm zatiorprob Bm fced byeach irtermel lary 12| ;gjverl(djp)ijJp; (%3]
L isthert

X =i =i
maXgsh . oot i HEITT + Qi%EXTLygst.  Q8)
jiZJi
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@; (. 5)520%) D Vesprob bm (P whend = [ F)yi055; (¢ jp)ijJp; 6 ian
Thede ritonofequibrium urer the d Perert asamptiorsonob wrvab ity oF

tral esBr ecorom esw ith gmmetrec iNbrmatonare a raightBrwar exterson
oftho= Br ecorom esw ith agmmetrc iNbrmation.

3.Corvercene

We begrnby show irgthat corvergerne ab aysho I sw heninbrmatonisgmmet-
re (ie-e®ort iscommoridyob rvab k), Breach ofthe above possh Bassmptors
about the ob rvab ility oftrad es.

P ropogatonl . W henel®ort ispw k b/ ob wrvab E, there exdtsa urque com-

petitive equilb rium , w here a Baggrisun ertake the hich Iavelofg@ort ann Ol
irgre, at Kir odd S(ie- the cormmptiona beatiorssitisly S = R

Forl sk certly hrege,equilb ria w ith grategr irtermed aries bra lthe assmp-
tiononob wrvab ility oftrad es are characterezed by the ssme albcatiors.

T he exadenie (ari infct the P areto optmality) ofsch equibria ismmed ¢
ate, gventhe amp kb druture ofthe ecoromy. Smikrly, corvergerne Tbw shy
adarnand (Bertrari- Bke”) argmert: asbrgasl _ 2 irtermel Breesw ilab ays
choo= to 18k cortractso®erirg il irsrane, conl itiorally onhigh e®ort, at
Hir prres ari ro other cortract w illbe traded -

W here®ort isprivate lyob rvel grategr equilbria w ithcomp Ete ob =rvab il
ity offtrad esd o corverce to competitive equilbria w ith agmmetre iNBrmation
art ronlrear prres.

P ropositiorn? T here exigsa urique, inenive e+ ¢ iert,competitive equilb rium®
w ith ronlrear prresw here alaceris uiertake the hich Bvelofe®ort ani
achkeve partialirgrarne. For | sk ckertly hrge, allequibria w ith grategr
irtermed lariesari comp kte ob wrvab ility oftral esa b spport the sme albca-
tion

8Strictly spesking, there are alko other e ibria, with an unEirprice @ e. 22%"; & 1/1/(8%
and no track an the aotracts aotingaitan a hich bwel ofeRort. Sudh eq,llbnaltn,gﬁae
not idbust o any e namantin the spiritofttrembling hand perectian G260 ale (992)).

%1 this Gase too other eqpi ibria with non-inear prices exist. H onever, anly the incantive
etdentequiibrium satis es a rambling hand™re nementgsee ageint ake (992).
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ProoE Let e(¢¢ jw' ;& §jwh)be the map desribirg the agens optimal
chore ofe®ort, Br ary possb B Bvelofret trai es. INnthe famework ofFthe
ecorasmy urder examiraton thismap iswellie rad ari Srgk-valel (except

at ore poirt w here agans are mi Rerert |rh§he e®ort chore). Cordl er then
the priirg Bntioralqg e(c"& iwh ;& gwh) ; it isimmel iate to e that this
prergBntorakorgituesa competitive equilb rium w ith rorlirear prres an

d ecertralzesthe irertive et ciert albcation. Turirg rext to the equilbrium

w ith gratege inermed mriesbya amibr argumert asirP ropogtonl,asbrygas
thereare | =2 irtermel mries theyw illab ayschoo< to Isse ext Lave cortracts
o®erirgpartie lirgrane, at the inertive ez ciert Bvelan i uirga high kvel
ofeRort .

We willshow rext that srategr equilbri with ro ob rvab ility oftrad es
do corverce to competitive equilbria w ith agmmetrr inBrmationan b -ask
Preal s. For thiswe cordl er rg w hat are the propertiesoftompetitive equi
brawithbi-adkpreal s. k soul be ¢ kar, gventhe amp b sruture ofthe
ecoramy art the seci catibnofonractsavaihb k to ageris that competitive
equibria with b i -ask @real 5 fithey exas, canoriy be ofthe Hbw irg three
tyes

1_.equibriawith by ePort ari Eillirgrane (ie.¢ = &= 4Ow" + (1 i
L@)IWL); pucthasi at the Firprteqi(H )= %@®);q (L) = 1 §%D);

2 equilbria with ro trad e ari high e®ort (ie. ¢ = wh ;&= wh;e = a);

3. mbel "equilbria, where a Factionofthe agerisinthe popuktone>ert
high eRort, w hik the otherse>ert bw e®ort,art both b uy rerane, at the

- - ; ; H - _ H - ; -
sme prie (ie- @) < w' & < whiEEP = ILO): thoudh in
d Berert amourts.

