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ABSTRACT
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1 INTRODUCTION

The possibility of a systemiccrisis affecting the major financial markets hasraisedregulatory concern
all over the world. Whatever the origin of a financialcrisis, it is the responsibilityof the regulatory
body to provide adequatdire walls for the crisis not to spill over otherinstitutions. In this paperwe
explorethepossibilitiesof contagiorfrom oneinstitutionto anotheithatcanstemfrom theexistenceof a
network of financialcontracts Thesecontractsareessentiallygeneratedrom threetypesof operations:
the paymentssystemthe interbankmarket andthe marlet for derivatives! Sincethesecontractsare
essentiato thefinancialintermediariesfunction of providing liquidity andrisk sharingto their clients,
the regulating authoritieshave to set patternsfor Central Bank intervention when confrontedwith a
systemicshock.In recentyears the 1987 stockmarket crash the Saving andLoanscrisis, the Mexican,
AsianandRussiarcrisesandthecrisisof theLong TermCapitalManagemenhedgefund have all shavn
theimportanceof theinterventionof the CentralBanksandof the internationaffinancialinstitutionsin

affectingthe extent, contagionpatternsandconsequencesf the crises?

In contrastto the importanceof theseissuestheoryhasnot succeedeget in providing a convenient
frameawork to analyzesystemicrisk soasto derive how theinterbankmarketsandthe paymentsystem

shouldbe structurecandwhatthe Lenderof LastResort(LOLR) role shouldbe.

A goodillustrationof thewedgebetweertheoryandreality is providedby thedepositshift thatfollowed

1 Thereis ampleempiricalevidenceon financialcontagion.For a suney seede BandtandHartmann(1998). Kaufman(1994)

reviews empiricalstudiegshatmeasureheadwerseeffectson banks’equityreturnsof default of amajorbankandof asovereign

borrover or unexpectedncreasen loan-losgprovisionsannouncedy majorbanks.Othershave studiedcontagiorthroughthe

flow of depositySaunderandWilson 1996),andusinghistoricaldata(Gorton1988,Schoenmadr 1996,andCalomirisand

Mason1997). Whateser the methodologythesestudiessupportthe view thatpure paniccontagionis rare. Far morecommon
is contagionthroughperceved correlationgn bankasseteturns(particularlyamongbanksof similar sizeand/orgeographical
location).

2 A well known episodeof nearfinancialgridlock wherea coordinatingrole wasplaid by the CentralBankis representethy

the seriesof eventsthe day afterthe stockcrashof 1987. Brimmer (1989 pp.14-15)writes that”On the morningof October
20,1987,whenstockandcommoditymarketsopeneddozenf brokeragefirms andtheir bankshadextendedcrediton behalf
of customerd¢o meetmagin calls,andthey hadnotrecevedbalancingpaymentghroughthe clearingandsettlemensystems.
[...] As mamgin calls mountedmong centerbanks(especiallythosein New York, Chicago,and SanFrancisco)were faced
with greatlyincreasedlemandor loansby securitiefirms. With aneye ontheir capitalratiosandgiventheir diminishedtaste
for risk, a numberof thesebanksbecamencreasinglyreluctantto lend, evento clearly creditworthy individual investorsand
brokeragefirms.[...] To forestalla freezein the clearingandsettlemensystemsFederalResere officials (particularlythose
from the Boardandthe FederaResere Bank of New York) urgedkey mone/ centerbanksto maintainandto expandloansto

their creditworthy brokeragefirm customers.



the distressof Bank of Creditand Commercdnternational(BCCI). In July 1991,the closureof BCCI
in the UK madedepositorsvith smallerbanksswitchtheir fundsto the safehaven of the big banks,the
so-called’flight to quality” (Reid1991). Theoreticallythis shouldnot have hadary effect, becausdig
banksshouldhave immediatelylentagainthesefundsin theinterbankmarket andthe smallbankscould
have borraved them. Yet the reality was different: the Bank of Englandhadto stepin, to encourage
the large clearersto help thosehit by the trend. Somepackagesadto be agreed(asthe £200m. to
the NationalHomeLoansmortgagdender) thussupplementinghefailing invisible handof the marlet.
Sofartheoryhasnot beenableto explain why theinterventionof the LOLR in this type of eventswas

important.

Our motivationto analyzea modelof systemicrisk stemsfrom boththe lack of atheoreticaketup, and
the lack of consensusn the way the LOLR shouldintervene. In this paperwe analyzeinterbanknet-
works, focusingon possibldiquidity shortagesndonthe coordinatingole of the FinancialAuthorities
- whichwe referto asthe CentralBankfor short—in avoiding andsolvingthem. To do sowe construct
a modelof the paymentflows thatallows usto capturein a simplefashionthe propagatiorof financial
crisesin anervironmentwherebothliquidity shocksandsolvengs shocksaffect financialintermediaries

thatfund long terminvestmentsvith demandieposits.

Weintroducdiquidity demandendogenouslipy assuminghatdepositorareuncertairmboutwherethey
have to consume.This provides the needfor a paymentssystemor aninterbankmarket3 In this way
we extendthe modelof FreixasandParigi (1998)to morethantwo banks,to differentspecificationsf
travel patternsandconsumerspreferencesThe focusof the two paperds different. FreixasandParigi
considerthe trade-of betweengrossand net paymentssystems. In the currentpaperwe concentrate
insteadon system-widdinancialfragility and CentralBank policy issues.This paperis alsorelatedto
Freeman(1996a,b).In Freemangdemandfor liquidity is driven by the mismatchbetweensupply and
demandof goodsby spatially separate@gentsthat wantto consumethe goodof the otherlocation, at
differenttimes.If agentstravel patternsarenot perfectlysynchronizeda centrallyaccessiblénstitution

(e.g.aclearinghouse)may ariseto provide meansof paymentsThis allows to clearthe debtissuedby

3 Paymentneedsarisingfrom agents’spatialseparatiorwith limited commitmentanddefault possibilitieswerefirst analyzed
in Townsend(1987). For the main theoreticalissuesrelatedto systemicrisk in paymentsystemsseeBerger, Hancockand
Marquardt(1996) and Flannery(1996), for an analysisof peermonitoring on the interbankmarlet seeRochetand Tirole

(1996)andfor ananalysisof the maininstitutionalaspectseeSummerg1994).



the agentsto backtheir demand.In our paper instead,liquidity demandarisesfrom the strat@ies of

agentswith respecto the coordinationof their actions.

Ourmainfindingsare,first, that,undernormalconditions a systemof interbankcreditlinesreduceghe
costof holding liquid assets.However, the combinationof interbankcredit andthe paymentssystem
make thebankingsystenproneto experiencgspeculatie) gridlocks,evenif all banksaresolvent. If the
depositorsn onelocationwishing to consumen otherlocationsbelieve thattherewill not be enough
resourcedor their consumptiorat the locationof destination their bestresponses to withdraw their
depositsat the homelocation. This triggersthe early liquidation of the investmentt the homelocation,

which, by backwardinduction,makesit optimalfor the depositorsn otherlocationsto dothe same.

Secondthestructureof financialflows affectsthestability of thebankingsystemwith respecto solveng
shocks.Onthe onehand,interbankconnectionenhancehe "resilieng/” of the systemto withstandthe
insolveng of a particularbank,because proportionof thelosseson onebanks portfolio is transferred
to otherbanksthroughtheinterbankagreementsOntheotherhand,this network of crossliabilities may
allow aninsolvent bankto continueoperatingthroughthe implicit subsidygeneratedy the interbank

creditlines,thuswealeningtheincentivesto closeinefficient banks.

