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A bstract
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1. Introduction

T helastdecadeshavewitnessedasubstantialincreaseinthevolumeoftransactionsthatare
processedvialarge-valuepaymentsystems. IntheU S, forexample, thecombinedvolume
processedviaCH IP S andFedwireexceededU S $ 2.5 trillionperdayin 19 9 8. T his trend
is botharesultoftechnologicalchangeandofincreased…nancialactivity. Becauseofthe
highvolumestransferredandthelargesizeoftheindividualpayments(theaveragepayment
sizeinFedwirewas U S $ 3.3million), paymentsystemshavegrowntobeoneofthemost
likelychannelsthroughwhich…nancialcrisescouldpropagate.1 Internationally, thegrowing
integrationof…nancialmarketshasledtoarapidincreaseincross-bordertransactions, and
raises fears thatcrises in di¤erentparts oftheworldcoulda¤ect…nancialstability. T he
designoflarge-valuepaymentsystems, bothonadomesticandonaninternationallevel, is
thusofgrowingconcernforsystem participantsand…nancialregulators. Forexample, the
G -10 countriesestablishedworkingcommittees inordertodevelop standardsforinterbank
paymentsystems.2

L arge-valuepaymentsystemscangenerallybeclassi…ed intotwotypes: gross systems,
nowusuallyoperatingin realtime, andnettingsystems. In R eal-T ime-G ross-Settlement
systems(RT G S), alltransfersmadebetweenparticipatingbanksareclearedandsettledim-
mediatelyandirrevocably. T hefailurebyonebankdoesthereforenota¤ecttheotherbanks
throughthepaymentsystem. Innetsettlementsystems, ontheotherhand, paymentsare
clearedonlyatpre-speci…ed settlementtimes, andonlythenetamounts ofliabilities are
actuallytransferred. N etsystemsarecheaperinoperation, becausetheamountofreserves
neededtosettleis farlowerthaninRT G S systems. H owever, ifabankisunabletosettle
attheendoftheday, its failurecanhavesevereconsequences fortheotherparticipants,
as largeamountsofexpectedpaymentswillnotbereceived. Clearly, thereisatrade-o¤ in
e¢ciencybetweenthetwosystems: ifthefailureofbanksisrelativelylikely, aRT G S system
isthebetterchoice. O ntheotherhand, ifthebanksarequitesafe, andtheopportunitycost
ofholdingreservesishigh, anettingsystem ismoreattractive. T hisbasictrade-o¤ between
netandgrosssettlementsystemshasbeenanalyzedbyFreixasandParigi (19 9 8).3

RT G S andnetsettlementsystemsfrequentlycoexist. IntheEuropeanU nion, forexam-
ple, theEU memberstateshaveintroducedTA R G ET , across-borderRT G S system. Parallel
toTA R G ET , privatelyorganizednetandhybridsettlementsystemsareoperational(such
asEuro-1, operatedbytheEuropeanBankingA ssociation). IntheU S, theFederalR eserve
BanksoperateFedwire, whichisaRT G S system, whileCH IP S isaprivatelyrunnetsettle-
mentsystem.

Inthispaper, westudyaccessregulationtocoexistingnetsettlementandRT G S systems
1StatisticsconcerningthetransfersinFedwireandChipscanbefoundonthewebpageofFederalR eserve

BankofN ewYork, http://www.ny.frb.org/pihome/fedpoint.
2R esultsofthisworkaretheA ngellR eport(19 89 ), theL amfalussyR eport(19 9 0), andtheN oëlR eport

(19 9 3).
3A noverviewonthefunctioningoflargevaluepaymentsystems andadiscussionoftherisks involved

canbefoundinSummers (19 9 1).
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inaninternationalenvironment. W elookatasituationwherebanksofdi¤erentnationali-
tiessettletheirtransfersthroughthepaymentsystemandconsidertheproblemofdeciding
whetherthebanksshouldbeallowedtousethenetsystem. U sually, asingleauthority, na-
tionalorsupranational, regulatestheorganizationofasettlementsystem andensuresthat
certainstandardsaremet. T hesupervisionoftheparticipatingbanks, ontheotherhand, is
dividedamongthehome-countryauthorities. W earguethatthedivisionofthesupervisory
andregulatorypowercreates incentiveproblems inaccess regulation, becausethenational
supervisorsmighthavesomewhatcon‡ictinginterests. O uroriginalmotivationforstudying
thisproblemweretheEuropeancross-bordersettlementsystems. H owever, theissuesthat
westudyherealsoariseindomesticpayments systems inwhichforeignbanksparticipate,
sincethelocalbranchesofforeignbanksaremostlysupervisedbytheauthorityinthehome
countryratherthaninthehostcountry.

W eanalyzeaneconomywithtwocountries, whereconsumers makeandreceivecross-
bordertransfers. In eachcountrythere is onecommercial, pro…t-maximizingbank. The
existenceofbanks is justi…edontwogrounds: …rstly, theyareabletoinvestinpro…table,
long-runtechnologies, whichshort-livedconsumerscouldnotdo. Secondly, banksarepartici-
patinginaninternationalpaymentsystem, enablingitscustomerstomaketransfersabroad.
B ankingsupervision is thetaskofthelocalsupervisor, whomaximizes its owncountry’s
welfare. W eassumethatthelocalsupervisorcanobservetheriskofthelocalbutnotthe
riskoftheforeignbank. Concerningtheprivatebank’s information, westudytwodi¤erent
scenarios. Inthe…rst, weassumethatprivatebankshavethesameinformationasthesu-
pervisors. Itseemsplausiblethatabankoperatinginternationallyisbetterinformedabout
theriskoftheirforeigncounterpartiesthanthelocalsupervisor, soasasecondscenariowe
assumethatprivatebankscanperfectlyobserveeachother’stype.

Intheeconomyanetandagrosssettlementsystemareinoperation. W hilebankshave
freeaccess totheRT G S system, access tothenetsystem is regulated. W eabstractfrom
explicitlymodellingasupranationalregulator. Instead, weassumethatthelocalsupervisors
jointlydecideuponthebanks’accesstothenetsettlementsystem. D uetothedivisionofsu-
pervisorypowersbetweencountries, thesupervisorshavetorelyoneachother’sinformation
whenregulatingaccess tosettlementsystems. W emodelthecommunicationbetweenthe
supervisorsexplicitly. Itisshownthatthesupervisorshaveincentivestounderstatetherisk
ofthelocalbank, becausetheforeigneconomycarries someofthecostsoffailureinanet
settlementsystem. Therefore, thenationalsupervisorsallowtooriskybanksintothenetting
system. O ntheotherhand, theprivatebanksfacelimitedliability, whichinducesthem to
choosenetsettlementtoooftenaswell. Systemicriskisthereforehigherthandesirableboth
whenthepublicandtheprivatesectordecideuponaccesstothenettingsystem. W e…nd
thatiftheprivatebankshavethesameinformationas thesupervisors, thedecisionabout
themodeofsettlementshouldbemadebythesupervisors. H owever, iftheprivatebanks
possess superiorinformationabouttheforeignbanks’risks, itcanbee¢cienttoleavethis
decisiontotheprivatebanks.

T he literatureon large-valuepaymentsystems is relatively small, buttherearesome
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papersthatdealwith issues relatedtoours. T hecoexistenceofnetsettlementandRT G S
system isdiscussedinR ochetandT irole(19 9 6). G iannini andM onticelli (19 9 5) pointout
thatprivatelyorganized nettingsystems mightunderminetheEuropean System ofCen-
tralBanks’objectives ofreducingsystemicrisk. O therauthors (e.g., G iovannini (19 9 2)
andSchoenmaker(19 9 5)) havestudiedproblemsconcerningthedivisionofbankingsuper-
visorypowerswithintheEuropean U nion. Toourknowledge, this is the…rstpaperthat
provides aformalanalysis oftheregulationofinternationalpaymentsystems. A s anovel
feature, wetakethedivisionofsupervisorypowersamongcountriesexplicitlyintoaccount
andendogenizethecommunicationbetweenthenationalsupervisors. Inthemodellingof
thecommunication, wedrawonpreviousworkby, inparticular, CrawfordandSobel(19 82)
andM elumadandShibano(19 9 1).

T hepaperisorganizedasfollows. Insection2, themodelisdescribed. Section3discusses
thee¤ectsofgrossandnetsettlementonthebanks’portfoliochoiceandonsystemicstability.
In section 4, weanalyze theaccess conditions tothe netsystem imposed bythe public
regulators. T his is done…rstundertheassumptionthateachregulatorcanobserveboth
banks’types, andthenassuminglocalsupervision. T heprivatebanks’access criteriaare
derivedinsection5, andthee¢ciencyofprivateandpublicsolutionsarecompared. Some
extensionsofthemodelarediscussedinsection6. Finally, section 7 concludes. A llproofs
areintheappendix.

2.TheM odel

TheEconomy W econsideranO L G modelwithtwocountriesandthreeperiods. T here
aretwogenerationsofcustomers, whoareborneitherattime0 (customers”A”)orattime
1 (customers”B ”). T heylivefor2 periodseach. Customersareendowedwithoneunitof
money. D uringthe…rstperiodoftheirlives, theywishtomakepaymentstocustomers in
theothercountry;e.g., forpurchasinggoods. T hesizeofthepaymentsthatthecustomers
wanttomakeis takentobe…xedandequaltot. T hecustomerswishtoconsumeonlyin
thesecondperiodoftheirlivesandtheyarerisk-neutral.

Ineachcountry, thereisonebank. A ttime0, thebankscollectdepositsfrom thelocal
customersofgenerationA. T hesedeposits canbeinvestedboth incentralbankreserves,
yieldingzerointerest, and in ariskycountry-speci…ctechnologywithapositiveexpected
return. A fterdepositing, customersAcanusetheirdepositstomakepaymentstocustomers
oftheotherbank. A ttime1, customersAwithdrawtheirmoney, andcustomersB deposit.
T hebankcanthususethenewlydepositedfundstopaypartsofitsobligationtocustomers
A. A llcustomersdemandanon-negativeexpectedreturnontheirdeposits.

A ttime 2, the risky technology yields a return ofR , ifsuccessful, and 0 otherwise.
T heprobabilityoffailureofCountryi’s riskytechnology is denoted eqi. In ordertohave
asymmetricinformationabouttheriskinessofthelocalbank, weassumethateqiisarandom
variable. Forsimplicity, itisassumedthateqi isuniformlydistributedbetween 0 and1. T he
realization ofeqi is denoted qi (qi is alsocalled thebank’s ”type”). A ttime 1, therisky
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technologycanbeliquidatedprematurely. L iquidation is costly, andtheriskytechnology
onlypaysL, 0 < L < 1, ifsuccessful, and 0 ifunsuccessful.

PaymentSystems A customerincountryicanmakepaymentstoacustomerincoun-
tryjbytransferringfundsfrom hisaccountatbankitothereceiver’s accountatbankj.
Transfersbetweenbanksaremadeviaapaymentsystem.

Payments can be settled eitherin agross orin anetsettlementsystem. Thegross
settlementsystem operatesonareal-timebasis, wherepaymentsaresettledandclearedim-
mediatelyandirrevocably(RT G S).G rosssettlementrequiresthebankstoholdcentralbank
reservesequaltotheamountthatwillbetransferredtotheotherbank. (W eassumethat
therearenooverdraftfacilities.) Sincethetotaltransfersmadeeveryperiodareconstant
andequaltot, banks havetoholdtreserves ineachperiod. Inanetsettlementsystem,
incomingandoutgoingpaymentsareclearedattheendoftheday, andonlythenetliabilities
aretransferred. T hebankssendandreceivetransfersoft. A slongasthereisnofailure, no
reservesareneededinordertosettle.

W e assume thatagross and anetsettlementsystem are already in operation. T he
twobanks canonlyusethenetsettlementsystem iftheybothagreetoparticipate in it;
i.e. onepartycannotunilaterallysendpaymentsthroughanettingsystem. M oreover, net
settlementhastobeapprovedbythesupervisors. Transfersarethereforeonlynettedoutif
bothsupervisorsandprivatebanksagreeuponit.