INB Nan ¢ ottard 1(1997) it isshow Nithat a competitive equilb rium ab ays
exags inthis st-W, ari a comp kte characterzatonisproviiel ofthe st oF
equilb ria Br the varibusregorsofthe parameter gace - :

Propogaton3.For | sk certly hrege, allgrategr equibria w ith ro ob rv-
ab ility oftrad esare characterzel bythe same albcationascompetitive equilbria
withb i -ad<pread -

12



Aagpin the prooFEbw shya smp B Bertrari competitiori argument.

0 Nthe other hara,we w ilrow show that w henthere iIsagmmetrc irnbr-
mationart roe ob wrvab ility ofother trad es corvergere to competitive equilb -
rewithbi-asdkk 9preal may rot holl - Inother worl 5 w henirtermel mriescan
mMpo< anuwpper bourd regrrtioNnonageris trad esw ith them sk bes they can
e>p bit thisredrrtionto prod ue a barrier to the ertry ofother irtermel Bres
thereby ob grutirg corvercernie ofdrategr equilb ria to competitive equibria
withbi-adkpreal s.

Note that the irtermel iBries ab ility to corgrut barriersto ertry by exp bit-
irg ther iNbrmatonNonagens tral esvarihes inthe Imit Br the rumber ofF
irermed \ries| teri irgto iNrity, inecorom iesw ith s/mmetrc inNfrmationNn(as
show NiNP ropogtionNl), aswelasinecorom esw ith comp Bte ob <rvab ility oF
tral es (P ropogtion? ). Il oreover, iNthe ¢ hssofecorom iesw ith ad vere s k-
tiondu el by B sl artimort-Rochet (1997), barrersto ertry ab varish in
the Imit ard the corvergere to competitive equilbrium albcatiorsw ithb o -ask
Preal sobtain

To show that corvercerne may Eillinecorom kesw ith ro ob srvab ility ofother
tral es we Bcusour attertonhere onthe equilb ria Br a b st ofthe parameter
Pace:

Lemma 1 _T here exddsanopenst ofecoroamkesj ¥2- srh that Braryecon
omy inj theorllycompetitive equilbria w ith b Il -adk pread sare either equilb ria
w ith ro trad e ard hich eRort, or mbed "equilbria .

P rooET he proofisimmed iate. Let | = f@);v();%@);%G);w" ;wt 2-

WO RIEN
@A i k@)Wt

IS 7C) NN WL Gy
V@) TV 4@ FE ) 1 A @) FGA ) <
L -14 14 H = ¢
@ 1) O @ FED) o + @ ai@t

k isgraichtBrwart to checkthat | 6 ;:The rd irequalityde rirgj imp ks
that, fagens eRort Bvel is high, their optimallchore oftrale iNnirgrane
cortracts at the prekesqgi(H ) = %(M);qg (L) =1 §%®);g H )= %@);q" L) =
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%(@); iszero (ie-ro trai ) -T he scorni iregque ity thensysthat, at thes prres
acenispreEr to exert a hich kvelofe®ort (ara herne a zero Bveloftraie N
irgrane cortractg to a bw e®ort Bvel ari the optimal Bveloftral esinthat
ca, ie - DOllirgrane . Herne Br ecorom kesinj competitive equilbria w ith bw
e®ort d o rot exas - Sine,bythe argumert iNB I9Nan ¢ ottard 1 (1997),we krow
that competitive equilbria w ith b 1l -preal sabaysexast,we corn i e that orly
ro trad e equilb ria w ith high eRort, or mbel "equilbria, exig iNthisregoNm

T he ©bw irgresul thenshow sthat Br aropenst ofecorom keshavirga ron
empty irtersctionw ith the st ofecorem esw hos competitive equilbria have
beencharacterzel INLemma 1, arn Br | krge, ro equibrium w ith grategr
inermel lariesari ro ob wrvab ility ofother tral escanbe T bs" to ary ofthe
competitive equilbria with b -adk Pread , ie- that corvergere ( oesrot holl -
I ore prec il

P ropogatornd _For anopensb <t ofecorom iesrv equilb rium w ith grategr
irermel lriesart rov ob wrvab ility ofother tradescorverggs Br1 ! 1 ,toa
competitive equilbrium withb i ad<preal s

ProoE

T he proofisoraarezel INbu maiNngeps.