Third, the CentralBankhasarole to play asacrisis manager”Whenall banksaresolvent,the Central
Bankssrole to preventa speculatre gridlockis simply to actasa coordinatingdevice. By guaranteeing
thecreditlinesof all banks,the CentralBankeliminatesary incentve for earlyliquidation. This entails
no costfor the CentralBanksinceits guaranteearenever usedn equilibrium. Wheninsteadonebankis
insolventbecaus®f poorreturnson its investmentthe CentralBankhasarole in the orderly closureof
thisbank.Whenabankis to beliquidated the CentralBankhasto organizethe bypassof this defaulting
bankin the paymentnetwork and provide liquidity to the banksthat dependon this defaulting bank.
Furthermore sincethe interbankmarket may loosenmarlet discipline, thereis a role for supervision
with theregulatoryageng having theright to closedovn abankevenif this bankis not confrontedwith

ary liquidity problem.

Fourth,whendepositordhave asymmetrigpaymentneedsacrossspacetherole of the locationswhere

mary depositorsvantto accesgheir wealth(money centerlocations)becomesrucial for the stability



of the entire bankingsystem. We characterizeghe too-big-to-fil (TBTF) approachoften followed by
CentralBanksin dealingwith the financialdistressof money centerbanks,i.e. banksoccupying key

positionsin theinterbanknetwork system.

Theresultsof our paperarecloselyrelatedto thoseof Allen andGale(1998)wherefinancialconnections
arise endogenoushpbetweenbankslocatedin differentregions. In our work interregional financial
connectionsarisebecausalepositordaceuncertaintyaboutthe locationwherethey needto consume.
In Allen andGale,insteadfinancialconnectionsariseasaform of insurancewhenliquidity preference
shocksare imperfectly correlatedacrossregions, crossholdingsof depositsby banksredistriute the
liquidity in theeconomy Thesdinks, however, exposethe systento thepossibilitythata smallliquidity
shockin onelocationspreadio the restof the economy Despitethe apparensimilarities betweenthe
two modelsandtherelatedconclusiongointing at the relevanceof the structureof financialflows, it is
worth noticingthatin our paperinsteadwe focuson theimplicationsfor the stability of the systemwhen

onebankmaybeinsolvent.

This paperis organizedasfollows. In section2 we setup our basicmodelof aninterbanknetwork. In
section3 we describethe coordinationproblemsthatmay ariseevenwhenall banksaresolvent. In Sec-
tion 4 we analyzetheresiliengy” of the systemwhenonebankis insolvent. In Section5 we investigate
whetherthe closureof onebanktriggersthe liquidation of others,andwe shav underwhich conditions
theinterventionof the CentralBankis neededo preventadominoor contagioreffect. Section6 provides
anexampleof asymmetridravel patternsandits implicationsfor CentralBank intervention. Section?

discusseghe policy implications,offers someconcludingremarksandpointsto possibleextensions.



2 THEMODEL

2.1 BasicSetUp

We consideran economywith 1 goodandN locationswith exactly onebank in eachlocation. There
is a continuumof risk-neutralconsumersf equalmass(normalizedto one)in eachlocation. There
arethreeperiods:t = 0,1, 2. The good canbe either storedfrom one periodto the next or invested
Eachconsumeis endavedwith oneunit of thegoodatt = 0. Consumergannotinvestdirectly but must
deposittheirendavmentin thebankof theirlocation,which storest or investsit for futureconsumption.
Consumptiortakesplaceatt = 2 only. Thestoragaechnologyieldstherisklessinterestratewhich we
normalizeat 0. Theinvestmenbf banki yieldsa grossreturnR; att = 2, for eachunit investedatt = O,
andnot liquidatedatt = 1. At t = 0 the bank optimally chooseghe fraction of depositsto storeor
invest. The depositscontractspecifiesthe amountc; receved by depositorsf they withdraw att =1,
andtheirbankis solvent. At t = 2, remainingdepositorequallysharehereturnsof theremainingassets.
To financewithdrawals att = 1 the bankusesthe storedgood, andfor the partin excess liquidatesa
fraction of the investment. Eachunit of investmentliquidatedatt = 1 givesonly a units of the good

(with a = 1).

We extendthis modelby introducinga spatialdimension:a fraction A = O of the depositorgwe call
themthetraveles) mustconsumeatt = 2 in otherlocations.Theremaining(1 —A] depositorgthenon
traveles) consumeatt = 2 in thehomelocation.Soin our model,consumersreuncertairaboutwhere

they needto consume.

Ourmodelis in the spirit of DiamondandDybvig’s (1983)(hereafteiD-D) but with adifferentinterpre-
tation. In D-D, risk averseconsumergresubjectto a preferenceshockasto whenthey needto consume.
Thebankprovidesinsuranceby allowing themto withdraw att = 1 but exposestself to therisk of bank
runssinceit fundsanilliquid investmentwith demanddeposits.Our modelcorrespondso a simplified

versionof D-D wherethe patientconsumersnustconsumeat homeor in the otherlocation(s)andthe

4 This uniguebankcanbeinterpretedasamutualbank,in thesensehatit doesnothave ary capitalandactsin thebestinterest
of its customers.



proportionof impatientconsumerss arbitrarily small. This allows us to concentrateon the issueof
paymentsacrosdocationswithout analyzingintertemporainsurance Our focusis on the coordination
of theconsumersf thevariouslocations andnot on thetime-coordinatiorof theconsumersatthesame

location?

Sincewe analyzeinterbankcredit, the good shouldbe interpretedas cash(i.e. CentralBank monsy).

Cashis aliability of the CentralBankthatcanbe movedat no cost,but only by the CentralBank®

If we interpretour modelin termsof paymentsystemghe sequencef eventstakesplacewithin a 24-
hour period. Thenwe could interprett = 0 asthe beginning of the day t = 1 asintraday t = 2 as
overnight,andtheliquidationcost(1 —a] asthecostof (fire) sellingmonetaryinstrumentsn anilliquid

intradaymarket.’

We assumédhatR; is publicly obserableat t = 1. In a multi-periodversionof our model,R; would be
interpretedasa signalon banki’s solveng thatcould provoke withdrawals by depositorsor liquidation
by the centralbankatt = 1 (intraday). For simplicity, we adopta two period model,andwe assume
herethatthe bankis liquidatedarnyway, eitherat t =1, or at t = 2. Noticethatevenif R; is publicly
obsered at t = 1 (we malke this assumptiorto abstractfrom asymmetricnformation problems)it is
not verifiable by a third party at t = 1 (only ex-post,at t = 2). Thereforethe depositcontractcannot
befully conditionedon R;. More specifically theamountc; recevedfor awithdrawval at t = 1 canjust
dependon the only verifiableinformationat t = 1, namelythe closuredecision.We denoteby Dy this

contractuabmount in the casewherethe bankis not closedatt = 1. On the otherhand,wheneer the

5 The demandablelepositfeatureof the contractin this modeldoesnot rely necessarilyon intertemporainsurancebut may
have alternatve rationales For exampleCalomirisandKahn(1991)suggesthattheright to withdrav ondemandaccompanied
by asequentiaberviceconstraintgivesinformeddepositorsa crediblethreatin caseof misuseof fundsby the bank.