TheBankruptcyR ule W eneedtode…neabankruptcyrulethatdeterminesthepayment
obligationsofthetwonettingpartnersinthecasethatoneofthemdefaults. W eassumethat
banksarealwaysobligedtoful…lltheirsettlementobligationstotheotherbank, regardless
ofwhetherthecounterpartyhasdeclaredbankruptcyornot.4 W efurthermoreassumethat
depositors’claims onabank’s assets areseniortoclaims from theotherbank. Ifabank
is notabletoful…llits paymentobligations toeitherthedepositorsortotheotherbank,
ithas todeclarebankruptcy. T heserules imply: (1) afailureofabank’sriskytechnology
leadstobankruptcyofthisbank, and(2 ) inthenettingsystem, theotherbank(ifititself
isnotbankrupt) isobligedtotransferttothefailingbank, whichthereceivingbankthen
willusetopaytoits customers. Becausethetransfertneeds tobemadeonly ifoneof
theparties defaults, butotherwisenets outagainstincomingpayments, werefertoitas
theA dditionalSettlementO bligation (A SO ). Inagrosssettlementsystem, thereisnoA SO
becausesettlementalwaysoccursimmediately.

Supervisionand R egulation In each country, alocalsupervisor(L S) is in chargeof
bankingsupervision. A ttime 0 , thesupervisorincountryi, L Si, canobserveperfectlythe
localbank’stype, qi, butitreceivesnoinformationabouttheforeignbank’stype, qj.

4W ecouldinsteadhaveassumedthatthebanksareonlyliableforthenetamountofoutstandingpayments
(so-called ’nettingbynovation’). For…nancialcontagion tooccur, wewould then need toassumenon-
balancedpaymentstreamssuchthatafailingbankcouldhavenetliabilities.
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T helocalsupervisorsdecidejointlyaboutbanks’accesstothenetsystem. O nlyifboth
supervisorsagree, thebanksinbothcountriesareallowedtosettleonanetbasis. O therwise,
theyhavetousethegross settlementsystem. Thesupervisorsdesignthepaymentsystem
as tomaximizelocalwelfare. W elfare-maximizingaccess regulation, however, depends on
theriskofboththelocalandtheforeignbank, i.e. onthe informationgatheredbyboth
supervisors. T hesupervisors havetherefore incentives toexchange informationaboutthe
riskoftheprivatebanks. W emodeltheinformationexchangeinthefollowingway: Before
thegamestarts(e.g. attimeT = ¡1), thesupervisorsagreeuponaschemethatdecidesfor
which(q1;q2 )netsettlementshouldbeallowed. A tthis stagethereisnocon‡ictofinterest
asthecountriesareidenticalbeforetherisksarerealized. T hesupervisorsthereforechoose
theschemethatmaximizestheexpectedwelfareofthecountries. A fterwards, theregulatory
gameisasfollows: (1) T heprivatebanksapplytosettleonanetbasis, (2 ) T hesupervisors
reportthelocalbanks’typetoeachother. Ifthetypes aresuchthatnettingshould be
allowedaccordingtothepre-negotiatedscheme, thepermissionisgranted. O therwise, the
banksusethegrosssystem. W ediscusstheschemeandtheregulatorygameinmoredetail
later.

W edonotassumethatthereisdepositinsuranceasweareconsideringlarge-valuepay-
mentsystems. T hetransfersinthesesystems, whichusuallyoriginatefromcorporateclients
ratherthansinglehouseholds, areverylarge. D epositinsurance, as itis in place inmost
countries, wouldthereforeonlycoverasmallfractionofthedeposits inquestion.5;6

Information A ttimezero, thelocalbankandlocalsupervisorcanobservethelocalbank’s
type. W eassumethatthesupervisorscannotobservetheriskoftheforeignbank. W econ-
sidertwodi¤erentscenariosregardingtheprivatebanks’information: inthe…rst, thelocal
bankdoesnotreceiveanyinformationabouttheforeignbank’stype. Inthesecond, itcan
perfectlyobservetheforeignbank’s type. A ttime1, supervisors, privatebanks, andcus-
tomersreceiveaperfectsignalaboutthesuccessoftheriskyprojects inbothcountries.

A ssumption1: Thecustomersobservethetypeofsettlementsystem usedattime1.

A ssumption1 impliesthatthecustomersobservethetypeofsettlementsystemusedby
thebanksonlyatthetimewhenthesignalaboutthereturnoftheriskyassetisreceived.7
O urmainresultsdonotdependonthisassumption, butitallowsustosolvethemodelin
closedform. W erelaxA ssumption1 insection6.3.

5In the euro-area, depositinsurance covers between 15.000 and 100.000 euros (see M asciandaroand
Cappella 19 9 9 ). H owever, theaverage sizeofcross-borderpayments forcommercialuse in TA R G ET is
largerthan5.400.000 euro(source: ECB M onthlyB ulletin, N ovember19 9 9 ).

6D epositinsurancewouldintroducenoadditionalmoralhazardproblems inourmodel. T herefore, afull
depositinsurancewould increasethewelfarein thenettingsystem unambiguously, sincebankrunswould
beeliminated. D etailsareavailableuponrequest.

7 Supposetheconsumers could observethe settlementsystem beforemakingtransfers. T hechoiceof
settlementsystem contains informationabouttheriskofthebanks. T heinterestratewouldthereforehave
tobecontingentonthetypeofsettlementsystemchosentoavoidthattheconsumerswithdrawtheirdeposits.
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T hetimingis summarizedasfollows:

T = 0 T = 1 T = 2

morning - bankand supervisoriobserveqi - customersAtransfer - customersB transfer

- banks applytousenetsystem - gross system: settlement - gross system: settlement

- informationexchange

- supervisors decideuponaccess

evening - customersAdeposit - riskyreturns observed - riskyreturns realized

- banks invest - customersB deposit - netsystem: settlement

- netsystem: settlement - customersB withdraw

- customersAwithdraw

3. G rossandN etSettlement

3.1.TheCustomers

A ttime 0 , whenthedepositcontractwiththecustomers A is signed, neitherthebanks’
types northesettlementsystem areknown. H owever, theriskincurredbythecustomers
A whendepositinginthebankdependsonboththesefactors. T hecustomersA therefore
demandaninterestrate, r, whichcompensatesthemforthisrisk. Inthefollowinganalysis,
wewillseethatinthebasemodel, theinterestratedoesnota¤ectthechoiceofsettlement
system. T hisallowsustosolvethegamebackwards: First, thechoiceofsettlementsystem
isdeterminedasafunctionofthebanks’types. T hisisdoneinsections4and5. A fterwards,
we…ndtheinterestratethatensurescustomersA anon-negativeexpectedreturnontheir
deposits. T heinterestrateisderivedinappendixB .

T heO L G structureofthemodelimpliesthatthebanksusecustomers B ’s deposits to
returnthedeposits tocustomersA. A ttime2, thecustomers B arethenpaidbacktheir
depositsoutofthereturnsfrom theriskytechnology. Customers B observeboththetype
ofsettlementsystem andthesuccess oftheriskytechnology in thetwocountries before
depositing. T hecustomers B donotdepositin abankwith an unsuccessfultechnology,
as thebankwillnotbeabletoreturnthedeposits attime 2. In thefollowingsections,
itis discussedunderwhichconditions thecustomers B investinabankwithasuccessful
technology. Fornow, notice: CustomersB facenouncertaintyaboutthevalueofthebank’s
assets. H ence, ifthecustomers B depositinthebank, theydemandzerointerestrate, as
theyarecertaintoberepaid.

3.2. G ross Settlement

Inagross settlementsystem, thebanksneedtoholdtreserves everyperiodtobeableto
settlealloutgoingtransfers. T hebanksusethedepositsofcustomersB topaycustomersA.
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T hecustomersB depositonly1, butthebankshavetopay1 + r tocustomersA. H ence, in
the…rstperiod, thebanksholdadditionalr reservesontopofthesettlementrequirements.
A ttime0 , banksthusmustinvestatleastt+ r intoreservestobeabletoful…llitsobligations
tothecustomersAattime1. Fornow, assumethattheremaining1¡t¡r areinvestedinto
theriskytechnology. InappendixC, weshowthatthis is thepro…tmaximizingportfolio
choiceinequilibrium.

Ifcustomers B deposit, customersA withdraw1 + r attime1. Eachbankholds then
tin reserves and 1¡t¡r in theriskyasset. Iftheprojectis successful, thebanks have
(1¡t¡r)R + tattime2. T herefore, customers B depositifandonlyifthetechnologyis
successfuland

(1¡t¡r)R + t¸1 (3.1)

W eassumethat(3.1) holds.8 Iftheriskytechnology is unsuccessful, customers B do
notdeposit, asthebankcannotreturnthedepositattime 2 . T hebankisthenforcedinto
bankruptcyattime1, becauseitcannotpay 1 + r tocustomersA. Sincetheliquidation
valueofanunsuccessfultechnologyis zero, thecustomers A onlyreceivethereserves that
thebankholds, t+ r.

Forknownqi, banki’sexpectedpro…ts inthegrosssystemare

¼iG (qi) = (1¡qi)[(1¡r¡t)R ¡(1¡t)]: (3.2)

T heexpectedwelfareis

W i
G (qi) = (1¡t¡r)[(1¡qi)R ¡1]: (3.3)

T hehigherthevalueoftransfers, t, thelesse¢cientisgrosssettlement, sincelesscanbe
investedinthemorepro…tableriskytechnology. Similarly, welfareandpro…tsaredecreasing
inthe interestrate, becauseoftheadditionalreserves thatthebankneeds tohold, while
theyareincreasinginthereturnontheriskytechnology.

W elfareandpro…tsdonotcoincidebecauseoflimitedliabilityandbecausethecustomers
face informationalconstraints. T hebankdoes nottake intoaccounttheloss incurredby
thecustomers ifthebankfails, as itfaces limitedliability. Ifthecustomers observedthe
banks’typesandthesettlementsystem chosen, theywoulddemandaninterestthatwould
re‡ectthetrueriskincurredwhendepositinginthebank. T heinterestratewouldmake
thebankinternalizethelossesofthecustomers, andwelfareandpro…tswouldbealigned.
H ere, however, thecustomersobserveneitherthesettlementsystem chosennortherisksof
thebanks. H ence, theycannotadjusttheinterestratetotherisk, andthisdrivesinawedge
betweenpublicandprivateinterests. W ewouldliketoemphasize, as discussed insection
6.3, thatwelfareandpro…tsstillwouldnotcoincideifthecustomersobservedthesettlement
systembutnotthetypesofthebanks.

8 If(3.1) does nothold, thebanks cannotinvestin theriskytechnologywhen settlementis doneona
grossbasis. W elfareandpro…tsarethentriviallyequaltozero.
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3.3. N etSettlement

Inanetsettlementsystem, banksdonotneedtoholdreservesforsettlementpurposes. T hey
stillhavetoholdr topaythecustomersAthepromisedinterestrate. A sbefore, weassume
thattheremaining1¡r is investedintheriskytechnology. InappendixCthis isshownto
beoptimalinequilibrium.

Supposethattheriskytechnologyofoneofthebanksfails. T hebankwiththelowreturn
goesbankruptbecausethecustomers B donotdeposit. T hepro…tsoftheotherbankare
adverselya¤ectedaswellbecauseoftheA dditionalSettlementO bligation(A SO ).Following
ourassumptions, A SO isequaltot. T hebankholdsonlyr reserves, whichithastopayto
thecustomersAattime1. Topay(partsof) A SO , itisnecessarytoliquidateM inf1¡r; t

Lg
oftheriskytechnology. O uranalysisdependscruciallyonwhetherthebankcanrepaythe
customers B afterliquidatingsomeoftheriskytechnology. Ifthebankcannotrepaythe
customers B , thesedonotdeposit, andalloftheriskytechnologyis liquidatedtopaythe
customersA. T his is thecaseof”FullContagion”. O ntheotherhand, ifthebankisable
torepaythecustomers B , thesewilldeposit, andthebanksurvives. W erefertothiscase
as”PartialContagion”.9 PartialContagion(PC)occurs ifandonlyif10

(1¡r¡ t
L
)R ¸1: (3.4)

A ssumption2: Thereis PartialContagion.

