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1. InrTductian

T he bstdecadss have witnessad asubstatial inaeese in the volume of rarsactia s thakare
procssed via brge vale paymantsystans. IntheU S, Toreampk the aaombined volume
processed Ma i IPS and Fedwire exassded US $ 25 tilion perday in 1998. T his tred
is both a result of ted nologal denge and of inareesad .. nendal actimty. B ecause of the
hich volLmes trarsened and the lage size ofthe individual paymernts (the average paymant
sizein Feodwirewss U S $ 3.3 milian), paymaitsystams have gonn to be ae of the most
ikely darek thraugh vwhidh ..nendal aises aul prapagaie! Intematianallly, the groning
integratian of ..nendal markets hes Ied o a rigpid inaeeese in atss baderttarsactias, ad
rasss fars that aisss in diverent parts of the warld auld epect..nendal stebility, T he
design of xge \vale paymatsystams, both an adanestic and an an intematiaal bel is
thus oF goning anceem Tarsystem partidpants ad ..nendal regulatas. Fareampk the
6 -10 countries esteblishad warking acommitiess in ader o develp standards orinterbank
paymanitsystams?

L arge\vale paymentsystams can grnerally be dissi..ed into o tpes gass systamns
nowv usually cperating in real ime and netling systams. InR ealT imet rss SettbEmat
systams RT 6 S), all trarsErs mack betinean partidpating banks are deared and settled im-
mediately and inrevocsbly: T he £ lure by ane bank does therefare notar ectthe otherbanks
thraugh the paymatsystan. In netssttEmattsystams an the otherhand paymants are
dbeared anly at pre spad.. ed settbEnent times, and anly the net amaunts of kabi kities are
actually ttarskerad. || etsystans are degperin qoeratian, because the amaunt of resernes
nesded o settke is B bnerten inRT6 S systans. H onever; ifabankis unebk to sstile
at the ad of the day, is Elure an hae sevare ansaouenas Tor the other partidpants,
as lge anaunts ofeedted paymatts will notbe reaaved. Clearly thereisattade o in
e¢ dency betneen the thosystams. iTthe & lure ofbanks is relatively kel aRT6 S systam
is the betterdxac. 0 nthe otherhand ifthe banks are quite sale and the qoportunity ast
ofholding resenes is hidn, anetlingsystam is mare attraciie. T his besicttade @ betneen
netand gass settlEmantsystams hes bean analyzed by Freixes ad P arig (1998).3

RT6 S and netssttlEnantsystams frequantly aoedst In the Eurdpeen U nan Tream-
pk theB) manberstates haeinttaducdTA R6 ET, aatssbadaRT6 S system. P aalE
OTA R ET, pmately aganized netand hybrid ssttlEnat systans are qperatiaal (sudh
as Euro 1, goerated by the Eurgpean B ankiingh ssadatian). Inthe U S, the Federal R esene
B anks qperate Fednire whidhisaRT6 S systam, wnlECH IPS is aprivaiely run netsetile
matsystem.

Inthis pgper; we stiudy aaeess regulation to aoedsting netsettEmattandR T6 S systems

1 Statistics aoncaming the trarsExrs in Fedwire and Chips can be Tound an the web page ofFederalR eserne
Bank ofl ewY ak htip:/ /wwwny-fib.ad pihame/ fedpdnt

2R esults of this work are thed ngellR epart (19 89), thel amBabssy R gpart(1990), and thell G3IR epart
2993).

3 n oerview an the Tnatianing of large \valle paymattsystams and a disaussian of the risks inlolhved
c&n be ound inSummers (199 1).




in an inematicnal eMramatt W e bdk ata situation where banks of dic erant natianal-
ties sette thartrarskErs through the paymantsystem and acasider the prdolen ofdedding
whether the banks shauld be allloned 1o use the netsystam. U sually asinge authonty, na
toal aorsupranatiaal  regulies the aganization of a settlEmantsystem and asures that
artan standards aremet T he supervisian ofthe partidpating benks an the otherhand, is
dvided anag the hane country autharities. W e argue that the divisian ofthe supervisary
ad regulatary poner aegies incative praolams in aaess riegulatian, because the natiaal
supervisars migithae sonenhataantiding interests. 0 urargnal motivatian forstucying
this prablem were the Eurgpean atss bader ssttlEmattsystans. H onever; the issues that
we study here albo arise in damestic paymants systams in whidh Tordgn banks partidpate
snce the bl brandes oFforagn banks are mastly supervisad by the authanty in the hane
aunry rather then in the hostaountry.