6 Modelsin the tradition of Diamond-Dylvig have typically left the characteristicof the onegoodin the economyin the
mist. Thisis all right in amicroeconomicset-up but the modelhasmonetaryimplicationsthatleadto a differentinterpretation
dependingnthefactthatthegoodis mone or not. In particularif thegoodis notmoney, but for examplewheatthenWallace
(1988)5 criticism applies.In otherwords,if thegoodwasinterpretedaswheatwe would have to justify why the CentralBank
wasendaved with a superiortransportatiortechnology As we assumehe goodto be mongy, it is the factthat commercial
banksuseCentralBankmoney to settletheir transactionshatgivesthe CentralBankthe monopolyof issuingcash.Therefore
the possibility to transfermone/ from onelocationto anothercorrespondso the ability to createanddestry money. Notice,

alsothatinterpretingthegoodascashimpliesthatcurreng criseswhich areoftenassociatedvith systemiaisk, areleft out of

ouranalysis.Thisis sobecausécash”is thenlimited by thelevel of reseresof the CentralBank.

7 Sincebanksspecializein lendingto information-sensitie customers1-0 canalsobeinterpretedasthe costof sellingloans
in the presenc®f lemonsproblem.

8 This amountresultsfrom ex-anteoptimal contractingdecisiongthat could be solved explicitly. For concisenessye take Do



bankis closed(whetheratt = 1 or att = 2) its depositorequallysharets asset§seeAssumptionsl and

2 belaw).

In orderto be more explicit, it is worth examiningthe characteristic®f the optimal depositcontract
in the D-D modelwhenthe proportionof early dierstendsto zero. This provides a usefulbenchmark
for measuringhe exposureof the interbanksystemto market disciplinein our multi-oankmodel. Let
| denotethe proportionof early diersandu be the Von NeumannMorgensterrutility function of de-
positorswith U = 0 andu* « 0. The optimal depositcontract(c;, c;] maximizesuu{cy] + {1 — pju{cy]
underthe constrainuc;, + (1 — pjcofR= 1. Togethemwith the budgetconstraintthis optimal contractis

characterizedby thefirst ordercondition:
(fcy) = Ru{cy). (1)

When 1 tendsto zero, it is easyto seethat ¢, tendsto R SinceR = 1 and U’ is decreasingwe see
immediatelythat Dy = R. Thereforeif the bankis known to be solvent no depositorhasinterestto

withdraw unilaterallybeforehe or sheactuallyneedghe money.

2.2 Generalformulation of consumptionacrossspace

Travel patterns thatis which depositortravels andto which location, are exogenouslydeterminedoy
natureatt = 1 and privately revealedto eachdepositor They resultfrom depositors’paymentneeds
arisingfrom otheraspectf their economicactvities. For eachdepositorinitially atlocationi, nature
determinesvhetherhe or shetravels andin which location j he or shewill consumeatt =2° To
consumeatt = 2 atlocationj [i# j) thetravelersatlocationi canwithdrav att = 1 andcarrythecash
by themselesfrom locationi to location j. Theimplicit costof transferringthe cashacrossspaces the

foregoneinvestmenteturnl® This motivatestheintroductionof creditlines betweerbanksto minimize

asgiven. Noticethatif R; wasverifiable,Dg couldbe contingenton it andtherisk of contagioncouldbefully eliminated.

° More generally depositorsreceie shocksto their preferencesvhich determinetheir demandfor the goodindexed by a
particularlocation.

10 we couldalsoaddan explicit costof "travelling with thecash”(i.e. bypassinghe paymentsystem).lt would not affect our
results.



theamountof goodnotinvested.The creditline grantedby bank j to banki givesthe depositorsf bank
i goingto bank j theright to have their depositdransferredo location j andobtaintheir consumptiorat

t =2 asashareof theassetatbank j atdatet = 2.

A way to visualizethe credit line grantedby bank j to banki, is to think that consumerdocatedat i
arrive in location j att = 2 with a checkwritten on banki andcreditedin anaccountat bank j. Banki,
in turn, givescreditlinesto oneor morebanksasspecifiedoelon.!! At t = 2 thebankscompensatéheir
claimsandtransferthe correspondingamountof the goodacrossspace.Thetechnologyto transferthe

goodatt = 2 is availablefor tradesbetweerbanksonly.

To malke explicit the valuesof the assetsaandthe liabilities resultingfrom interbankrelationswe adopt

the simplestsharingrule, namely:
Assumption 1. All theliabilities of a bankhavethe samepriority at t=2.

Thisrule defineshow to divide banks assetatt = 2 amongthe claim holders.It impliesthatcreditlines

arehonoredn proportionto theamountof theasset®f thebankatdatet = 2. In particularif D; is theex

Bank Total Assés

postvalueof a (unit of) depositin banki, thenD; = Bank Total Liabilities

. Thisassumptionmpliesalsothat
the bankscannotdeterminethe locationof origin of the depositorsthusdepositordoecomeanorymous
andthe bankscannotdiscriminateamongthem. Notice thatmorecomple priority rulescould be more
efficientin theresolutionof liquidity crises.However, we assumehatthey arenotfeasiblein ourcontext:

thisis areducedorm assumptioraimingat capturingthelimitations of theinformationthatis available
in interbanknetworks. An additionalassumptions neededo describewhathappensn casea bankis

closedatt =1.

Assumption 2. If a bankis closedat time 1 its assetsare shaed betweerits owndepositos only.

Assumption2 simply meanghatwhenthe bankis closedattimet = 1, only its depositorshave a claim
onits assetsBankclosureattime 1 may comefrom a decisionof theregulator or from the withdrawals
of all depositors. Assumption2 implies that whena bankis closedat time 1, it is deletedfrom the

interbanknetwork.

11 For asimilar characterizationf creditchainsin the context of tradingarrangementseeKiyotaki andMoore (1997).



Let 1i; bethemeasuref depositordrom locationi consumingatlocation j, wherei cantake ary value
including j, andlet tj; be the proportionof travelersgoing from locationi to j, j # i (by definition,
ti = 0). Thematrix N thatdefineswhereconsumergo andin which proportionss relatedto the matrix

T of travel patternsoy:
N=[{1-AI4+AT 2

wherel = (5;);;, | is theidentity matrix, andT = [t;j};;. This specificationallows usto parameterize
independentlytwo featuresof the paymentsystem:A captureghe intensity of interbankflows andthe
matrix T capturesthe structureof theseflows. By definition, we have for all i, y;m; = 1. For the
sale of simplicity, unlessotherwisespecified(seeSection6), we will imposethe following additional

restrictions:
Assumption3. For all j. ;1 = 1.

In this way we discardthe supplyanddemandmbalancest a specificlocationasthe causeof a disrup-

tion in the paymentssystemor in theinterbankmarket.

Becauseof the compleity of the transfersinvolved in an arbitrary matrix M, we will illustrate our
findingsin two symptomaticcases:

— Inthefirstonetjj = 1if j=i+ 1andt;j; =0 otherwisewith thenotationakorventionthatN+1=1

To visualizethis caseit is corvenientto think thattheconsumerarelocatedaroundacircle asin Salops
(1979)model.All travelersfromi goto locationi + 1, the clockwiseadjacentocation,wherethey must
consumatt = 2. Thepaymentstructurdmplied by thistravel patterngeneratesshatwe defineascredit
chaininterbankfunding whenthebankatlocationi+ 1 providescreditto theincomingdepositorgrom
locationi.

— In the secondravel patternt;; = ﬁ with i #£ j. Eachtwo bankssvvapﬁ customersothatat
timet =2 atlocation]j thereareﬁ travelersfrom eachof the other{N — 1] locations.We will referto
this perfectlyisotropiccaseasthe diversifiedlendingcaset?

With credit chain interbankfunding credit flows in the direction oppositeto travel. With diversified

lendingevery bankgivescreditlines uniformly to all otherN — 1 banks.In termsof paymentsnecha-

12 The structureof the paymenftlowsin the creditchaininterbankfundingandin thediversifiedlendingis very similar to that
studiedin Allen andGale(1998).
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nisms,theinterbankcreditdescribedhbore canbeinterpretecasa compensatioschemegnetsystem)or

aRealTime GrossSystem(RTGS)with multilateralcreditlines.