T hecaseofFullContagionwillbediscussedinsection6.1. U nderPartialContagion, a
bankwillmakepositivepro…ts ifits ownriskytechnologyis successful(andzeropro…ts if
itisn’t). Pro…ts arehighestiftheotherbankalsosucceeds. Forgiven qi;qj, theexpected
pro…tsofBankitradingwithBankjaregivenas:

¼iN (qi;qj) = (1¡qi)[(1¡r)R ¡1]¡(1¡qi)qjt
R
L
: (3.5)

W eseethatwithnetsettlement, theforeignbank’sfailurerateqjiscrucialforexpected
pro…ts: A highcounterpartyriskreduces pro…tsofparticipatinginthenettingsystem be-
causethereisahighprobabilitythatabankhastopaytheA dditionalSettlementO bligation,
t, tothefailingbank. Pro…ts increaseintheliquidationvalueofasuccessfulproject, since
itreducesthefractionoftheriskytechnologythatneedstobeliquidatedtopayA SO .

T heexpectedwelfareofcountryiis:

W i
N (qi;qj) = (1¡r)[R (1¡qi)¡1]¡t

·
(1¡qi)qj

R
L
¡qi(1¡qj)

¸
: (3.6)

Inthecaseoffailure, customersAreceiveonlyr fromthelocalbank. Inadditiontothis,
thecustomersreceivet(A SO ) fromtheforeignbankifitsurvives.

9 ’Full’and ’Partial’ContagioncorrespondtodeB andtand H artmann’s (19 9 9 ) classi…cationof’weak’
and’strong’contagion.

10 N oticethatcondition (3.4) alsoimplies thattheconsumers B depositin thegross system when the
returnishigh.
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4.PublicR egulation

In this sectionwecharacterizethesupervisors’regulationofaccess tothenetsettlement
system. First, weassumethatthesupervisors observeboththetypeofthelocalandof
theforeignbank(symmetricinformation). T his serves toillustratethepreferences ofthe
supervisors andtoexplain someofthee¤ects drivingthemodel. A fterwards, weturnto
thecompletemodelwheresupervisorsobserveonlythelocalbank’stypeandmustexchange
informationaboutthetypestoregulatee¢ciently(localsupervision).

Inordertopresentthecommunicationbetweenthesupervisorsasclearlyaspossible, we
assumethattheprivatebanksalwaysproposenetsettlement. T hesupervisorsthendecide
howpaymentsshouldbesettled, asthereisnetsettlementiftheyaccepttheproposaland
grosssettlementiftheyrejectit. Insection5, weanalyzethestrategicinteractionbetween
theprivateproposalandthepublicregulation.

4.1.B enchmark: SymmetricInformation

W eanalyzetheoutcomeifthesupervisorsreceiveaperfectsignalabouttheriskofthelocal
andoftheforeignbank. W eassumethatthesupervisorsareinterestedinmaximizingtheir
owncountry’swelfarewhendecidingbetweennetandgrosssettlement.

D e…ne¢ W i(qi;qj) asthewelfaregainofCountryiifthereisnetsettlementinsteadof
grosssettlement:

¢ W i(qi;qj)´W i
N (qi;qj)¡W i

G (qi) (4.1)

= t(R ¡1)(1¡qi)¡qjt
µ
qi+ (1¡qi)

R
L

¶

¢ W 1(q1;q2 ) = 0 and ¢ W 2 (q2 ;q1) = 0 aredisplayedinFigure4.1(a). ¢ W i(qi;qj) = 0
divides the (qi;qj)-spaceintotworegions. Belowthecurve, netsettlementmaximizes the
welfareofCountryi, whilegrosssettlementmaximizeswelfareabovethecurve.

T hesupervisorsallownetsettlementonlyiftheriskoftheforeignbankisnottoohigh.
T his is duetothebasictrade-o¤ betweengross andnetsettlementsystems: Iftheforeign
bankisrisky, gross settlementisthepreferablemodeofsettlement, sinceiteliminatesthe
riskofcontagion. O ntheotherhand, iftheforeignbankisrelativelysafe, netsettlementis
optimalbecausereserverequirementsarelower.

¢ W i= 0 is downwardslopingbecausetheinvestmentintheriskytechnologyis larger
undernetthanundergrosssettlement. T herefore, astheprobabilityoffailureofthistech-
nologyincreases, welfareinthenetsystemdecreasesmorethaninthegrosssystem. Inorder
tokeep indi¤erencebetweennetandgross settlement, theforeignbankmustbeofalower
risktype.

Figure4.1(a) illustrates howtheinterests ofthetwocountries donotcompletelycoin-
cide. IntheregionsA andD, bothcountries preferanetandagross settlementsystem,
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Figure4.1: TheSupervisors’PreferencesovertheM odeofSettlement

respectively. InregionB (C ), however, thesupervisorofcountry1 (2 ), inwhichthebank
withthelowerriskislocated, prefersgrosssettlement, whiletheoneincountry2 (1)prefers
thenetsystem. Thesupervisorofthecountrywiththelowerriskismorereluctanttouse
netsettlement, as itisrelativelymorelikelytopayA SO thantoreceiveit.

4.2. L ocalSupervision

Fromnowonweassumethatthereislocalsupervisionandthesupervisorsobserveonlythe
localbank’stype. A sanintroductoryexample, considerFigure4.1(b). T heprivatebankin
country1 is oftypeq¤1. W elookattheincentivesofthesupervisorinCountry1 (L S1) to
revealthis informationtruthfullytotheforeignnationalbank(L S2 ). L S1 maximizes local
welfare, sohewouldprefernetsettlementwhenevertheforeignbankis ofatypeloweror
equaltoq¤2 . H owever, ifL S1 revealed thetype q¤1 truthfully, L S2 wouldneverallownet
settlement. T herefore, L S1 wouldhaveincentivestotrytoinducethebeliefthatthebank
wasoftypeq¤¤1 . (T helocalbankwouldthenbeallowedtousethenetsystem foralltypes
lowerthanq¤2 .) SupposeinsteadthatL S1 couldonlychoosebetweenrevealingthetruetype,
q¤1, orinducingthebeliefq¤¤¤1 . H ere, L S1 wouldrevealthetypetruthfully, as L S2 otherwise
wouldallownetsettlementtoooften.11

T heexampleshows thatsincethe interests ofthesupervisors arenottotallyaligned,
thesupervisorshaveincentivestoinduceabeliefthatisdi¤erentfromthebank’struetype.
Still, astheincentivesofthesupervisorsaresomewhataligned, theydonotwanttoinduce
beliefsthataretoodi¤erentfromthetruetype. W ewillshownextthatthisfacilitatesthe
informationexchangebetweenthesupervisors.

11IftheL S2 believedthatthebankincountry 1 wasoftypeq¤¤¤1 , hewouldallownetsettlementforall
types lowerthanq¤¤2 . T heforeignbank’s expectedtypegiven netsettlementwouldthus be 1

2q
¤¤
2 . Since

1
2q
¤¤
2 > q¤2 , L S1 wouldprefertorevealthetypetruthfully. A similarexample, explained inmoredetail, is

giveninsection4.3.

11



4.2.1.TheInformationExchange

B oththelocalandtheforeignbank’stypematterwhenthesupervisorshavetodecidebe-
tweenagross andanetsettlementsystem. Toregulatetheinternationalpaymentsystem
e¢ciently, thesupervisorshaveincentivestoexchangeinformationabouttheprivatebanks’
risks. W ehaveinmindasituationwherethenationalsupervisorsaresovereignandarenot
directlysubjecttoanyinternationalauthority. T herefore, wewillassumeitisnotpossible
tosetup amechanism oran institutionthatcanusetransfers toextracttheinformation
abouttheprivatebanks’types. Instead, wemodeltheinformationexchangeinthespirit
of”cheap-talk”: T hesupervisorscancostlesslysignaltheriskoftheprivatebanksthrough
writtenororalcommunication, buttheyonlyvolunteerthisinformationtruthfully(or, parts
ofit) ifitservestheirowninterests. T heexistingliteratureanalyzingsignallinggameswith
costlesssignalslookatsituationswithonesenderandonereceiver(see, e.g., Crawfordand
Sobel(19 82), M elumadandShibano(19 9 1), andStein(19 89 )). W eextendtheanalysis to
thecaseoftwo-sidedcommunicationwherebothpartiessendandreceivesignals. T heresults
obtainedinthissectionarethusofsomeindependentinterest.

T heinformationexchangeismodelledthefollowingway: A tT = ¡1, beforethebanks’
typesarerealized, thesupervisorsagreeuponabindingschemethatmapsthesignalssentby
thesupervisors intoacceptanceorrejectionoftheproposalofnetsettlement. T his scheme
maximizesexpectedwelfare.12 A tT = 0 , aftertheriskshavebeenrealized, thesupervisors
sendasignalaboutthelocalbank’s risk. O ncethesignals havebeensent, thesettlement
system is givenbythescheme.13 T he informationreceivedfrom theforeign supervisoris
con…dential, andsupervisorsdonotpassthis informationontotheprivatebanks.14

T here exists, ofcourse, an incentive compatible schemewhere the supervisors agree
alwaystoimplementeitheragrossoranetsettlementsystem. Proposition1 characterizes
the schemewhen the information exchangematters forthe choice ofsettlementsystem.
Invokingtherevelationprinciple, werestrictattentiontoincentivecompatibleschemes. W e
consideronlyschemesthatarepiecewisecontinuous, symmetric, andspecify(asafunction
ofqi) themaximaltypeoftheforeignbankforwhichnetsettlementisallowed.

Proposition1. Supposetheforeignbank’sriskisuniformlydistributedbetween 0 andq.
A nincentivecompatiblescheme, © n(¢), de…nesforeachlocalriskqithemaximalforeignrisk
qjforwhichtransfersaresettledinanetsystem. © n(¢) ischaracterizedasfollows:
1. © n(¢)consistsofn intervals, n ¸2 . L etintervalz , 1 < z ·n , bede…nedas I z ´(qnz ¡1;qnz ]
withqnz ¡1 < qnz andqnn = q. Interval1 isde…nedas I 1 ´[0 ;qn1].

12 A lternativelywecouldassumethatawelfare-maximizingsupranationalregulatordecideduponaccess
tothenetsystem. A slongashecouldnotusetransferstoextracttheinformationofthelocalsupervisors,
hewouldchoosethesameschemeastheoneimplementedbythelocalsupervisors.

13Sincethesignals arebinding, itis notformallya’cheap-talk’game. W eshowinCorollary1 thatthe
schemesderivedarealsoincentivecompatiblewithnon-bindingsignals.

14W eneedthisassumptiontoensurethattheprivatebanksalwaysinvestasmuchaspossibleintherisky
technology. H owever, thisassumptionisnotcrucialforourresults. W eshowin A ppendixC thatifsignals
werenon-binding, theassumptionwouldnotbenecessaryasthesupervisorswouldexchangelessinformation
abouttheprivatebanks’types.

12



2. © n(¢) = qnn¡ z forqi2 I z , where1· z ·n andqn0 = 0 .
3. fqn1 ;qn2 ;:::;qnn¡1g aregivenasthesolutiontothefollowingsystemofequations:

¢ W i
µ
qnn¡1;

1
2
qn1

¶
= 0

¢ W i
µ
qnn¡2 ;

1
2
(qn1 + qn2 )

¶
= 0

...

¢ W i
µ
qn1 ;

1
2
¡
qnn¡2 + qnn¡1

¢¶
= 0

T he schemeswithtwoandwiththree intervals areshown inFigure4.2. U nderthese
schemes, thesupervisorsrevealthebanks’typestruthfully, andthebanks settleinthenet
systemwheneverqj·© k(qi), k2f2 ;3g.

T hereareseveralthings tonoticeabouttheschemes. First, sincethetwosupervisors
facethesamescheme, itmustbesymmetricaroundthe45-degreeline.15 Second, ascheme
consistsofconstantssegmentswith”jumps”.T heexampleintheprevioussectionillustrated
howthesupervisorswouldhaveincentivestoreportatypethatisnotthetrueone, butclose.
A longtheconstantpartsofthescheme, itmakesnodi¤erencetotellsucha’smalllie’. T he
constantpartsarethusnecessaryfortheschemetobeincentivecompatible. Finally, notice
thattheschemesaresymmetricaround¢ W i(qi;qj) = 0 atthejumps. T his impliesthatif
thelocalbankis locatedatthebordertothenextinterval(i.e. atajump), thesupervisor
isexactlyindi¤erentbetweenbeinginthelowerorintheupperinterval. W eshowthatthis
ensuresthatifthelocalbankisofatypelocatedclosetoajump, thesupervisordoes not
wanttotellasmalllieinordertopretendtobeinthenearbyinterval(anddonetsettlement
withadi¤erentpopulationoftheforeignbank).