Inthe rg three gepsthe resul isedab el Br the ca irw hich the agenis
al missh b portBlo chokesare regricted to ke inthe =t | 2 ;1g7; ie.aggns
are rot albwed to buy Factorsofthe cortractsissel - Step 1 show sthat there
isthere isarnopen roRempty sbh <t j °%%- ofecorom ies Br each ofw hich there
exagtsa ronRempty st ofcoramptionabcators(l Rerert fom the eri ow mert
poirt) w ith the property that ageris at thos albcatiorsg prefr to exert the
hich eRort Bvelani rot to trade arycortract o®erirgs.pp Emertalirgrane at
the rate %("b@ -Futhermore, we show that the irtersctionofiw ith the st
characterized) iNnLemma 1, isal® ronRempty ar open

INthe reg ofthe argument it isshow Nthat, 6r alecorasm ksinj® althe
Nash equilb ria w ith grategr irtermed mriesared Rerert, Br1 hrge erough,both
Fom the ro trad e equilb ria w ith high e®ort ard the mibel *equilb ria - Sinne, by
Lemma 1l,thecompetitive equibriaw ithb il -ad<preai ofalecorom esinNj can
orlybe ofeither ofthe= two types it T bw sthat, Br aBecorom esinj \ i ro
drategr equilb rium corvergesto a competitive equilbrium w ithb il -ask preal s.
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INStep ? it isshow Nthat Br alecorsmiesing \ % a zero kveloftral e
(v ith high e®ort) carvot be anequilbrium w ith Srategr irtermel Bries Ifl
isstciertly hrge. Thiswillbe edab kel by provirg that at the ro trale
abcationthere are cortracts w hich rfo®ered ,woul Eal the ageristo a gdrrtly
prefrrel albcation(ie. woul be acceptel ) ard woul make pogtive pro ts.
Thusthere exaitsa pro tab B deviatbn 9 the ro trai e albcationcarrot be
apported asanequilbrium _ T he comp katobninthe argumert comesfom the
fict that we have to show that pro tab kB d eviatibrsexis eveninthe presne ofF
“htert conrtracts, ie. rontrivialcortractsw hich are rot tradel at equilbrium,
bu phy a rok ind eterrirg ertry, or the proposa lofother cortracts!’ INStep
3 it isthengow Nthat the ssime resul istre Br the albcationat a 'mbel *
equilbrium

Firall, inStep 4 we show that the resull obtairel above exterd sto the cas
iNw hch agerisare abwel to tral e Factorsofthe cortractso®ered , 1. their
almissh B portblo chores ke inthe st [0;1]:

Step 1-Let Abe the st ofpairs(c¢;¢) _ 0 srh that
¢ _wh
1iv@ - iw'— 1i%0®)

@) ¢ jwt % (b)

T hisisa =ctonofa core w ith vertexat the eriow mert poirt ari bournary (e
“red bythetwo Eresw ith shpe, reppectively 1252 an 252 which @ through
the erdow mert poirt (ie-the zero pro t bei®r highargk by e®ort respectivel));
e Figure 1. ABcortractsinA sch that 8 =L 2 1121261(;‘); 11‘/42,?) w ilmake
podtive pro tsife = a; recative pro tsife = b.

Derote thenby B the st ofpairs(¢&;¢) _ 0 schthat

K@ HE)+ Q iH@)HS) iv@E) - F®CE + L i%O)S) ivD) (B1)

T hisregonil erti esthe <t oftormmptionalbcatiorsw here agerispre®r to
e>ert high eRort, ari are rot wilirgto buy add tioralcortracts o®erirg them

104 elnig (983) hes ~ 1stshoan in a similar ssteup how equilibrium allocatias with high
eRort el can be saustained by the presence of Elentaaracts™_SeeB isiné uatol (998)or
adaraderization ofsudh eguilibria.
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fillirsrane, at the rate (1 j % (©)=%®)"* :Rew rite irequa ity (31) asThw s