Let usnow introducethe playersof the game,namelythe N banksandtheir depositors At t = 0 banks
decidewhetherto extend eachothercreditlines. In the absenceof creditlines, all travelershave to

withdraw att = 1, which reduceghe quantitythateachbankcaninvest:thisis whatwe call the autarkic
situation On the otherhand,in the generalcasewith creditlines, the value of final consumptionat

t = 2 is determiney a non-cooperatie gameplayedby the banks’'depositorsAt t = 1 eachdepositor
locatedati andconsumingatlocation j simultaneoushandwithout coordinatiordetermineshefraction
Xij of his or herdepositto maintainin the bank.Accordingly the percentagef investmentremainingat

location j wherehe or shemustconsumas

X; EmaX[l—Zﬂjktl—Xij%:O] : 3

Becauseof Assumptionl, the final consumptionof depositorsfi. j] resultsfrom a combinationof a
withdrawval attime t = 1 in banki (i.e. [1—X;j]Do) plus a proportionx;; of the valueatt = 2 of a
depositDj in bankj. To determinethe possibleequilibriaof the depositorsgame we have to compare
Do with the (endogenousyaluesof the deposits1.....Dy in all thebanksatt =2. Now, to determine

Di, considerthe balancesheetequationfor banki attimet = 2:

XR =+ mix;iDj= (znjixji"'znijxij) Di (4)
] ] ]

wherethe LHS (RHS) representshe assetqliabilities) of banki, XiR; is the returnon its investment,

5 ; Wix;iD; arethe creditsof banki duefrom otherbanks, {3 ; ;x;i} D; areits debtswith otherbanks,

andy ; ;% D; areits deposits Noticethat Assumptior2 impliesthatthe abore equationdoesnot apply

whenbanki is closedatt = 1. In thiscaseX;= D; = 0.

Theoptimalbehaior of eachdepositor(i, j] is xj = 14+ D;j = Do, ¥i, j. Sinceit depend®nly on j, we
denoteby x/, thecommonvalueof thex;; wherex) = 1if Dj = Do andx) = 0 otherwise.This allows a

simplificationof (4):

ws{gmoes|(zn)gmalo
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We establishthe following notation: D = {Ds,...,Dn)*.R = [Ry,....,Ry)', and " is the transposeof

M={m;), ;. Foragivenstratgy vector(x;;]; ; onecancomputetheassetsn placeatbanki [X;] andthe

returnonadepositatbanki {D;]. Thenwe checkwhetherthe stratgiesareoptimal:

1if Dj = Do
X5 = _ (6)
Oif Dj{Do

Any fixedpoint of this algorithm {i.e., X}j = X;;] is anequilibriumof our game.

Whenthemechanisnof interbankcreditfunctionssmoothly x;; = 1 for all (i, j ] anddepositorswelfare
is greaterthanin the autarkicsituation. This is becausénterbankcreditlines allow eachbankto keep
a lower amountof liquid reseres andto investmore. However, the systemis alsomorefragile. As
we shaw in the next Sectionsthe noncooperatre gameplayedby depositorshasotherequilibriathan

XijEl.

3 PURECOORDINATION PROBLEMS

Wefirst analyzethe equilibriaof thegamewhenall depositsareinvestedatt = 1, investmenteturnsare
certain,andall banksaresolventsothattheonly issueis the coordinatioramongdepositorsDisregard-
ing the mixed stratgy equilibria wheredepositorsare indifferent betweenwithdraving their deposits

andtransferringthemto therecipientbanks,we obtainourfirst result:

Proposition 3.1We assumdr; = Do for all i (whichimpliesthatall banksaresolvent). Thereareatleast
two purestratgy equilibria: (i) the inefficient bankrun allocationwherex*= 0 (Speculatie Gridlock

Equilibrium) and(ii) theefficientallocationwhere x*= 1 (CreditLine Equilibrium).

Proof. Seethe Appendix.

Several commentsare in order In the Credit Line Equilibrium thereis no liquidation while in the

Speculatre Gridlock Equilibrium all the banks’ assetsare liquidated. Sinceliquidation is costly and
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all banksare solvent, the Credit Line Equilibrium dominateshe Speculatie Gridlock Equilibrium as
well asary otherequilibriumwheresomeliquidationtakesplace.The Speculatre Gridlock Equilibrium
arisesas a result of a coordinationfailure like in D-D. If depositorsrationally anticipatedatt =0 a

Speculatre Gridlock Equilibrium, they would preferthe autarkicsituation.

In the CreditLine Equilibrium with diversifiedlending,banki extendscreditlinesto all the otherbanks
andreceves creditlines from them. In equilibrium the debtarisingfrom banki’s depositorsatt = 2
using banki’s credit lines with the other banks,is repaidatt = 2 by banki servingthe depositors
from the otherbanks. It is preciselybecausahe behaior of one banks depositorss affectedby the
expectationof whatthe depositorgjoingto the samelocationwill do,thatthis equilibriumis vulnerable
to acoordinatiorfailure. If thedepositorsn asuficiently large numberof banksbelieve thatthey will be
deniedconsumptiorat thelocationwherethey have to consumeit is optimalfor themto liquidatetheir
investmentwhich makesit optimalfor thedepositorsn all otherbanksto do the same.The Speculatie
Gridlock Equilibrium s relatedto the notion of Domino Effectthatmay arisein paymentsystemsaasa
resultof the settlementailure of someparticipant.Still, it may occurhereevenif all banksaresolvent.

Notice,thatbanksdo not play ary strataic role: only depositorglay strategically.

From the efficiency viewpoint, whenall the banksare solvent the Credit Line Equilibrium dominates
autarly which in turn dominateshe Speculatie Gridlock Equilibrium1® Hencethereis a trade-of be-
tweenarisky interbankmarket basedninterbankcreditanda safepaymentmechanisnwhich foregoes

investmenbpportunities:?

Boththe Gridlock andthe CreditLine Equilibriainvolve the useof creditlines. In bothequilibriabanks
extend and honor credit lines up to the amountof theirt = 2 resources.In the Speculatre Gridlock
Equilibriumit is notthebanksthatdo nothonorthe creditlines,ratherarethe depositorghat, by forcing

theliquidationof theinvestmentreducetheamountof resourcesvailableatt = 2.

13 Wheno=1 the lasttwo are equivalent. The costof the Gridlock Equilibrium is proportionalto 1-0. Notice that autarky
is equivalentto a paymentsystemwith fully collateralizedcreditlineslike TARGET (Trans-EuropeaAutomatedReal-Time
GrossSettlemenExpressTransfer) the paymentystemdesignedo handletransactionén the Euroarea.

14 Foran analysisof this tradeoff in arelatedsettingseeFreixasandParigi (1998).However, evena Real Time GrossSystem
like TARGET is notimmuneto a systemiccrisis. As Garber(1998)pointsout if thereis arisk thata curreng will leave the
Eurocurreng areathevery infrastructureof TARGET whereNational CentralBanksof the participatingcountriesextendto
eachotherunlimiteddaily credit, providesthe perfectmechanisnio mountspeculatie attackson the system.
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Thereis aclearparallelbetweerthesetwo equilibriain our economywith N locationsandthe equilibria
in aone-locatiorD-D model. Theseresultsarealsorelatedto thepaperdy BhattacharyandGale(1987)
and Bhattacharyaand Fulghieri (1994) that considerN-location D-D economieswithout geographic

risks.