T heconstantparts andthejumps aresu¢cienttoruleoutpro…tabledeviationswhere
thesupervisorstellasmalllie. IntheproofofProposition1, weshowthatthesupervisors
neitherhaveincentivestotella’biglie’andreportatypethatisfarfromthetrueone. T he
schemesatis…esthisconditionbecause, asillustratedbytheexample, thebanksdonotwish
toinducebeliefstoodi¤erentfromthetruetype.

W ehavechosentofocus onthecaseofbindingsignals, as itallows foramechanism
where the supervisors reportthe banks’true types. T he nextcorollary shows thatthe
results obtaineddonotdependuponwhethersignals arebindingornot. Ifsignals were
non-binding, thesupervisorswould…rstsendthesignals. A fterhavingreceivedthesignal,
the supervisors would unilaterally decidewhethertoacceptnetsettlement. Corollary 1
showsthatanyschemecharacterizedbyProposition1 wouldalsobeincentivecompatible
withnon-bindingsignals. T heonlydi¤erencewouldbethatinsteadofreportingthetype,

15O therwise, therewouldexistsome(qi;qj)forwhichtheschemewould indicatenetsettlementforone
bankbutnotfortheother.
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Figure4.2: IncentiveCompatibleSchemes

thesupervisorswouldreporttheintervaltowhichthelocalbankbelongs. T hegamewith
non-bindingsignals isexplainedinmoredetailintheproofofthecorollary.

Corollary1. T he schemes characterized by Proposition 1 are also incentive compatible
withnon-bindingsignals.

Finally, wemakeoneadditionalassumption:

A ssumption3: Ifa supervisorreceivednoinformation abouttheforeign bank’s type, he
wouldneverallownetsettlement.

O urresultsdonothingeonthisassumption, butitallowsustorestrictattentiontothe
simplestofthepossiblecases. W erelaxA ssumption3insection6.2.

Proposition2. Considertheschemesde…nedbyProposition1. U nderA ssumption3there
existanunique incentivecompatibleschemewithtwointervals andnonewithmorethan
twointervals.

From Proposition2 thenfollowsthatweonlyneedtoconsiderschemeswitheitherone
interval(i.e. alwaysacceptorrejecttheproposalofnetsettlement)orwithtwointervals.

4.3.The(In)E¢ciencyofPublicR egulation

T heprevioussectionhasshownhowthesupervisorsfaceincentiveproblemswhenexchang-
inginformationabouttheprivatebanks’risk. Inthis sectionweanalyzetheimplications
thishasforpublicregulation.

A sa…rstresult, weshowthattheinformationexchangedoesmakeadi¤erence. Inspite
ofthe incentive problems, the supervisors regulatemore e¢ciently iftheycommunicate.
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Formally, theproofconsists ofshowingthattheexpectedwelfareunderthetwointerval
schemeishigherthanifthebankswoulddoeithernetorgrosssettlementforalltypes.

L emma1. T heschemewithtwointervalsgiveshigherexpectedwelfarethantheschemes
withoneinterval.

Inordertodeterminethee¢ciencyofthepublicregulation, wecomparetheschemewith
thetwo-intervalschemethatwouldbeimplementediftherewerenoincentiveproblems. T his
is thetwointervalschemethatmaximizes expectedwelfareexante;i.e. beforethebanks’
types arerealized.16 A twointervalschemewould, ofcourse, notbeoptimaliftherewere
noincentiveproblems, butthecomparisontellsuswhethertheaccessregulationtothenet
settlementsystem istoostrictortoolax.

Proposition3. Supposetherewerenoincentiveproblem butthesupervisors couldonly
implementschemeswithtwointervals. T hemaximaltypeforwhichthesupervisorwould
allownetsettlementwouldbestrictlysmallerthanq21.

Proposition3, whichisthemainresultofthispaper, showsthattheincentiveproblems
intheinformationexchangeinducethesupervisors tobetoolaxintheiraccesscriteriato
thenetsettlementsystem. A s aresult, thesystemicriskunderpublicregulationishigher
thanoptimal.

T heintuitionbehindthisresultisgivenbyFigure4.2(a). Inequilibrium, netsettlement
isallowedifbothbanksareofatypelowerorequaltoq21. Considertheproblem facedby
asupervisorwhensignallingthelocalbank’stype. Ifhesignalsatypelowerthanq21, there
willbenetsettlementwhenevertheforeignbankisofatypelowerthanq21. If, instead, the
supervisorsignalsatypehigherthanq21, therewillbegrosssettlement. T herefore, thesignal
sentbythesupervisormakesonlyadi¤erenceiftheforeignbankisofatypelowerorequal
toq21. H ence, thesupervisorcomparestheexpectedwelfareundergrossandnetsettlement
conditionalontheforeignbankbeingofatypelowerorequaltoq21. T his is equivalentto
comparingthewelfareundernetandgrosssettlementassumingthattheforeignbankisof
theaveragetype, 12 q

2
1.17 Sincethesupervisorsbasetheirdecisionontheaveragetype, they

allownetsettlementforrealizationswheretheywouldhavepreferredgrosssettlement. For
example, ifthebankinCountry1 isoftypeq21, thereisnetsettlementalsoifq2 2 (12 q21;q21]
- evenifbothsupervisorsunderthesecircumstanceswouldhavepreferredgrosssettlement.

Itisimportanttonoticethattheexcessivesystemicriskunderpublicregulationdoesnot
reducethesurplusofthecustomers. T hecustomersforeseetheequilibriumoutcomeandask
foraninterestratewhichcompensatesthem fortherisktheyincur. Ifthesupervisorshave
toolaxaccesscriteriatothenetsettlementsystem, thecustomersaskforahigherinterest
rateasdepositinginthebankisriskier. T hisreducesthepro…tsforthebanksbecausefewer
reserves canbe invested in thepro…tablelong-runtechnology. In ourmodel, thecostof
excessivesystemicriskisthuscarriedbythebanksratherthanthecustomers.

16Sincebothcountriesareex-anteidenticalitdoesnotmatterwhetherwerefertolocalorglobalwelfare.
17 T his is trueinthismodelsincethetypes areuniformlydistributedandwelfareis linearintheforeign

bank’stypeoncetheowntypeisknown.
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5.ThePrivateBanks

W eturnnowtothesettlementdecisionoftheprivatebanks. Intheprevioussectionitwas
assumedthattheprivatebanksalwaysproposenetsettlement. T herefore, thenationalsu-
pervisorscoulddecidebetweengrossandnetsettlement. T hesupervisors, however, cannot
imposenetsettlementagainstthewishes oftheprivatebanks. Itis thus lefttobeshown
thattheprivatebanksproposenetsettlementintheregionwherethesupervisorsallowit.

T heprivatebanksmove…rstintheregulatorygameandproposehowtosettlepayments.
T heprivatebanks’proposaldependsbothontheregulationtheyforeseeandontheinfor-
mationthattheyhaveabouteachother. T heregulationbythesupervisorswasdetermined
in section 4, soweturn heretotheproposalmadebytheprivatebanks underdi¤erent
informationalassumptions.

T heanalysisoftheprivatebankshasthreeparts. First, wedeterminethepreferencesof
theprivatebanksovernetandgross settlement. A fterwards, wesolvethemodelassuming
thattheprivatebankshavenomoreinformationthanthesupervisors. W eshowthatthe
resultsderivedunderpublicregulationaretheequilibriumoutcome. Itseemsplausiblethat
abankoperatinginternationallycanhavebetterinformationaboutits foreigncounterpar-
ties thanthenationalsupervisor. Ideallytheregulationofthepaymentsystem shouldbe
designedtotakeadvantageoftheprivatebanks’information (seealsoR ochetand T irole
(19 9 6)). T hiswouldbeanargumentforleavingtheaccess regulation inthehands ofthe
privatesector, asitis, forexample, currentlydoneinEuropeanM onetaryU nion. Inthelast
part, wethusexaminewhethersuperiorinformationalonecanjustifya’hands-o¤ ’approach
toaccessregulation.

5.1. G rossandN etSettlement

L etusstartbydeterminingthebanks’preferencesoverthemodeofsettlement. From (3.2)
and(3.5), wederiveathreshold, qPR , fortheforeignbank’srisksuchthatbankiisindi¤erent
betweengrossandnetsettlement:

qPR ´ R ¡1
R

L (5.1)

A bankpreferstonetouttransfersonlyifitscounterpart’sriskoffailureissmallerthan
qPR ;thatis, iftheprobabilityofcontagion is low. T heimportantthingtonoticeis that
aprivatebank’s preferences donotdependon its owntype. Sincethebankfaces limited
liability, itearns zeropro…ts ifitfails itself. Consequently, thebank’s ownriskdoes not
in‡uencethechoicebetweennetandgrosssettlement.

A s longasthelocalbankis successful, itcarriesthefullcostofnetsettlementbecause
itpays A SO iftheforeignbankfails. T hebankdoes not, however, takeintoaccountthe
loss experiencedbycustomers ifbothbanks fail. From pointofviewofwelfare, thebank
choosesnetsettlementtoooftenunlessitissurenottofail. Figure5.1 illustratesthispoint:
qPR isabove¢ W i= 0 exceptforqi= 0 wheretheycoincide.
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5.2. N oInformationalA dvantage

H ereweassumethatneithertheprivatebanksnorthesupervisorsobservetheriskofthe
foreignbank. L ikethesupervisors, theprivatebankscanexchangeinformation. T hebanks
cannotdecidewhethertoimplementanetsettlementsystem ornot, as thenettingmust
beapprovedofbythesupervisors. Instead, weassumethatthebanks canagreeupona
schemethatmapsthesignalssentintoaproposalmadetothesupervisors(i.e. netorgross
settlement). T heanalysis is similartotheonein section4, sowehavedirected ittothe
appendix.

Proposition4. Iftheprivatebankshavenomoreinformationthanthenationalsupervi-
sors, theprivatebanksdonetsettlementifandonlyifq1;q2 ·q21.

T heresults derived in section 4 doholdas longas theprivatedonothavebetterin-
formationthanthesupervisors. W eshowthatprivatebanks proposenetsettlementin a
largerareathanthesupervisors allow. Inequilibrium, thesupervisorsoverruletheprivate
banks’proposalwhenevertheyproposenetsettlementandatleastoneofthebanks is of
typehigherthanq21.

N oticethatqPR < q21, sotheprivatebanksdonetsettlementmoreoftenthantheywould
prefer(seeFigure5.1). H owever, theycannotagreeonaschemethatproposesnetsettlement
inasmallerarea. T hereasonisthattheprivatebanksfacemoresevereincentiveproblemsin
theinformationexchangethanthenationalsupervisorsdo. Forthesupervisors, thebene…ts
ofnetsettlementaredecreasingintheriskofthelocalbank. Theincentivetopretendthat
thelocalbankis ofalowtypeis thus decreasingwiththerisk. Inthecaseoftheprivate
banks, alltypeshavethesameincentivetopretendtobeofalowtype. T hiscanalsobeseen
inFigure5.1 where¢ W i= 0 isdownwardsslopingwhile¢ ¼i= 0 (i.e. qPR ) isconstant. A s
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aresultofthis, theinformationexchangeamongtheprivatebanks islesse¢cientthanthe
oneamongthesupervisors, andthebanksdonetsettlementwheneveritisallowed.

5.3.SuperiorInformation

W enowconsiderthepolarassumptionthatthebanks receiveaperfectsignalabouteach
others’type. T heprivatebanksthenproposenetsettlementiftheyarebothofatypelower
than qPR . T henextpropositionshowsthatgiventhis information, thesupervisorscannot
exchangeanyadditionalinformationandtheyaccepttheprivateproposal.

Proposition5. U ndersymmetricinformationbetweentheprivatebanks, publicregulation
cannotimproveupontheprivateproposal.

Proposition5 implies thatiftheprivatebanks canobserveeachother’s type, theyde-
cidethesettlementmethoddefacto. T henationalsupervisors couldoverruletheprivate
proposal, butinequilibrium theyneverdoso. U ndercircumstances wherethebanks are
likelytohavegoodinformationabouttheircounterparties, forexample, becausetheyoper-
ateinternationally, thisresultgivessomejusti…cationtoleavingtheaccessregulationinthe
handsoftheprivatesector.