M @ Mo il
pTiv@ ivle @A in@)+ %O P

k canbe eaglveri el that ifthe Tbw irgcon itionhol s

H whQ i %)

1/4(a)'IT
v@) ivh) < @) h A ik@) R i%@)

#(0)
the £t B isa renemptycore w ith vertexat the origim. Furthermore, the b our -

ary ofB isgvenby two raysthrough the originw ith sbpe ®4;®,; both grctly
geater thanore,w hch are obtaire! as= Ltbrsofthe equator

pFi(v@) ivgE)' ® = 1 i4®)+ 4O @)

ie.E=¢2[0;0;]) (¢&;E)2B -SeeFigue 1.
Let j9%%- bede rad by the st ofparameter valesw hih sitisfy (32) as
welasthe Obw rgad d itioralconl itiort

) (32)

wh=wlt > mir®,;0,9 (€)c))

Ik isimmel iate to e that the st j % isopen renempty. Futhermore, Br ary
ecoromy w hos parameter vales ke inj°the sbstsA ani B ofthe ace ofF
albcatiorsiesribel above have a ronempty irtersctionw heh isi Rererat fom
the drgktonst corairirgorly the erdow mert point fv" ;wtg_Recalirgthen
the characterzatbnofthe <t | gveninlemma 1, we canal sy that Br
ary ecoromy iNj the eri ow mert poirt isanirteror poirt ofthe <t B ; @ that
A\B 6 ;;A\B 3fw" ;wtg; herne ary sth ecoramy al® bebrgsto the st
iSorj ¥%i%

Step 2. We willshow “r< that, 6r alecorsmiesini \ j° there isrv equi
brium INwhch aBagerisremainat their erdow mert poirt (ie. there isro
trad e) - Sirne Br s£h ecorom kesthe eriow mert poirt bebrgsto the irterior oF
B ,atarotrai e albcationagerischoo e®Rort a:At arypoirt ofA\B (asirnary
poirt ofurl erirgrane) the ageris margrallrate ofabh situtoNis(inab < Lte

1 the agants ware 1o buy these additianal aontrects, their aptimal ddce of eRort would
dmMaslybee=h

16



vaLe) geater than(l j %@))=%(a) - Herue there are albcatiorg iNthe inerior
0FAN\B ;whrh are grctly prefrrel by ageris= that, rfro other rontrivial
cortract iIsissed , there are alb® cortractsw hch rfpropos! woull make pogtive
pro ts

To comp kte the argumert Br thiscas we reel to show that a pro tab b
i eviatbnexagsevenifthe ro tral e albcatibnobtairsw hen ktert cortracts
are iIss el - Sine the eriow mert poirt bebrgsto the inerior o8 ,arycortract
arhthat (3 =3 = (1 §%())=% () isineel a possh B htent"cortract, asit
sitis esthe cort itibnofrot beirgtrad el at the erd ow mert poirt _How ever sxh
cortract willa® rot be trad el at aryother poirt INA\B ; thusit carrot d eter
the pro tab Bdeviationdesribel above.

We # illshow 1@xd=that ro other cortract, 1e. ro cortract w ith payo® srh

that § 3 =3- 2 11‘/412;;);1%()“) - isanai missb B htert” cortract - Hch

cortract isschsthat wh + (356 wh + (3 there a b aysexdigsarother cortract,

with payo® § % =3 2 (W =300+ 2 ; Fr sme snallZ > 0; sxh

that acerissritly pre€r to trad e both cortract ¥ ;d3-) arn @ ;¢3-); ari
e>ert the by e®ort, @ the irtermed iries issiirg @ ;(3%) woul make recp-
tive pro ts(w hik tho= issiirg (" ;¢#-) make posgtive pro t9 Y Hene isiry
cortract @ ;¢3-) isret anoptimalchoie ofanirermel iary. 0 Nthe other
hari ifw" + @3 = wt + (3. there isalaysaruther cortract, aswe akeal y
argel above, spportirganalbcatoNninAN\B ,whrh isdrrctly pre€rrel by
the acernt; henie issiirg sch a corract, rather than@ ;¢3-); woul albw the
irtermed \ary to ob tainhigher (postive) pro ts. Note that thisistrue w hether or
rot the “htert" cortractsw ith payo® (3 ;) are abo issel _I oreover, evenif
the cortract (¥ ;¢3%) is k" amorgary  rite rumber'3 ofirtermed farieseach
issuirga Ffactiorofit,apro tab Bdeviationgillexdss. Ary irntermel ary issuirg
a Factiorofithe cortract canirvlct attainhigher pro tshy issuiry, irgeal ofthis
Factionaproperlyskctel cortract spportirganealibcationinAXB _T hiscom-=
p Etesthe arg.ment that cortractsw ith payo®s j (¥ =(¥- 2 L@ 170
are rot al missbh B htert” cortracts.