The Credit Line Equilibrium can be implementedin several ways: througha Compensatiorbystem
wherecreditsarenetted,by a RTGS (Real Time GrossSettlementsystemwith multilateralor bilateral

creditlines,throughlendingby the CentralBankandthroughDepositinsurance.

In this basicversionof themodel,in theeventof agridlock, every bankis solventalthoughilliquid . Thus
no difficulty in distinguishingbetweeninsolvent andilliquid banksarisesfor the CentralBank® The
CentralBank hasa simple coordinatingrole asa LOLR in guaranteeingrivate-sectocreditlinesor in

providing fiat money, bothbacled by the authorityof the Treasuryto tax the returnon theinvestment-®

Similarly, by guaranteeinghe valueof depositsat the consumptioriocations,Depositinsuranceslimi-
natesary incentie for the depositorgo protectthemselesby liquidatingtheinvestmentthusmakingit

optimalfor banksto extendcreditto eachother

Like Depositinsurancewhich is never usedin equilibrium in the D-D model, the coordinationrole
of the CentralBank costsno resourcegexcluding moral hazardissues),sincein equilibrium it will
not be necessaryor the CentralBank to intervene. However, in a richer modelcreditline guarantees
andDepositinsurancewnould not have the sameeffect. In fact, unlike creditlines guaranteesDeposit
Insurancepenalizegshe manager®f distressedanks,andmight offer betterincentvesto managerso

monitoreachother

15 Foran analysisof thisissueseethe companiorpaperby Freixas Parigi, andRochet(1998).

16 For examplein the Canadiarelectronicsystemfor the clearingand settlemenbf large value paymentgshe CentralBank
guaranteemtradaycreditlines (FreedmarandGoodlet1998)
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4 RESILIENCY AND MARKET DISCIPLINEIN THE INTERBANK SYSTEM

In thenext two Sectionsve tackletheissueof theimpactof theinsolveng/ of onebankontherestof the
system.In this Sectionwe investigateunderwhich conditionsthe lossesof onebankcanbeabsorbedy
the otherbankswithout provoking withdrawvals by depositors(this is whatwe call resiliengy) andwhat
aretheimplicationsin termsof marketdiscipline.In thenext Sectionwe considettheissueof contagion.
Thatis we investigatewhetherthe closureof aninsolvent bankgenerates chainreactioncausingthe

liquidationof solventbanks.

In orderto modelthepossibilityof insolveng in asimpleway, we make the extremeassumptiorthatthe
returnR; ontheinvestmentatlocationi canbeeitherR = Do, or 0. If R= 0, banki is insolvent in which

caset is efficient to liquidateit, absentontagionissues For theremainderof this paperwe assumehat
the probabilityof R= 0 is suficiently low thatit is optimalfor the banksto investall depositsatt = 0.1’

Returnsare publicly obserable att = 1 but verifiableonly att = 2 so that no contractcanbe made
contingenton thesereturns.Notice thatby assumptiorl the publicinformationthatbank1 is insolvent
cannotbe usedthe otherbanksto distinguishanddiscriminatethe depositorof theinsolventbank. The

efficient allocationof resourcesequireshatbanksbeliquidatedif andonly if they areinsolvent:

OifR=0
X = . (7
lf R=R

Whetherthis efficient closurerule is a NashEquilibrium of the non-cooperatie gamebetweendeposi-
tors,will dependnthestructureof theinterbankpaymensystem.To illustratethis, wefocusonthecase

in which onebank(say bank1) is insolvent, andwe investigateunderwhich conditionsx=(1,...,1] is

still anequilibrium, i.e. underwhich conditionsD; & Dq for all i. Whenx=(1.....1] andR; =0 the

" Fora large probability of failure, it is optimalto usethe storagetechnologyonly.
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balancesheetequationg5) give

{ o) {03
R 1
D={21-n"} * =R{21 -1} * _ 8)
R \ 1
From(8)] we defineby y the minimum of thecomponentsf the vector
{ 0 3
1
(21 —nf * . ©)
.

We establishthefollowing proposition:

Proposition 4.1 (Resilieny andMarket discipline)WhenR; = 0. necessargonditionfor x=(1,..., 1]

to beanequilibriumis thatthesmalleswvalueof timet = 2 deposit{Ry] . whichdepend®nthestructure

of interbankpaymentlows, exceedD.

Proof From (8] andthedefinitionof y we seethatD; = Do for all i if andonly if y = %. (I

Sereralcommentsarein order Proposition4.1 highlightsan importantaspectof the tensionbetween
efficiengy andstability of theinterbanksystem.Ontheonehandit establishetheconditionsunderwhich
thesystemcanabsorkthelossef onebankwithoutary deposiwithdraval. Resilieng, however, entails
thecostof forbearancef theinsolventbank. Ontheotherhandit establishegheconditionsunderwhich
x=[1,....1] is nolongeran equilibrium. If a bankis known att= 1 to be insolvent, depositorsnay
withdrav and withdrawals may not be confinedto the insolvent bank, hencemarlet discipline entails

the costof possiblyexcessie liquidation. We interprety asa measuref the exposureof the interbank

systemasawholeto market disciplinewhenonebankis insolvent®

We now studyhow y varieswith A (the proportionof travelers)andN (the numberof locations)in the

two casef creditchainanddiversifiedlending.

18 ps abenchmarlconsideragainthelimit of the D-D optimal contractwhenthe proportionof early dierstendsto zero. If we
computeDg whenu[C] = ct af[1— a) (CRRAUtility function),from [1] we have %Q = R 2 whichis decreasinin R.
Thereforemoreprofitableassetslecrease¢he exposureof the bankto market discipline.
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Proposition 4.2 Both in the creditchaincaseandin the diversifiedlendingcasey increasesvith A and
N; i.e. whenthe proportionof travelersincrease®r the numberof banksincreasesthe systembecomes

lessexposedio market discipline.

Proof. Seethe Appendix.

Whenthe numberof banksincreasestheinsolveng/ of onebankhasa lower impacton thevalueof the
depositsn theotherbanks.Similarly anincreasen thefractionof travelersspread®ontheotherbanksa
largerfractionof thelossdueto theinsolveng/ of onebank. This seemgyuiteintuitive for thediversified
lending case,sincethe bankshold more diversifiedportfolios of loans. The novelty is that this result
holdstrue alsofor the credit chaincasewherebankshave the possibility to passpart of their lossesto

otherbanksthroughtheinterbankmarket.

We nowv comparehetwo systemdor givenvaluesof A andN. We thencomparehe exposureto marlket

disciplineof the creditchainandthe diversifiedlendingstructures.

Proposition 4.31n caseof theinsolveng/ of onebank,the systemis moreexposedio market discipline

underdiversifiedlendingthanundercreditchains;i.e. y°RE = PV |

Proof. Seethe Appendix.

Propositiord.3 may appearcounterintutie sincediversificationis usuallyassociatedvith the ability to
spreadosses.Theresultdepend®n the proportionof the losseson its own portfolio thatthe insolvent
bankis ableto transferto otherbanksthroughthe paymentsystem.In adiversifiedlendingsystemhere
is morediversificationsothatsolventbanksexchangea largerfractionof their claims.As aconsequence
in a diversifiedlending systemthe insolvent bankis able to passover to the solvent banksa smaller

fractionof its losses.

The casewith threebanks[N = 3] and everybodytravels [A = 1] provides a goodillustration. In a

diversifiedlendingsystemthe balancesheetequationg5) become:

Di=%[Ri+%|:Di 1+Di 1] =123 (10)
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This meanghatif bank1 is insolvent (i.e. Ry = 0], depositorsat banks2 and3 obtainan equalshare
of total surplus,while bank1 depositorgeceve 50% less.After easycomputationsye find thatbank1
depositorgeceve %R, or equialently bank1l is ableto pass% of its lossedo the solvent bankswhose

depositorendupreceving ‘g‘R .