6.Extensions

InthissectionwerelaxA ssumptions1-3. W edonotincludethefullanalysisoftheextensions,
asmostpartsaresimilartothebasemodel. Instead, thefollowingcontainsadiscussionof
theresultsobtainedandpointsoutthemostimportantdi¤erences comparedtothemain
text. T hedetailsoftheanalysisareavailableuponrequest. Inallthreeextension, itisnot
possibletosolvethemodelentirelyinclosedform, sowerelypartlyonnumericalsimulations.

6.1.FullContagion

Intheprecedingsection, wefocusedonthecasewherethefailureofonebankdidnotleadto
bankruptcyoftheotherbank(PartialContagion(PC)).Inthissection, weturntotheother
caseofFullContagion(FC)whereabankwithasuccessfulprojectisforcedintobankruptcy
ifits counterpartyinthenettingsystem fails. U nderFullContagion, itis notpossibleto
solvethemodelinclosedform, sincetheschemeagreeduponbythesupervisors andthe
interestrateareinterdependent.

T hefailureofonebankinthenettingsystemobligesthesurvivingbanktopay A SO to
thefailingbank. Fullcontagionoccurs iftheamountofassetsthatneeds tobeliquidated
forthispurposeissolargethatcustomers B cannotgetthepromisedpaymentof1 attime
2.18 A saconsequence, customers B donotdeposit, andthebankmustliquidateitsentire
technology inordertopaytheproceeds tocustomers A. T hus, thebankfails attime1.

18 W earethus inthecaseofFullContagionforlowL (manyassetsneedtobeliquidated), lowR (time2
returngets small), andhight(highA SO ).
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SincetheclaimsofcustomersAareseniortothoseoftheotherbank, thevalueoftheliqui-
dationgoestothecustomersonly, andtheadditionalsettlementtotheotherbankisnotpaid.

T his impliesthatinthenetsystem, thebanksearnpositivepro…tsonlyiftheybothare
successful. Pro…tsandwelfarearegivenas:

¼iN (qi;qj) = (1¡qi)(1¡qj)[(1¡r)R ¡1]: (6.1)

W i
N (qi;qj) = (1¡r)[(1¡qi)(1¡qj)R + (1¡qi)qjL¡1]. (6.2)

N oticethatunderFC, thesizeoftheadditionalsettlementobligation, t, a¤ectsneither
pro…tsnorwelfaredirectlysinceitisneverpaid.19 H ence, bothcountriesareworseo¤ under
FC comparedtoPC: thecountryofthefailure’s originbecauseitdoes notreceive A SO ,
and theothercountrybecausethebankgoes bankrupt. N etsettlementis thereforeless
attractiveunderFC. Inagrosssystem, expectedpro…tsandexpectedwelfareareasunder
PartialContagion. W ede…ne¢ W i

FC (qi;qj)´W i
N ;FC (qi;qj)¡W i

G (qi;qj).

Figure6.1 illustrates howthepreferences ofthesupervisors changeasweswitchfrom
PartialtoFullContagion. T hewelfareundernetsettlementis reduceddiscretelyaswe
entertheregionofFC. H ence, theregion inwhichnetsettlementis preferreddiminishes
(the¢ W i = 0 curves jump inwards). A s aresultofthis, publicregulationbecomesmore
restrictive. Figure6.1 shows howthehighesttypethatis allowed in thenetsettlement
system isreducedfrom q21;PC toq21;FC .

19 thasanindirecte¤ectviatheinterestrate. H owever, atthetimethedecisionaboutsettlementismade,
theinterestrateis …xed.
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L etusnowturntotheprivatebanks. Comparingequations(3.2)and(6.1), we…ndthat
bankiwantstonetouttransferswithbankjifandonlyifqj< qPRFC where

qPRFC =
t(R ¡1)

(1¡r)R ¡1: (6.3)

ConsideragainasetofparametersmarkingtheborderbetweenFullandPartialCon-
tagion. W hile theexpected localwelfare is reduced discretely, thechange in thebanks’
expectedpro…tsisgradual. StartingintheregionofPC andapproachingthebordertoFC,
thepro…tsofthelocalbankgotozerointhestateoftheworldwherethebankhastopay
A SO . O ntheborder, and intheregionFC, thepro…ts arezerointhis stateoftheworld.
A sthereisnodiscontinuityinthepro…tsfrom PC toFC, thereisnodiscontinuityinqPR .

U nderFullContagiontheproblemofbanks’limitedliabilityismoreseriousthanitwas
underPartialContagion: Evenifonlyoneofthebanksfails, customers A receivelessthan
thepromisedamountof1 + r (underPC thiswasthecaseonlyifbothbanksfailed). T he
banksdisregardthewelfareofthecustomersandproposenetsettlementfortoohighrisks.
B ecausethewelfarecostofnetsettlementishigherunderFullContagion, thewedgebetween
privateandpublicinterests iswider. T herefore, thesupervisorsmightoverruletheprivate
proposalalsoiftheprivatebankshaveperfectinformationabouteachothers’types;unlike
underPartialContagion. T hecaseforactivepublicinvolvementinaccessregulationisthus
strongerifthesystemicimpactofaforeignfailureishigh.

6.2.SchemesW ithM oreThanTwoIntervals

A ssumption3wasaveryconvenientassumption, as itallowedus tofocusonthesimplest
casewherenoincentivecompatibleschemeswithmorethantwointervals existed. Ifthe
privatebanksobserveeachothers’type(SuperiorInformation), arelaxationofA ssumption
3does notchangetheresults. T heprivatebankswillas beforedecidethemodeofsettle-
ment.20 But, iftheprivatehavenomoreinformationthanthesupervisors(N oInformational
A dvantage), relaxingA ssumption3 changes theanalysis ofthegame, butnotnecessarily
theequilibriumoutcome.

Suppose from nowon thatneithertheprivatebanks northe supervisors observethe
foreignbank’stype. W e…rstconsiderthecasewheretheprivatebanksalwaysproposenet
settlement.21 H ere, thesupervisors decidewhetherthebanks shouldnetouttransfers or
settlethem inthegrosssystem. W eobtainthefollowingresultaboutthepublicinformation
exchange:

L emma2. IfA ssumption3doesnothold, thereexistuniqueincentivecompatibleschemes
withtwoandwiththreeintervals.

N umericalsimulationsshowthattherecannotexistanincentivecompatibleschemewith
4 intervals. Itis possibletoshowthatthis implies thattherecannotexistschemeswith

20T hereadercanverifythattheproofofProposition5 doesnotmakeuseofA ssumption3.
21 A s inthebasemodel, itisneveroptimalfortheprivatebanksalwaystoproposegross settlement.
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Figure6.2: TheEquilibrium ExchangeofPrivateBanksandSupervisors

morethanfourintervalseither. T herefore, thesupervisorscanexchangeinformationusing
eitheratwoorathreeintervalscheme(© 2 and© 3, respectively). Figure4.2 illustratedthese
schemes. T hesupervisorschoose© 2 formostvalues, asitgivesthehighestexpectedwelfare.
H owever, forhighR , itis © 3 thatapproximatesthepreferencesofthesupervisorsbestand
istheoptimalchoice.

Supposenowthattheprivatebanksexchangeinformation. T heschemethattheprivate
banksagreeuponhasthefollowinggeneralform: T heprivatebanksproposenetsettlement
ifandonlyifatleastoneofthebanksisofatypelowerorequaltoeqPR . L etus…rstconsider
thecandidateequilibriumwherethesupervisorsafterwardsagreeupon© 3. Itcanbeshown
thatforeseeing© 3, theprivatebanks proposenetsettlementinastrictlylargerareathan
© 3. T hethreeintervalschemeisthereforeasde…nedbyProposition1, andthesupervisors
sometimesoverruletheprivateproposal. T hiscandidateequilibrium is illustratedinFigure
6.2(a)wheretheprivateschemeisdenoted©PR

3 .

A lternatively, thesupervisors canagreeuponatwointervalscheme. H ere, theprivate
andthepublicschemeoverlap. A saresult, thepublictwointervalschemegivenbyPropo-
sition 1 is notincentivecompatible. Instead, theprivateandthepublicschememustbe
determined simultaneously. D enotethepublicschemeobtained by e© 2 . eq21 is theborder
betweenthe…rstandthesecondintervalofthepublicscheme. T hiscandidateequilibrium,
which is illustrated inFigure6.2(b), works thefollowingway: T heprivatebanks propose
netsettlementifoneofthebanks(orboth) isofatypelowerorequaltoeqPR2 . T heprivate
proposalisacceptedonlyifbothbanksareofatypelowerorequaltoeq21.

W eseethatthesupervisorscanalsochoosebetweenatwoandathreeintervalschemeif
theprivatebanksexchangeinformation(eventhoughthetwointervalschemeisdi¤erent).
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Itturnsoutthatthetwointervalschemeisoptimalforthesupervisors. Iftheprivatebanks
exchangeinformation, thesupervisorsrespondbyusingtheschemee© 2 .

L etusconsidertheequilibriumofthefullgame. T heprivatebanksmove…rstanddecide
whethertoexchangeinformationornot. N umericalsimulationsshowthattheprivatebanks
prefer© 2 toe© 2 . A slongasthesupervisorschoose© 2 ratherthan© 3, itisthusthesubgame
perfectequilibriumthattheprivatebanksalwaysproposenetsettlement. T hisequilibrium
isthesameas inthebasemodel. H owever, theprivatebanksprefere© 2 to© 3. ForhighR ,
wherethesupervisorswouldchoose© 3 iftheprivatebanksalwaysproposednetsettlement,
theprivatebanksexchangeinformationinordertoinducethesupervisorstoplaythescheme
e© 2 insteadof© 3.

6.3.ContingentInterestR ates

W ehaveassumedthroughoutthepaperthatcustomersobservethetypeofsettlementsys-
temusedonlyattime1. Inthis sectionwerelaxthisassumption. Customersnowdemand
an interestratethatis contingentonthetypeofsettlementsystem implemented. W eare
interestedinwhethercontingentinterestrateeliminatesthewedgebetweenpro…tsandwel-
fare. B ecauseofcomputationalcomplexity, mostresultsderivedherearenumerical.

Itis notapriori clearwhetherthe interestrate is highestin thegross orin thenet
settlementsystem, astherearetwoe¤ectsatplay. First, thecustomersknowthatiftheir
bankis in agross settlementsystem, thehigherreserveholdings implythatitreturns a
largershareofthedepositifitfails. T his e¤ectgoes in thedirectionofalowerinterest
rateinthegross settlementsystem. Second, thecustomersupdatetheirbeliefs aboutthe
banks’typesafterhavingobservedthemodeofsettlement. G rosssettlementisabadsignal
aboutthebank’s type, sinceatleastoneofthebanks mustbeofahighrisktype. T his
e¤ectimplies ahigherinterestrateinthegross system as tore‡ectthehigherprobability
offailure. T henumericalanalysisshowsthattheseconde¤ectusuallydominates. Formost
parametervalues, theinterestrateinthegrosssystemishigherthantheoneinanetsystem.

D enotetheinterestrates inthegross andnetsystem by rG and rN , respectively. T he
gaininwelfareandpro…tsfromnettingarenow

¢ W i= (t+ rG ¡rN )[(1¡qi)R ¡1]+ qit¡qjt
·
R
L
(1¡qi)+ qi

¸
;

¢ ¼i´¼ N (rN )¡¼ G (rG ) = (1¡qi)
·
(rG ¡rN )R + t

µ
R ¡1¡qj

R
L

¶¸
:

A spreadintheinterestratesrG > rN increasestheamountofreservesthatmustbeheld
undergrosssettlementrelativetonetsettlement. H ence, iftheinterestratesarecontingent
onthemodeofsettlement, netsettlementbecomes moreattractive. T heregionwithnet
settlementislargerthaninthebasemodel. N oticethat@¢ W i=@(rG¡rN ) < ¢ ¼i=@(rG¡rN ).
T hespreadin interestrates has alargere¤ectontheprivatechoiceonhowtosettlethan
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Figure6.3: Contingentvs. N on-ContingentInterestRates

ithasonthepublicone.22 T herefore, thesupervisorsmightoverruletheprivateproposalof
netsettlementeveniftheprivatebanksobserveeachothers’type.