2Tae @H;d* )oRaingpaitive insurance ata rate sigitly hiderthen ¢ % @) ©if
wi+ 35 > w + @ ; arnecative insurance ata rate sligitly baerthen ¢ § 4 O): @) if
wi+ @H< w + dt:

13\ e shaud pdntaut that ako in the Imit ase, when 1= 1 ; the same aondlsian holds,
though by aslichly d@entargumant.
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Step 3. We willshow rext that ro equilbriun exagsw here a factionofthe
acenischoo= a high ari the othersa bw EBvellofe®ort, b oth b uy Irgrane an

the cormmptibna bcatbrssitisk the conl itionvg(t‘,)‘iﬂw({’) = Vg(;)‘?w(i) (ie-they
both e onthe sme Ere, giry through the erdow mert poirt (WH ;wh-)):zE vi
lertl, Nnthisca agerismud be ird Rerert betw eenthe two e®ort Bvelba;b

an the asmc iatel albcatios (¢ @); @), (¢ (); &[)) -l oreover, it mus be

whHid@® - whid@ 1i%@).1i%® 14 - -
that é(t',)iWL = é(;)iWL 2 1'/4(a) ; 1'/4@ :Byeserinly the s me argumert

asthe ore us! INStep 2 we canshow that iFE ) 6 ¢O) a pro tab Bdevia-
tioNn(gvenby a cortgact o®erirgad ( itioralpogtive, or recative, irgrane at a

: : w i @. Li%®) . .
rate iNthe irterval c*:(tl>)iw'-’ 1'/4@ +2 ;2> () exads. £ onthe other hari,

E O = EO); there isabaysarether albcationw hih isgrictly prefrrel to
(¢ (@); @) by agerismakirg hich eRort'®, ie.a pro tab b ( eviationexdgsin
thisca<e too -Herne rv equilbrium w ith both Bvelbofe®ort chonexatseither -

Step 4 . Firall, we show that the resuk exteri sto the ca inwhth trad irg
offactorsisab albvel - ThisThhysimmel iately fom the ob rvatonthat
rore ofthe pro tab B deviatbrswe cordl erel requiresa mirimum invish b
quartity to he puthasi by ageris. T he pro tab ility ofa cortract d eperd sin
it orly onitsrate (3 =B~ ; the ma>analamourt oFirgrare o®ered , ari

the eRort cho:nby ageris. Ant arycorsamptonabcationgrtl/pre€rrel to

the origralcar  ate albcatiorwoull gillbe pre€rrel to a corvexcomb iraton
ofthetwo.

Asdhov Nnby B iIgnarn ¢ waitol (1998), anequibrium (posb Iy iNnm ped
drategegw ith drategr irntermed Briesa b aysexad ; irpartc ubkr, Brallecorom ks
inj \ j °a pure grategy equilb rium w ith hich e®ort ari a reraero kvelloftrad e
exits(ze ald Helhv 19 (1983)) T he read er w illrealze that the argumertsab ove

YISO — wWoic @ LIt e cotrects wauHmakepasitivepro s, butapio bk
deviation exdsts, gven by antracts aearing a sigitly higher payaR®in both states. W hen the
inequality hols in the qppaste directian the aatracts make necative piro ts.

SIFE @x¢ @)2A\B ; agerts strictly prefrobuy additianal insurence, atarate S

0 nthe atherhand, when @' @x¢ @)P2A \B itis alnays passibke, since g’*(;f: O 1;1/(45‘);

tomowe siditly uypward and 1o the rigitin the regan A \ B , and™ nd so an allocatiaon strictly
prefrred © C'@x¢ @)-
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mp Iy that mpel grategy equilb ria carvot corverge, Br the rumb er ofirterme-
i laries| girgto inrity, to d ecererate equilbria w ith w ith ro trad e, or m be
equilbria w ith both e®Rort Bvelbchosn
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