Considemow the caseof creditchains.Still assuming\ = 1, the balancesheetequationgive:

Di=:—2L[Ri+Di|1] i=123. (11)

We cancomputethe lossesexperiencedy eachbank(with respecto the promisedreturnsR) andit is a

simpleexerciseto checkthatthe only solutionis:

3 5
1=-RDs=-RD> (12)

Thereforepankl is ableto passon ahighershareof its losseghanin thediversifiedlendingcasewhich

explainsthelower exposureof theinterbanksystento market disciplinein the creditchainsystem.

Theresultsof this Sectionhighlight anothersideof interbankmarketsin additionto their role in redis-
tributing liquidity efficiently studiedby BhattacharyandGale (1987). Interbankconnectionenhance
theresilieng/” of the systemto withstandtheinsolvengy of a particularbank. However, this network of
crossliabilities mayloosenmarlket disciplineandallow aninsolventbankto continueoperatingthrough
theimplicit subsidygeneratedy the interbankcreditlines. This looseningof market disciplineis the
rationalefor a more active role for monitoringand supervisionwith the regulatory ageng having the

right to closedown abankin spiteof the absencef ary liquidity crisisatthatbank.

The effect of a CentralBank’s guaranteen interbankcreditlineswould bethatx=(1,..., 1] is always

anequilibrium,evenif onebankis insolvent. The stability of the bankingsystemwould be presered at

the costof forbearanc®f inefficient banks.
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5 CLOSURE-TRIGGEREBCONTAGIONRISK
5.1 Efficiency vs. Contagion Risk

We now turnto the othersideof therelationshipbetweerefficiencoy andstability of thebankingsystem,
andinvestigateunderwhich conditionstheclosureattimet = 1 of aninsolventbankdoesnottriggerthe
liquidation of solventbanksin a contagionfashion.Supposehatbankk is closedatt = 1. Assumption
2 impliesthat Xk = 0 and Dy = 0. Closingbankk att = 1 hastwo consequencesFirst, we have an
unwindingof the positionsof bankk sincerty;Dy assetandTiiD; liabilities disappeafrom the balance
sheetof bankk. In arichersettingthisis equivalentto a situationin which the otherbankshave rengyed
on their creditlines toward bankk, possiblyasa resultof the arrival on negative signalson its return.
Second,a proportionTiy of travelersgoingto locationk will be forcedto withdraw early the amount
TiDg andbanki will have to quuidatetheamoun‘m'ik%Q. If Tl'ik%Q is sufficiently large banki is closedat

t =1, otherwisethe costatt = 2, of the earlyliquidationis g { 22R —D;}.

Noticethatif Tl'ik%Q = 1thenX; =0, i.e. banki is liquidatedsimply becaus¢herearetoo mary depositors
going from locationi to locationk, the bankis closedatt = 1. The type of contagionthat takes place
hereis of a purely mechanicahaturestemmingsimply from the direct effect of inefficient liquidation.
Sincethis caseds straightforvard let usinsteadconcentratntheothercasenamelymk%Q < 1 Because
of unwindingandforcedearlywithdrawal, thefull generakases morecomplex. Sincexk =0, we have

to suppressill thatconcerndankk from the equationg5]. We obtain:

XeaR 4+ S DX =[ § 13 + T['iXi)Di: (13)
o+ o =( g+ 3

where

Xirg = max

Do - Do
1—ThH— — f1—x122.0]. 14
Tk ka.t XJG.I (14)

We now have to checkwhetherx;; = 1 for all i, j #£ k, cancorrespondo an equilibrium. In this case,

Xina = max1 —mk%:O] andsystem(13] becomes:
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TG + Thji TG
R = ELLILL N ) e O 10 (15)
(;k Xtk ) & Ko

Sinceby assumptiorRk = Rfor all i #£k, {15) becomes

D
[1—TﬁkFOJR+ JZkT[jiDj = [2— T — Ti;) D; (16)

This allows usto establisha resultanalogougo Propositiord. 1.

Proposition 5.1 (ContagionRisk) Thereis a critical value of the smallesttime t = 2 depositsbelow
which the closureof a bankcauseghe liquidation of at leastanotherbank. This critical valueis lower
in the creditchaincasethanin the diversifiedlendingcase. The diversifiedlendingstructureis always
stablewhenthenumbem of banksis large enoughwhereas\N hasnoimpacton thestability of thecredit

chainstructure.

Proof. It follows the samestructureof the proof of Proposition4.1. Denotingby My theinverseof the

matrix definedby system(16], stability is equivalentto:

D, 1 1
=RM(| .. |=Do| .. | (17)

Dn 1 1

Onecanseethat all the elementsof My are non negative'®, thus stability obtainsiff % = Yy, where
1

Yy denotegshe minimum of thecomponentdMy | ... | . Thecomputatiorof Y is cumbersomen the

1
generalcasebut easyin our benchmarkexamples(where,becauseof symmetry k doesnot play ary

role). Onefinds:

19 The fact that the matrix Mg hasnon negative elementsfollows from a propertyof diagonaldominantmatrices(Seee.g.
Takayamal985p.385).
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D Bo_1
Were= 1—>\(?° —1); Wyy = 1— [ 2

N1 N (18)

in the creditchainexample,andin the diversifiedlendingcase respecirely. It isimmediatefrom these
formulasthat W¢e<Wqiv (for N = 2) andthat Wy, tendsto 1 when N tendsto infinity while Wee is

independenof N. I

5.2 Comparisonwith Allen and Gale (1998)

It is usefulto compareour resultswith thoseof Allen andGale(1998). Propositiond.1 establisheshat
systemiccrisesmay arisefor fundamentakeasonslike in Allen and Gale. However, the focusof the
two papersis different. Allen and Gale are concernedvith the stability of the systemwith respecto

liquidity shocksarisingfrom therandomnumberof consumershatneediquidity earlyin theabsencef

aggr@ateuncertainty They shav thatthe systemis lessstablewhentheinterbankmarlketis incomplete
(in the sensdahatbanksareallowedto crosshold depositonly in a creditchainfashion)thanwhenthe
interbankmarket is complete(in the sensehatbanksareallowedto crosshold depositan a diversified

lendingfashion).

In our paperinterbanklinks arise,instead from consumergeographiaincertaintyandthe focusis on
theimplicationsof theinsolveng/ of onebankin termsof market disciplineandstability of the system.
In particularin Propositiond.3we shav how the structureof interbanklinks allows to spreadover other
banksthe lossesof one bank. We shav that a diversifiedlending systemis more exposedto market
discipline(i.e. lessresilient)thana creditchainsystembecausén thelattertheinsolventbankis ableto
transferalargerfractionof its lossego otherbanksthusreducingtheincentvesfor its own depositorgo
withdraw. In Propositions.1we areconcernedvith the stability of the systemwith respecto contagion

risk triggeredby the efficientliquidationattimet = 1 of theinsolventbank.
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6 TOO-BIG-TO-FAIL AND MONEY CENTERBANKS

Regulatorshave often adopteda too-big-to-ail approach(TBTF) in dealingwith financially distressed
mone centerbanksandlarge financialinstitutions?® Oneof thereasonss thefearof therepercussions
thattheliquidationof among centerbankmighthave onthecorrespondindpanksthatchannepayments
throughit. Our generalformulation of the paymentsneedswherethe flow of depositorggoing to the
variouslocationsis asymmetrioffersasimpleway to modelthis caseandto capturesomeof thefeatures
of the TBTF policy. We interpretthe TBTF policy as designedto rescuebankswhich occuy key

positionsin theinterbanknetwork, ratherthanbankssimply with large size?*

Considerfor examplethe casewheretherearethreelocations{N = 3]. Locations2 and3 areperipheral
locationsandlocationl is amongy centedocation.All thetravelersof locations2 and3 mustconsumeat
locationl, andonehalf of thetravelersof location1 consumeatlocation2 andthe otherhalf atlocation

3. Thatistip =t13= % andtyy=t31=1,thz3=tz, = 0.22 This impliesthat

X1=max{1—%[1—[1—)\Jx1—)\(xz_|2-)@);0]}: (19)

and

Xo= max{1—2e[1-f{1-A1x2—Ax];0
Xg= max{l—20[1—f1-A]x3—Ax];0}.