A sanexample, considerFigure6.3wherethepublicandprivatepreferencesaredisplayed
forthesamesetofparametervalues. T heregionofnettingis largerwithcontingentrates,
independentlyofwhodecides uponthemodeofsettlement. T hedi¤erenceis greatestfor
theprivatepreferences.

T henumericalanalysis veri…es thatwith contingentinterestrates, banks’pro…ts still
donotcoincidewithwelfare. T he intuition is, as explainedearlier, thattheinterestrate
does notre‡ectthetruerisk, sincethecustomersdonotobservethebanks’types. T hus,
contingentinterestratesarenotenoughtoeliminateincentiveproblemsinaccessregulation.

7 .Conclusion

Inthispaper, wehaveanalyzedtheregulationofaccesstointernationallarge-valuepayment
systemswhensupervisionofthebankingindustryisanationaltask. W emodeledthereg-
ulators’decisiontoprovideaccesstogrossandnetsettlementsystems. A sanovelfeature,
thecommunicationbetweenthesupervisorsabouttheprivatebanks’riskwasendogenized.
Furthermore, westudiedtheoutcomethatprivatebankswouldchooseiftheywerenotsub-
jecttoregulation, andcomparedthee¢ciencyofpubliclyandprivatelyregulatedsystems.

Boththepublicandprivatesolutionsareshowntobeine¢cient, sincetooriskybanks
areallowedintothenettingsystems. Systemicriskisthereforehigherthandesirable. U nreg-

22T hehigherinterestrateinthegross system increases thewelfareoftheconsumers inthestateofthe
worldwherethetwobanksfail. T his isnottakenintoaccountbytheprivatebanks. Fortheprivatebanks,
therelativeattractivenessofnetsettlementthusincreasesmoreinrG ¡rN thanitdoesforthesupervisors.
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ulatedprivatesystemsaretooriskybecausebanksfacelimitedliability. Banksdotherefore
nottake intoaccountthefullcostofbankruptcy. T he ine¢ciencyofthepublicly imple-
mented system stems from nationalsupervision. T henationalsupervisors’ incentives are
notperfectlyaligned, becausetheforeigneconomycarries someofthecostsoffailureina
netsettlementsystem. T herefore, thelocalsupervisors have incentives tounderstatethe
riskofthelocalbanktoinducenetsettlementincaseswheretheforeigneconomywould
prefergrosssettlement.

W e…ndthatiftheprivatebankshavethesameinformationas thepublicauthorities,
thedecisionaboutthemodeofsettlementshouldbemadebytheregulators. H owever, if
theprivatebankspossesssuperiorinformationabouttheforeignbank’srisk, say, becauseof
ahighdegreeofintegrationin…nancialmarkets, itcanbee¢cienttoleavethisdecisionto
theprivatebanks. Privateaccess regulationdoes especiallywellintermsofwelfareifthe
systemicimpactofafailureislow, astheprivatebanks internalizemostofthecostsofnet
settlement. O ntheotherhand, whenfailurespropagatethroughthesystem, thecustomers
bearmostofthecostofthesystemiccrisis. T hen, thecaseforpublicregulationisstronger.

O urmodelcouldbeappliedtothesituationintheeuro-areawhereinternationalRT G S
andnettingsystemscoexist. Itpointsoutcircumstancesunderwhicha”hands-o¤ ” policy
shouldbefollowedwithregardtopaymentsystemregulation. A ccordingly, themodelgives
somejusti…cationtotheEuropeandecisionofleavingtheimplementationofnettingsystems
inthehandsoftheprivatesector. T heframeworkcouldalsobeusedtoanalyzedomestic
paymentsystems inwhichforeignbanks participate. Ifthesebanks aresubjecttohome-
country supervision, similarcommunication problems can arise between host- and home
countrysupervisors. Finally, thecommunicationexchangemodelledinthis papercouldbe
usedtostudythesupervisoryframeworknotonlyforpaymentsystems, butmoregenerally
forinternationalbanking.
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A . ProofsofPropositionsandR emarks

A .1.Proposition1

W elookforanincentivecompatibleschemesuchthatifasupervisorsignalsthatthetypeof
theprivatebankisqi;hecommitstosettlingonanetbasiswhenevertheforeignsupervisor
signals qj· © n(qi). Forthis schemetobefeasible, in thesensethatalltypes settlenet
whenevertheforeignbankhasarisklowerthan© n(¢), © n(¢) hastobesymmetric: © n(¢) =
(© n)¡1(¢) forallq2 [0 ;q]. D e…nef1(q1) st. ¢ W 1(q1;f1(q1)) = 0 . Itfollowsfrom (4.1):

f1(q1) =
(1¡q1)(R ¡1)L
q1L + (1¡q1)R

(A .1)

and
(f1)¡1(q) =

(R ¡1)L¡qR
(R ¡1)L¡q(R ¡L)

:

Step1: f1(¢) is notsymmetric:

Proof: Forall0 < L < 1 and R > 1 wehavethatf1(0 ) < (f1)¡1(0 ). f1(¢) is therefore
notsymmetric.

Step2: © n(q) cannotbecontinuouslyincreasingordecreasingonanopenset.

Proof: Supposethereexists someq st. © n(q) < f1(q). If© n(¢) is strictly increasing,
thereexists some" st. © n(q) < © n(q + ") ·f1(q). A supervisorwithaprivatebankof
type q willthereforehave incentives todeviateand signalthetype q + ". O n theother
hand, if© n(¢) is strictlydecreasing, thereexistsome" st. © n(q) < © n(q¡")·f1(q). A
supervisorwithaprivatebankoftypeq willthereforehaveincentives todeviate. A simi-
larargumentappliesto© n(q) > f1(q). If© n(¢) is strictlyin- ordecreasingonanopenset,
ithastobethat© n(¢) = f1(¢). H owever, asf1(¢) isnotsymmetric, thisnotafeasiblescheme.

Step 3: Supposethere is adiscontinuityatqni s.t. lim
q! (qni)¡

© n(q) = qnj+ 1 and lim
q! (qni)+

© n(q) = qnj and qnj6= qnj+ 1. Thenithastohold:

¢ W i
µ
qni;

1
2
¡
qnj+ qnj+ 1

¢¶
= 0 . (A .2)

Proof: Incentivecompatibilityrequires thatallqi2 (qni¡1;qni]prefertosettlenetwith
allqj·qnj+ 1, insteadofdoingnetsettlementonlywithqj·qnj, whiletheoppositeis true
forqi2 (qni;qni+ 1]. T hisleadstothefollowingtwoincentivecompatibilityconstraints:

q¡qnj+ 1
q

W i
G (q)+

qnj+ 1
q

W i
N

µ
q;
qnj+ 1
2

¶
¸q¡qnj

q
W i

G (q)+
qnj
q
W i

N

µ
q;
qnj
2

¶
8q2 (qni¡1;qni]

q¡qnj+ 1
q

W i
G (q)+

qnj+ 1
q

W i
N

µ
q;
qnj+ 1
2

¶
·
q¡qnj
q

W i
G (q)+

qnj
q
W i

N

µ
q;
qnj
2

¶
8q2 (qni;qni+ 1].
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U sing(3.6) and(4.1), theseconstraintsreduceto:

¡
qnj+ 1¡qnj

¢
¢ W i

µ
q;
1
2
¡
qnj + qnj+ 1

¢¶
¸0 8q2 (qni¡1;qni] (A .3)

¡
qnj+ 1¡qnj

¢
¢ W i

µ
q;
1
2
¡
qnj + qnj+ 1

¢¶
·0 8q2 (qni;qni+ 1]. (A .4)

(A .2) followsthenfromcontinuityof¢ W i
¡
q; 12

¡
qnj + qnj+ 1

¢¢
.¤

Step4: Incentivecompatibilityrequires qnj < qnj+ 1:

Proof: ¢ W i
¡
qni;

1
2

¡
qnj+ qnj+ 1

¢¢
= 0 forqni > 0 impliesthat

1
2
¡
qnj + qnj+ 1

¢
<
(R ¡1)L

R
(A .5)

Supposethatqnj > qnj+ 1. (ICC1) then implies that¢ W i
¡
q; 12

¡
qnj + qnj+ 1

¢¢
· 0 forall

q2 (qni¡1;qni]. U sing(A .2), wecanthuswrite(ICC1) as

¢ W i
µ
qni;

1
2
¡
qnj+ qnj+ 1

¢¶
¸¢ W i

µ
q;
1
2
¡
qnj+ qnj+ 1

¢¶
8q2 (qni¡1;qni].

Solvingthisconditionweobtain 1
2

¡
qnj + qnj+ 1

¢
¸ (R ¡1)L

R ¡L , whichcontradicts (A .5). Similarly,
itcanbeshownthatifqnj < qnj+ 1, theschemeis incentivecompatibleforall12

¡
qnj+ qnj+ 1

¢
<

(R ¡1)L
R ¡L , which is satis…ed. W ehavethereforeshownthatitis notoptimaltodeviatetoa

neighboringinterval. Itcanbeshownalongthesamelinesthatitisnotoptimaltodeviate
toanyotherinterval. (A .2) andqnj < qnj+ 1 arethereforesu¢cientconditionsforthescheme
tobeincentivecompatible.

Step5: ThesystemofequationsinProposition1 characterizingfqn1 ;qn2 ;:::;qnn¡1g follows
from symmetryof © n(¢); (A .2), and qn1 < qn2 < :::< qnn¡1.¤

A .2.Corollary1

Ifthesignals arenon-binding, thetimingis thefollowing: Firstthesupervisors simulta-
neouslysendasignalabouttheirtype. A fterwards theydecidesimultaneouslywhetherto
acceptortorejectnetsettlement. N etsettlementisonlyimplementedifbothsupervisors
acceptit.

Inequilibrium, thesupervisorsdonotsignalthelocalbank’stypebutinsteadtowhich
intervalitbelongs (see, e.g., CrawfordandSobel(19 82) and Stein (19 8 9 )). A ssumethat
theintervalsaregivenbyProposition1. W ewanttoshowthattheschemes characterized
byProposition 1 aresustainable in thefollowingsense: T hesupervisors truthfullyreveal
towhich intervaltheprivatebanks belong, andaprivatebankin intervalIi is allowedto
donetsettlementifandonlyiftheforeignbankbelongstoanintervalsmallerorequaltoI n¡i.
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Supposethattheforeign supervisortruthfullyreveals theforeignbank’s interval. T he
expectedtypeofabankinintervalI z is 1

2 (q
n
n¡ z ¡1 + qnn¡ z ):Considerq2 Ii. FromProposition

1 wehave
¢ W i

µ
qni;

1
2
¡
qnn¡i¡1 + qnn¡i

¢¶
= 0 .

A sqni istheupperlimitofIi, allbanksin Iiareallowedtosettlenetwithaforeignbank
in I n¡i. Itfollows immediatelythattheprivatebankis alsoallowedtodonetsettlement
iftheforeignbankbelongstoanintervallowerthan I n¡i. Considerinsteadqni¡1;thelower
limitofIi. Since

¢ W i
µ
qni¡1;

1
2
¡
qnn¡i+ qnn¡i+ 1

¢¶
= 0 ,

itfollowsthataprivatebankin Ii is notallowedtodonetsettlementwithaforeignbank
in I n¡i+ 1 (orahigherinterval).

W eseethatalocalbankin Ii isallowedbythesupervisortonettransfersoutwiththe
foreignbankifandonlytheifforeignbankbelongstoanintervalinfI 1;:::;I n¡ig;i.e. forall
qj·qnn¡i.