Supposenow that one of thesebanks(and only one)is insolvent (this is knowvn att = 1). The next

propositionillustrateshow the closureof a bankwith akey positionin theinterbankmarket maytrigger

asystemiccrisis.

Proposition6.1(i) If A »a {Dio - %J theliquidationof bank1 triggerstheliquidationof all otherbanks
(Too-big-to-ail); (i) If A = %—‘; , liquidation of banks2 or 3 doesnottriggertheliquidationof ary of the

othertwo banks.

20 geefor exampletheinterventionof the monetaryauthoritiesn the Continentalllinois debacleén 1984and,to someextent,
in arrangingthe private-sectorescueof Long Term CapitalManagement.

21 The Barings'failure of 1996is anexampleof thecrisisof alargefinancialinstitutionthatdid not createsystemicrisk.

22 Notice thatwe now abandormssumption3 (the symmetryassumption).
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Proof To prove (i) noticethatif bank1 is closedthenX; = 0, andx! = 0. ThenD, = XoR= f1— %)\JR.
ThusX® =0if {1 —22A)R « Do4+ A » afg- — £1. To prove (ii) noticethatif bank2 is closedthen

x2= 0. If (1,0,1) isanequilibriumthe balancesheetequation:‘oecomewhenDTOA o 2:

A Dg Do A
D, (1—574-)\) = (1— ?E)Rl—l-)\Dg (21)
A A
D3 (1-|- E) = Rs+ EDl.

If R3= Ry = Rthisyields D3 =D; =R This impliesthatx = [(1,0,1] is an equilibrium wheneer

Dok
a

e 2. I

Our lastresultconcernghe optimal attitudeof the CentralBank whenthe money centerbankbecomes
insohent {R; = 0]. When 2 is low, nointerventionis neededWhen 2 is large, the CentralBank has

to injectliquidity. More preciselywe have:

Proposition 6.2WhenR; = 0.x= (1,1, 1] is anequilibriumif QRQ is sufiiciently low (no CentralBank

interventionis needed)In the othercase the costof bailoutincreasesvith QRQ.

1
Proof. WhenR; = 0.x=[1,1.1] canbe an equilibriumif D »Do | ... |. Whenx=(1.1,1]. the
1
balancesheetequationg5) become
Ri+ (D2+D3] = 3D; (22)
1 3 1 3
R2+ ED]_ - EDZ:R3+§= §D3 (23)

Solving22) and(6.2)whenR; =0, R, = Rs= RyieldsD; = R, D,= D3= SR, whichis anequilibrium
iff 22 « 2. The costof bailoutis 0 iff 20 « 2, it is Do — 2Riff 4 « 20« & When22 = &, the Central
Bankalsohasto injectliquidity in the solventbanks.Thetotal costto the CentralBankbecomesDg —

16
LR 0
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7 DISCUSSIONSAND CONCLUSIONS

We have constructeda model of the bankingsystemwhereliquidity needsarisefrom consumersun-
certaintyaboutwherethey needto consume.Our basicinsightis that the interbankmarket allows to
minimize the amountof resourceseld in low-returnliquid assets.However, interbanklinks expose
the systemto the possibility that a numberof inefficient outcomesarise: the excessie liquidation of
productie investmentsaresultof coordinatiorfailuresamongdepositorsthereducedncentie to lig-
uidateinsolventbanksbecausef theimplicit subsidie®fferedby the paymentsietworks;theinefficient

liquidation of solventbanksbecaus®f the contagioneffect stemmingirom oneinsolventbank.

7.1 Policy implications

We usethis rich set-upto derive a numberof policy implications(summarizedn Table 1) with respect

to theinterventionsof the CentralBank.

First, the interbankmarket may not yield the efficient allocationof resourcedecausef possibleco-
ordinationfailuresthat may generatea "gridlock” equilibrium. The CentralBank hasthus a natural
coordinationrole to play which consistsof implicitly guaranteeinghe accesgo liquidity of individual
banks. If the bankingsystemasa whole is solvent the costsof this interventionis negligible andits

distortionaryeffectsmay stemonly from moralhazardssuegProposition3.1).
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Table 1. Summary of Central Bank Inter ventions

Problem

Type of Cental Bank Inter-

vention

Costs

Result

Speculatre Gridlock

Coordinatingrole of Central
Bank
# Guaranteereditlines

# Depositinsurance

Never usedin equilibrium; no

cost,apartfrom moralhazard

Proposition3.1

Insolvengy in a re-
silient interbank mar

ket

Ex antemonitoringandsuper

vision

Imperfect monitoring leads to

forebearancandmoralhazard

Propositiord.1

Insolveng leading to

contagion

Orderly closure of insolvent
bank and arrangement of

creditlinesto by-passt

No cost, apartfrom moral haz-
ardandmoney centerbanks;in

caseof mone/ centerbanksit

Proposition 5.1;

Proposition6.1

may be too costly or even im-
possibleto organizeorderlyclo-

sure

Bail out Transferof taxpayemoney Proposition6.2

Secondjf onebankis insolvent, the CentralBank facesa muchmorecomple trade-of betweenreffi-

cieng andstability Market forceswill not necessariljorcethe closureof insolvent banks.Indeedthe
resilieny of theinterbankmarket allows to copewith liquidity shocksof individual banksby providing

implicit insurancewhich wealensmarket discipline (Propositiond.1). Thereforethe Centralbankhas
the responsibilityto provide ex antemonitoringof individual banks. However, the closureof insolvent
banksmaycausesystemiaepercussion@Propositiorb.1)whichis theresponsibilityof the CentralBank
to handle.In this casetwo course®f actionsareavailable: orderlyclosureor bailoutof insolventbanks.
Given the interbanklinks, the closureof an insolvent bank mustbe accompaniedby the provision of

CentralBank liquidity to the counterpart®f the closedbank?® This is whatwe calledorderly closure.
Assumingthatthis is possible theoreticallyit entailsno costsapartfrom moral hazard. However, the

orderly closuremight simply not be feasiblefor money centerbanks(Proposition6.1) in which case

23 For instancejn the creditchaincase,f bankk is closedthe CentralBank canborron from bankk — 1 andlendto bank
k+ 1, thusallowing theinterbankarrangementt functionsmoothly
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the CentralBank hasno choicebut to bailout the insolvent institution, with the obvious moral hazard

implicationsof the TBTF policy.

Our modelcanbe extendedn variousdirectionssomeof which arediscussedbelow.

7.2 Imperfect Information on Banks’ Returns

In reality, boththe CentralBankandthe depositorshave only imperfectsignalson the solveng of com-
mercialbanks(althoughthe CentralBank’ signalsare hopefully more precise). Therefore the Central
Bankwill have to actknowing thatwith someprobabilityit will be lendingto (guaranteeinghe credit
lines of) insolventinstitutionsandwith someprobabilityit will be derying creditto solventinstitutions.