Itis lefttoshowthatthesupervisors revealtruthfullythe intervaltowhichthelocal
bankbelongs. Ifthelocalsupervisorsignalstruthfullythatthelocalbankis in Ii, itcando
netsettlementwithallforeignbanksinfI 1;:::;I n¡ig. Itcouldinsteadsignalthattheprivate
bankbelongstoI z , z < i. T heforeignsupervisorwouldallownetsettlementiftheforeign
privatebanksbelongedtofI 1;:::;I n¡ z g. H owever, asthelocalsupervisordoesnotallownet
settlementiftheforeignbankbelongstofI n¡i+ 1;:::;I n¡ z g, truthfulrevelationgivesthesame
expectedwelfareassignallingalowerinterval. ConsiderinsteadadeviationtoIy, y> i. T he
foreignsupervisorthenallowsnetsettlementforallfI 1;:::;I n¡yg. H eretruthfulrevelation
dominates signallingIy as thelocalsupervisorprefers netsettlementiftheforeignprivate
banks belongs tofI n¡y+ 1;:::;I n¡ig. T hesupervisors thus revealtruthfullythe intervalto
whichthelocalbankbelongs.¤

A .3.Proposition2 andL emma2

A .3.1.ExistenceandU niquenessoftheSchemewith2 Intervals

From Proposition 1 itfollows thatq21 is given as thesolution to¢ W i
¡
q; 12 q

¢
= 0 . T his

impliesthat

¡1
2
(R ¡L)q2 +

µ
1
2
R + (R ¡1)L

¶
q¡(R ¡1)L = 0 (A .6)

Itcanbeshownthatthereisonlyonerelevantsolutiontothis equationandthatq21 2
(0 ;1). Solving(2.1) gives:

q21 =
1
2 R + (R ¡1)L¡

q¡
1
2 R + (R ¡1)L

¢2 ¡2 (R ¡L)(R ¡1)L
R ¡L

: (A .7 )

N otethatthisresultdoesnotdependonA ssumption3.
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A .3.2.ExistenceandU niquenessoftheSchemewith3Intervalsormore

Step 1: Showthatqn1 ·q21 ·qnn¡1:

Since¢ W (qi;qj) = 0 is downwardsloping, for¢ W (x1;y1) = 0 and¢ W (x2 ;y2 ) = 0 , we
havex1 < x2 () y1 > y2 .

Fromtheincentiveconstraints, weknowthatif© 2 and© n exist, thenwehave

¢ W (q21;
1
2
q21) = 0 (A .8)

¢ W (qnn¡1;
1
2
qn1 ) = 0

Supposenowqnn¡1 < q21. Itfollowsfrom (A .8) thatqn1 > q21. B utthis is acontradiction
sinceqn1 < qnn¡1. T hus, q21 ·qnn¡1. U singasimilarargument, itfollowsthatqn1 ·q21.

Step2: Inductivede…nitionofsets.

Consideraschemewith n intervals andassumethatn is even. T hesetsarede…nedin
ananalogouswayforn uneven. Fromstep1, weknowthatq21 ·qnn¡1 ·q. D e…nebyS1 the
setofallqnn¡1 forwhichthis istrue,

S1 = fqnn¡1 :q21 ·qnn¡1 ·qg:

N otethatthis setis identicalforalln.

N owregardthe…rstoftheincentiveconstraints, ¢ W (qnn¡1;
1
2 q

n
1) = 0 . U singthisequation,

wecancharacterizethesetofallpossible(qn1 ;qnn¡1), whichwedenoteS2 . Twoconditions
needtobeful…lledforqn1 toformpartofan -intervalscheme: Firstly, qn1 needstoful…llthe
…rstincentiveconstraintforaqnn¡1 2S1. Secondly, qn1 needstosatisfy0 ·qn1 ·q21 (seestep
1). W ecanthende…neS2 as:

S2 =
½
(qn1 ;q

n
n¡1) :0 ·qn1 ·q21 and¢ W (qnn¡1;

1
2
qn1) = 0 andqnn¡1 2S1

¾
:

N ext, regardthelastofthe incentiveconstraints, ¢ W (qn1 ;
1
2 (q

n
n¡1 + qnn¡2 )) = 0 . T his

equationimplicitlyde…nesqnn¡2 asafunctionofqn1 andqnn¡1. Similarlytoabove, wecannow
de…neasS3 thesetofallpossible(qn1 ;qnn¡2 ;qnn¡1)whichful…llthis lastincentiveconstraint
foralladmissibleqn1 andqnn¡1, andwhoareintherelevantrange, i.e. ful…llqn1 ·qnn¡2 ·qnn¡1.
T hissetisgivenby:

S3 =
½
(qn1 ;qnn¡2 ;qnn¡1) :qn1 ·qnn¡2 ·qnn¡1 and¢ W (qn1 ;

1
2 (q

n
n¡1 + qnn¡2 )) = 0

and(qn1 ;qnn¡1)2S2

¾
:

In asimilarfashion, wecan nowproceedusingthe second constrainttoobtain aset
thatincludes qn2 (denotedS4 ), thesecond-lastconstrainttoobtainasetthatincludes qnn¡3
(denotedS5),
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etc., untilwehavecoveredallbutthelastconstraint:

S4 =
½
(qn1 ;qn2 ;qnn¡2 ;qnn¡1) :qn1 ·qn2 ·qnn¡2 and¢ W (qnn¡2 ;

1
2 (q

n
1 + qn2 )) = 0

and(qn1 ;qnn¡2 ;qnn¡1)2S3

¾

...

Sn¡1 =

8
<
:

(qn1 ;::;qnn¡1) :qnn=2¡1 ·qnn¡n=2 ·qnn¡n=2 + 1
and¢ W (qnn=2¡1;

1
2 (q

n
n¡n=2 + qnn¡n=2 + 1)) = 0

and(qn1 ;:::;qnn=2¡1;qnn¡n=2 + 1;:::;qnn¡1)2Sn¡2

9
=
; :

Sn¡1 isofthesamedimensionasasolutiontothescheme, butitdoesnottakethelast
constraintintoaccount. W ede…nethesetSn thesamewayasbefore. T his, however, implies
thattheelements inSn areofonedimensionhigherthanthesolution. Inparticular, the
elementsinSn havetwoentriesqn¡n=2 (de…nedinSn¡1)andqnn=2 (de…nedinSn)referringto
thesamevariable.

Sn =

8
<
:

(qn1 ;::;qn=2¡1;qnn=2 ;qn¡n=2 ;::;q
n
n¡1) :qnn=2¡1 ·qnn=2 ·qnn¡n=2

and¢ W (qnn¡n=2 ;
1
2 (q

n
n=2¡1 + qnn=2 )) = 0

and(qn1 ;::qn=2¡1;qn¡n=2 ;:;qnn¡1)2Sn¡1

9
=
;

Step3: Conditionsforexistenceofaschemewith n intervals.

T he elements in Sn contain twoentries correspondingtothe variable qn=2 (eqnn=2 and
qn¡n=2 ). H ence, thereexistaschemewith n intervals ifandonlyifthereexistsanelement
inSn satisfyingqnn=2 = qn¡n=2 and 0 < qn1 < :::< qnn¡1 < 1. N oticethatthesetSiis identical
forallschemeswith iintervals ormore, becausetheconstraints de…ningthesets arethe
same. IfSi = ;, itimplies thattherecannotexistaschemewithiintervals. H owever, it
alsoimpliesthattherecannotexistschemeswithmorethaniintervals, as allsets derived
inductivelyfromSiareempty.

Step4: @qnn¡2
@qnn¡1

·0 (> 0 ) ifA ssumption3holds (doesnothold).

U nderA ssumption 3, the supervisors willnotallownetsettlementiftheyreceiveno
additionalinformationabouttheforeignbank’stype. Ifthesupervisorsreceivenoinforma-
tion, theexpectedtypeoftheforeignbankis 1

2 . U nderA ssumption3, itmustholdthat
¢ W i(q; 12 )·0 forallq2 [0 ;1]. T hisconditionissatis…edifandonlyif2 (R ¡1)L=R ·1.

W ewillneedanadditionalbitofnotation. From thede…nitionsofthesets, itcanbe
seenthatallthevariablescanbewrittenasafunctionofqnn¡1. W ethusdenoteqni(qnn¡1)the
valueofqni asafunctionofqnn¡1. U sing¢ W (qnn¡1;

1
2 q

n
1) = 0 and¢ W (qn1 ;

1
2 (q

n
n¡1 + qnn¡2 )) = 0 ,

wehave:

qnn¡2 (q
n
n¡1) =

2 (R ¡1)L(1¡qn1)
qn1L + (1¡qn1)R

¡qnn¡1 whereq
n
1 =

2 (R ¡1)L(1¡qnn¡1)
qnn¡1L + (1¡qnn¡1)R

.
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Takingthederivativewithrespecttoqnn¡1 yields:

@qnn¡2
@qnn¡1

=
4 (R ¡1)2 L4

(qnn¡1L + (1¡qnn¡1)R )2 (qn1L + (1¡qn1)R )2
¡1.

Fromthisfollowsthat@qnn¡2
@qnn¡1

·0 impliesthat

2 (R ¡1)L 2
qn1L + (1¡qn1)R

·qnn¡1L + (1¡qnn¡1)R .

U singtheexpressionqn1 = 2 (R ¡1)L(1¡qnn¡1)=(qnn¡1L + (1¡qnn¡1)R ), thisreducesto

qn1 ·
R (1¡qnn¡1)

qnn¡1L + (1¡qnn¡1)R
.

Itiseasytoverifythatthisconditionis satis…edifandonlyifA ssumption3holds.

Step 5: U nderA ssumption3thereexistsnoschemewiththreeintervalsormore.

B eforestudyingS3, letusdetermineS2 . Itiseasytoverifythatallvaluesofqnn¡1 inS1
alsoareapartofS2 . qn1(¢) is strictlydecreasingandcontinuous in qnn¡1 andtakesonthe
valuesbetweenqnn¡1(q21) = q21 andqn1(1) = 0 .

L etusnowturntoS3. Suppose…rstthat2 (R ¡1)L=R < 1. Forqnn¡1 = q21, thelowest
valueofqnn¡1inS2 , wehaveqn1(q21) = q21. T his implies thatqnn¡2 (q21) = 0 . Itfollows that
(qn1 ;qnn¡2 ;qnn¡1) = (q21;0 ;q21) =2 S3 as qn1 (q21) > qnn¡2 (q21). Forqnn¡1 > q21, qnn¡2 (q21) < 0 , as
@qnn¡2
@qnn¡1

< 0 . T his violates 0 ·qn1 ·qnn¡2 , soS3 = ;. SinceS3 is empty, therecannotexist
schemeswiththreeintervalsormore. N ext, consider2 (R ¡1)L=R = 1. H ere, S3 consistsof
theelement(qn1 ;qnn¡2 ;qnn¡1) = (0 ;0 ;1). Forn = 3, thereexistnosolution, sincethecondition
q31 > 0 is notsatis…ed. T herealsoexistnoschemes withmorethan n intervals, as the
conditionqnn¡2 > qn1 isviolated.

Step6: IfA ssumption3doesnothold, thereexistsauniqueschemewiththreeintervals.

(ProofofL emma2) A s instep 5, westudyS3. W ehaveqn1(q21) = q21 > qnn¡2 (q21) = 0 . For
qnn¡1 = 1, thehighestvalueofqnn¡1 inS2 , wehaveqn1(1) = 0 < qnn¡2 (1) =

2 (R ¡1)L
R ¡1. InS2 ,

qnn¡1 takesonallvaluesbetweenq21 and1. qn1(¢)andqnn¡2 (¢)arecontinuousinqnn¡1. T herefore,
sinceqn1(¢)andqnn¡2 (¢)arestrictlydecreasingandincreasinginqnn¡1, respectively, thereexists
auniqueqnn¡1, qnn¡1, belongingto(q21;1) suchthat0 < qn1 (qnn¡1) = qnn¡2 (qnn¡1) < qnn¡1 < 1.
W econcludethatthereexistsauniqueschemewiththreeintervals.¤

A .4. L emma1 andProposition3

W eneedtoshowthatthetwo-intervalschemeleadstoahigherexpectedwelfarethanwould
alwayschoosinggrossornetsettlement. Ifthesupervisors implementtheschemewithtwo
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intervals, theycanalways obtainagross settlementsystem bysignallingqi = 1. In equi-
librium, however, thesupervisors signalthebanks’truetypes. Itfollows from arevealed
preferenceargumentthattheschemewithtwointervalsgiveshigherexpectedwelfarethan
alwaysimplementingagrosssettlementsystem.