Also, depositorgnayrunonall the bankswhich have generatec badsignal.

The consequencearedifferentdependingon the structureof the interbankmarket. In the credit chain
case,the CentralBank will have to interveneto provide credit with a higher probability thanin the
diversifiedlendingcase.Thereforein the creditchaincasethe CentralBank hasa higherprobability of
endingup financinginsolvent banks. Ex ante,therefore,the CentralBank interventionis much more
expensve in the credit chain case,so thatin this casea fully collateralizedpaymentssystemmay be

preferred.

7.3 Paymentsamongdifferent countries

Systemicrisk is oftenrelatedto the spreadingof financialcrisis from onecountryto another Our basic
modelcanbe extendedo considewvariouscountriesnsteadof locationswithin the samecountry When
depositorsbelongto different countries,travel patternsthat generatea consumptionneedin another

location have the naturalinterpretationof demandof goodsof other countries,i.e. import demand.
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Goodsof the othercountry canbe purchasedhroughcurreng (like in autarchyin the basicmodel)or

througha creditline systemwherebytheimportsof a countryarefinancedby its exports.

Our resultsextendto the modelwith differentcountriesbut the role of the monetaryauthorityis some-
whatdifferent. While in our set-upthelendingability of thedomestiononetaryauthoritywasbacled by
its taxationpower, the lendingability of an internationalfinancialorganizationis ultimately bacled by
its capital. Hencetheresourcest its disposalarelimited andin caseof aggrgateuncertaintyits ability

to guarantedanks’creditlinesis limited.?*

24 geetherole of thel.M.F. in the 1997 Asian crisesandthe 1998Russiarcrisis.
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APPENDIX

Notation. Define

M= [20 =1 *= [[14 A1 =AT]] *= (24)
1
= i | — LT-’
142 142
wherel is theidentity matrix. We first needatechnicallemma:
Lemma 7.1 All the elementsof M{A] are non negative: myj{A] = O for all i, j. Moreover for all i,

¥ ;mj[A] = 1. Asaconsequencef R = Do for all i then

1
MAIR=Do| ... |- (25)

Proof M{A\)=(2I —M*] . Sincel'is aMarkov matrix (becaus®f assumptior8), all its eigenvalues

arein theunit diskandM[A] canbe developedinto a pover series:

1 |—||' 1 | |—||'k
M{A]= - (I ——) =9y ——. (26)
2 2 k; 2kl
1
This impliesthat M[{A] haspositive elements.Moreover | ... | beingan eigenvectorof M* (for the
1
eigenvaluel), it is alsoaneigenvectorfor M{A). |

Proofof Proposition3.1.
(i) Becausef assumptior2, D; = 0 whenx;; = O for all j. Thereforextj = 0is alwaysanequilibrium.
(i) X = 1=+ Xj = 1. Usingtheassumptiorthat y ; ij; = 1 equation(5) becomes

2D=R+N'D. (27)
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For x) = 1 to beanequilibriumfor all j, it mustbe

D=[21 -] '"R=M{JR=Do| .. |. (28)

This is animmediateconsequencef the abose lemma, which impliesthatx = [1.....1] is alwaysan
equilibrium whenall banksare solvent. Thereare no otherequilibriawhena = Dy. Indeedif X =0
thenequation(5) impliesthatX; = 0 or D; = R;. But X; cannotbe zero(unlessall xI arealsozero)and
Di = R = Dg contradictghe equilibriumcondition. Notice, however, thatwhena <= Dg. X; canbe zero

evenif someof thex! arepositive, which impliesthatotherequilibriamay exist. ([

Beforeestablishing?roposition4.2 we have to computethe expressiorof matrix M{A] in thetwo cases

of creditchainanddiversifiedlending.

Considetthe creditchaincasefirst, wherethe matrix T is givenby:

(0o 1 0 .. 0}
T= (29)
0 .. 0 1
L1 0 .. 0 0}

ThereforeT™N = |, sothatT' X =T*KIN=T*kI2N  Now

M(A) = (Hix) ki{eT*}k: (30)

whereA; =6. Let©= {146+ 6N+6?...}. Thus

M{A) = 1%\ [14+0T+ (o) +. +oT)" '] = %A (31)
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where
'Ir 1 eN 1 92 0 \II
0 1 N1 62
1 eN 1
\ N 1 .. 02 9 1 }

Considemow thediversifiedlendingcasewherethematrix T is givenby:

T=—| .. .. . .. .| (33)

1 .1 0 1

v 1 .. .. 1 0]}

It follows thatT = T*. Now

1 Ao, 1 o ok
M{A]= FY |_mT] _(1_ngO{eT}_ (34)
Noticethat
N—-2

12 __ f

T —N 1I+—T
1 N-=2 1 N=2] 1 N-=2
T|'3_ Tn' T|'2_ Tn' I Tn'
N—-1 +N—1 N—1 +N—1[N—1+N—1 ]
Finally,
i3 N—2

u]T @)

IN—12 " |7 (IN-1)
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Recursiely we obtain

T =Byl +(1— B T* (36)
where
1 RELE
Therefore
M{A] = (1—6) %{GT"}k= (1-9 3 (6Bl + 64(1— B T'] (38)
k= k=
{ 0 y
R
Proofof Propositiond.2.I1f R = the necessargonditionfor x= (1, ..., 1) to beanequilibrium
y R
becomes
{ 0 y
R
D=M[AIR=M[A] = Do. (39)
VR

In thecreditchaincaseequation(32] impliesthatthefirst row of condition{39) becomes

1-0

—l_eNI:eN 1+...-|-e_]RED0 (40)
or
RET3er o0 =W (41)

It is easyto seethatySRE increasesn N andin 6 (andthereforein y). NoticethatySRE = 6.

Underdiversifiedlending,M{A] is givenby [38]. Checkingthefirst row of [39] anddividing by Ryields

Dl_ _ < ki1 _ N-1 _ E
B-0-93 [ra-pg=I] =RV 2 @2)
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Using

RELE!
1—(N—_1) ] (43)

equation{42] becomes

1
Bk—ﬁ

) 1 1 yk1
vﬁ'V=t1—eJk;9k(1—n[1—(m) D @
or
NV _ g1 _mkmk—_lkll
NyRY =[1-6) [{N 1szle +kzle (N_l) : (45)
Since
-0 mek=':1_eje=e.
El JkZl (1-8) ) (48)
and
[1—6] S ek(_—l)k ' = 0(1—6) S 6k (_—1)k (47)
kzl N-1 kZO N-1
6{1—6] (N—-1]6({1-86)
1+ N-1+486

equation{45] becomes

(N—-1)6(1—6) _ (N—1)8[N—1+6+1—6]

IV _ N
Y =[N -1)6+ N—1+46 N—1486 “8)
from which

v _ I:N - lJ 0 _ 1
W _N—1+9_%+ﬁ' (49)
Recallingthatf = 1—"X we seethatyR!" increasesvith A andN, andthaty?"V = 6. -

Proofof Proposition4.3. ComparingyR"V andyRE we obtain

we [N-1] 1 (50)

8 T ON-1+0 148
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and
WRE 1-ev ! 146467465 40N 2 1
8 1—-06V T 146+0246%. 46N 1 i

:I'_|-l|6|92|63_|9'\"2

SincedN 2« 0N 3 BN 4 then

N 2 1
14064024063 406N 2 {N—l'

Thus

eN 1 0 WNRE
110102463 SN 2 ~N_1 " © 0

(51)

(52)

(53)

(]