N ext, weshowtheschemewithtwointervalsalsodominatesanetsettlementsystemfor
all(qi;qj). L eteq betheendpointofthe…rstintervalinatwointervalscheme;thatis, the
bankssettleneti¤. q1;q2 ·eq. T heexpectedwelfareasafunctionofeq isgivenas

E(W ) =
Z eq

0

Z eq

0
W N d q2 d q1 +

Z eq

0

Z 1

eq
W G d q2 d q1 +

Z 1

eq

Z 1

0
W G d q2 d q1:

wheretheinterestrateisgivenby(B .1)witheq = qPR . Integrationandmaximizationyields
the…rst-ordercondition:

eq2 R (1¡L
2
)¡3

2
eq(R L + R ¡L)+ 2 L(R ¡1) = 0

L eteq¤ bethesolution tothe …rstordercondition. A nalysis ofthe …rstorderderivative
showsthatwelfareincreasesuptoeq = eq¤, anddecreasesafterwards. Calculationsshowthat
q21 > eq¤andProposition3follows. Furthermore, netsettlementforall(q1;q2 ) givesalower
expectedwelfarethantheschemewithtwointervalsas 1 > q21 > eq¤and L emma1 follows.
¤

A .5.Proposition4

Intheregulatorygametheprivatebanksmove…rstandproposethemodeofsettlement.
W esawinsection4thatthesupervisorsallownetsettlementifandonlyifbothbanksare
ofatypelowerorequaltoq21. Forthistobetheequilibriumoutcome, however, theprivate
banksmustproposenetsettlementiftheyarebothofatypelowerthanq21.

T heprivatebankscanexchangeinformation, which ismodeledsimilarlytotheregula-
tors’exchangedescribed in section 4.2.1. T heprivatebanks agreeattimeT = ¡1 ona
schemethatmapsthesignalssentbythetwobanksintoaproposalmadetothesupervisors.
W eonlyconsiderschemeswherebothbanks eitherproposenetorgross settlement, as it
is irrelevantwhetheroneortwoofthebanksproposegross settlement. D enotethescheme
by©PR (¢). W erestrictattentiontoincentivecompatibleandpiece-wisecontinuousschemes
wherethebanksproposenetsettlementifandonlyifqj·©PR (qi). Finally, ©PR (¢)mustbe
symmetricasde…nedintheproofofProposition1.

First, trivialschemes inwhichbanksagreetoalwayssettleinanetoralways inagross
system exist. N ext, letus considerschemeswheretheproposalmadedependsonthesig-
nalssent. Similartotheinformationexchangeoftheregulators, we…ndthatanyincentive
compatiblescheme©PR (¢) is astep function. T heproofisanalogoustostep 2 intheproof
ofProposition1.
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Considerq0iandq00i, q0i6= q00i, forwhich©PR (q0i)6= ©PR (q00i). Forq0i, incentivecompatibility
requires

© 0¼iN

µ
q0i;
© 0

2

¶
+ (1¡© 0)¼iG (q0i)¸© 00¼iN

µ
q0i;
© 00

2

¶
+ (1¡© 00)¼iG (q0i) (A .9 )

where© 0´©PR (q0i)and© 00´©PR (q00i). Forq00i, thereverseinequalityneedstohold.

Since the banks’preferences are independentoftheirtype, both constraints have to
beful…lledsimultaneouslyforany qi2 [0 ;1]. T herefore, (A .9 ) has toholdwithequality.
D e…ning¢ ¼i(qi;qj)´¼iN (qi;qj)¡¼iG (qi), we…ndthatforanyqi, theconstraintreducesto
© 0¢ ¼i(qi; 12 ©

0) = © 00¢ ¼i(qi; 12 © (q
00
i)). R ewritingyields

1
2
(© (q0i)+ © (q

00
i)) = qPR (A .10)

withqPR de…nedby(5.1). Symmetryandequation(A .10) implythattherecanbeonlyone
jump;i.e. theschemeconsistsofmaximallytwointervals.

T he privatebanks take intoaccountthepublicregulationwhen they exchange infor-
mation. L eteq21 denotetheendpointofthe…rstintervalinthepublictwointervalscheme.
(Sincetherecannotexistschemeswithmorethantwointervals iftheprivateproposenet
settlementforalltypes, seeL emma1, theseschemesdoalsonotexistiftheprivatebanks
proposenetsettlementonlyforasubsetoftypes.) T hesupervisorsonlyallownetsettlement
ifbothbanksareofatypelowerorequaltoeq21. T heproposalmadefortypeshigherthan
eq21 isthus irrelevant.

D enotetheprivatethreshold eqPR . B ecausetherecanbeonlyonejump, thereareonly
twopossibleschemesthattheprivatebankscanagreeupon. T he…rstcandidateschemehas
thefollowingshape(’L -shaped’):

©PR (qi) =

8
<
:

eq21 forqi·eqPR
eqPR foreqPR < qi·eq21
0 forqi> eq21

:

(A .10) impliesthat
eqPR = 2 qPR ¡eq21 (A .11)

whereqPR is givenby(5.1). Itfollows thatanecessaryconditionfortheschemetoexist
is eq21 < 2 qPR . Considernowthepublicscheme. Supposethatthelocalbankisofthetype
eq21. Fortheschemetobeincentivecompatible, thesupervisorhastobeindi¤erentbetween
gross settlementandnetsettlementwiththeexpectedtype 1

2 eqPR . T hefollowingcondition
mustthushold:

¢ W i
µ
eq21;
1
2
eqPR

¶
= 0 . (A .12)

Solving(A .11) and (A .12) shows thatbecause ofA ssumption 3, which implies (R ¡
1)L=R · 1

2 , thereexistnosolutionsatisfyingeq21 < 2 qPR T he…rstcandidateschemedoes
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thusnotexist.

T hesecondcandidateschemehasthefollowingform (asquare):

©PR (qi) =
½

eqPR forqi·eqPR
0 forqi> eqPR : .

T hesupervisorsdonotallownetsettlementforqi> q21, whereq21 isgivenby(A .7 ). T he
privateinformationexchangeis thereforeonlyrelevantifeqPR < q21. T heschemehastobe
incentivecompatible, whichimpliesthat

¢ ¼i(eqPR ; 1
2
eqPR ) = 0 , eqPR = 2 qPR .

H owever, straightforwardcalculations showthatq21 < eqPR = 2 qPR . T heprivatebanks can
thusnota¤ecttheoutcomeofthegamebyplayingthesecondcandidatescheme.

T heonlythinglefttoshowis thatforeseeingthepublicregulation, theprivatebanks
prefertoproposenetsettlementratherthangross settlement. T heexpectedtypeofthe
foreignbankgiventhatnetsettlementisapprovedis 1

2 q
2
1. Since 1

2 q
2
1 < qPR , thebanksprefer

netsettlementwheneveritisallowedbythesupervisor. Itisthusoptimalalwaystopropose
netsettlement, andtheanalysis insection4goesthrough.¤

A .6.Proposition5

W e…rstshowthattheredoesnotexistaschemewithtwointervalsasde…nedbyProposition
1. T heprivatebanksproposetosettleonanetbasiswheneverq1;q2 ·(R ¡1)L=R . U sing
(A .7 ) itcan be shown that(R ¡1)L=R < q21. T herefore, thetwointervalschemedoes
notexist. Itfollows from Proposition2 thattheredoes notexistschemeswithmorethan
twointervals. Itis lefttoshowthatthesupervisors accepttheprivateproposalofanet
settlementsystem. T heexpectedtypeoftheforeign bankgiventhatnetsettlementhas
beenproposed is (R ¡1)L

2 R . Calculations showthat¢ W i
³
qi; 12

(R ¡1)L
R

´
¸ 0 forallqi· R

R + L .

A sqi· (R ¡1)L
R < R

R + L , itisoptimaltoaccepttheprivatebanks’proposal.¤

B .T heInterestR ate

Inanetsettlementsystem, thecustomersreceive1 + r ifthelocalbankdoesnotfail. Ifis
does fail, thepaymentreceivedbycustomersdependsonwhethertheforeignbankfails or
not. Iftheforeignbanksucceeds, thecustomersreceivethereservesthatthebankholdsplus
A SO , r + t. Iftheforeignbankalsofails, thecustomersareonlypaidr. Inanetsettlement
system, theconsumerinCountryiwillthereforehavethefollowingexpectedpaymentson
theirdeposits

PPC
N (qi;qj) = (1¡qi)(1 + r)+ qi(1¡qj)(r + t)+ qiqjr:

Similarly, inagrosssettlementsystem, thecustomersreceive1 + r ifthebanksucceeds,
andt+ r ifitfails. H ence, theexpectedpaymentsare

PG (qi;qj) = (1¡qi)(1 + r)+ qi(t+ r):
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T hecustomers foreseeforwhich (q1;q2 ) netsettlementwillbechosen in equilibrium.
Theyalsoknowifpartialorfullcontagionapplies. Consider…rstaprivatesystem. The
interestrate thatensures the customers exactly zeroreturn on thedeposits is then the
solutiontothefollowingequation:

qPRZ

0

qPRZ

0

PN (qi;qj)d qjd qi+

qPRZ

0

1Z

qPR

PG (qi;qj)d qjd qi+
1Z

qPR

PG (qi;qj)d qi= 1

Solvingforr, weobtain

r =
1
2
¡t
2

µ
1¡(qPR )4

2

¶
(B .1)

Inapublicsystemwithn intervals, theinterestrateisgivenby

n¡1X

i= 0

qi+ 1Z

qi

qn¡1¡1Z

0

PN (qi;qj)d qjd qi+
n¡1X

i= 0

qi+ 1Z

qi

1Z

qn¡1¡1

PG (qi;qj)d qjd qi= 1

C.O ptimalR eserveH oldings

D enotetheamountofreservesheldetandtheoptimalamountofreservest¤. T hepro…ts in
thegross settlementsystem are:

¼G (et) =
(
(1¡qi)

h
(1¡r¡et¡t+ r¡et

L )R ¡(1¡t)
i

foret< t+ r
(1¡qi)

£
(1¡r¡et)R ¡(1¡et)

¤
foreţ t+ r

.

Itiseasytoverifythatpro…tsareincreasinginetforet·t+ r, asthebanksneedst+ r
reservestosettlepaymentsandtopayCustomersAthepromisedinterestrate. H ence, t¤= t.

Considernextthenetsettlementsystem. Itcanbeshownthatitisneveroptimaltohold
lessreservesthanr, asreservesofr areneededtopayCustomersA. Supposethereforethat
thebankholdset¸r reserves. T hepro…tsare:

¼ N (etjet¸r) = (1¡qi)
©
(1¡qj)

£
(1¡r¡et)R ¡1 + et

¤
+ qj

£
(1¡r¡et)R ¡1 + et¡t

¤ª
:

Takingthederivativewithrespecttoet, we…nd

@¼ N
@et

= (1¡qi)
·
qj

µ
R
L
¡q

¶
¡(R ¡1)

¸
:

T hus,

t¤=

(
r ifqj< R ¡1

R
L¡1

= (R ¡1)L
R ¡L

t+ r else
(C.1)
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W ewantshowthattheprivatebankschooset= r intheregionwhereanetsettlement
systemisimplemented. Suppose…rstthatprivatebankshaveperfectinformationabouteach
others’type. A netsettlementsystemisthenimplementedifandonlyifqj· (R ¡1)L

R < (R ¡1)L
R ¡L .

H ence, thebankschooset¤= r.

N owsupposethattheprivatebankshavenoinformationaladvantage. Beforetheinforma-
tionexchange, theexpectedtypeoftheforeignbankgiventhatthereisnetsettlementsystem
is 1

2 ©
n(qi). T hesupervisorcouldobtaingrosssettlementwithcertaintybysignallingqi= 1.

Instead, itcouldchoosetorevealthetypetruthfully, whichimpliesthat1
2 ©

n(qi)· (R ¡1)L
R .

A ftertheinformationexchange, thesupervisorknowstheforeignbank’stype, buthecannot
passthisinformationontothelocalbank. H ence, ifnetsettlementisallowed, thelocalbank
believestheforeignbankisoftheexpectedtype 1

2 ©
n(qi). Since 1

2 ©
n(qi)· (R ¡1)L

R < (R ¡1)L
R ¡L ,

itfollowsfrom (C.1) thattheoptimalreserveholdingist¤= r.

Suppose insteadthatsignals arenon-binding, suchthatthesupervisoronlyknows to
whichintervaltheforeignbankbelongs. Ifthesupervisorallowsnetsettlementwithabank
in intervalI z , itmusthold that 1

2 (q
n
z ¡1 + qnz ) · (R ¡1)L

R . Itfollows thattheprivatebank
chooses t¤ = r whetheritknows thattheforeign bankis in I z oritjustknows thatnet
settlementwasapprovedbythesupervisor. H ence, ifsignals arenon-binding, itdoes not
changetheportfoliochoiceifthesupervisorleakstheinformationhehasabouttheforeign
bank’stypetothelocalbank.
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