W e analyze an econamy with 0 auntries Where arsumers make and reEve ats
bader tarskErs. 1N eedh cunry there is ae ammmerdal pro. Emaxdmizing bernk. T he
edstae ofbanks is justi..ed an two gands. .. 1stly they are ebke o inestin pro. &bk
g run tednolages, whidh shore ived acosumers aauld notda Seaodly; banks are partia-
patingin an intematicnal paymentsystam, eneblingits astoners o make transkrs ebraed.
B anking supervsian is the tesk of the baal supervisar;, Who maxdamizes its onn aounry/™s
welEre. | e assume that the ol supervisor can dosene the risk of the local butnotthe
rsk ofthe Tardgn bank Cancaming the private banks infomatian, we study tho dic erac
saeranics. In the .. 1st we assume that private banks have the same infomatian as the su
pervisars. Itssans plausible thata bank gperating intermatiaally is better informed abaut
the risk ofFthal r foreign aunterparties then the loal supervisar; soas a ssaod scrariowe
assume thatprivate banks Gan perfectly doserve eedh others pe.

In the econamy anetand a gcss settEmantsystem are in Qoeratian. W hile benks hae
fiee aoess ©HeRT6 S systam, agess O the netsystam is regulbaied. W e aostract fron
eplidtly madelingasupranatical regulator. Insteed e assume thatthe local supervisars
Jantly dedde upan the banks” aaess o the netssttlEnatsystam. D e tothe dvisian ofsu
pervisary poners betinean countries, the supervisars have 1o rely an eedh ather’™s infamatian
when regulating aoess 1o settlEmaitsystams. W e madel the communicatian betneen the
supervisars eplidtly. Itis shonn that the supervisars have incaiives o undastate the risk
ofthe bal bank because the Toragn econamy Garmies sane of the assts ofF Ellure in anet
ssttlEmattsystem. T herefore the natianal supervisars allovtoo risky banks intothe netting
system. 0 n the aother hand the private banks e Imited iabi iy, Whidh induass them 1o
dooe netssttlEnatt oo often as well Systamic niskis therefare higherthan desireble both
when the public and the privalie ssctor dadde yoan aaesss o the netting system. W e .ind
that it the private banks hae the same infomation as the supervisars, the dedsian abaut
the made of settlEmant shauld be madke by the supervisars. H onever; ifthe pvate banks
passess superior infamatian sbaut the Toragn banks” risks, itcan be e datt o bkae this
dedsiaon O the private banks.

T he erature an e \vale paymeant systams is relinely snall but there are same
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papers that deal With issues related o aurs. T he aedstaxe of netssttlEnattand RT6 S

system is disassed inR adetad T iroke (199 6. ¢ ianin adll atticcli (1995) pantait
that pmately aganized netling systams might undermine the Eurgpeen Systam of Can

tral B anks” dojectinves of reduding systamic risk 0 ther authars (eg, ¢ ioamnin (199 2)

and Sdaamaker (1995)) hae studied prdolems ancaming the divisian ofbanking super

visary poners Within the Eurgpeen U nian. To aur knonedge this is the .. 1st paper that
provdes a famal analysis of the regulatian of intermatiaal paymeatsystans. A s anoel
ature e tEe the dvisan of supervisary poners anag countries expliatly into acoount
and endagmize the conmunicatian betnean the natical supervisars.  [1n the maoelling of
the caonmunicatian, we dravan previass wark by in partiauler; Craniad and Sdoel (1982)

adll elbmad and Shibano (199 1).

T hepgperis aganized as TOllons. 1N sactian 2, themadelis desaibed. Section 3 disausses
thee adts ofgtss and netsettiEnattan the banks” partioilodaae and ansystamicstsbi ity
In ssdtian 4, we analyze the aoess aoditias 1 the net system impasad by the public
regubtas. T his is dae .. ist under the assumption thatt eedh regulator can doserve both
banks’ tpes, and then assuming bl supervisian. T he private banks” aoesss atteria are
derived in sactian 5, and the e dancy ofprivatie and public solLitias are ampared. Sane
extersias of the model are disassed in section 6 Frally section 7 aondudes. A il praok
are in the gopadix

2. Thell ocel

TheBEcaxany Weasderan0L6 madel with 0 countries and thiree periads. T here
are t\Wo geratias ofastonas who are ban etheratime0 (astoners ”A”) arattime
1 (astomers ”B ). T hey Ive Tor2 peariack eedh. Customers are endoned with ae unitof
maney. D unng the ..1Istperiad of thar Ives, they wish 1t make paymants to astamers in
the other caunry; eg, Torpurdiesinggoocs. T he size of the payments that the astoners
vwatt o make is E@ken o be .>e&d axd egqual Ot T he astoners wish b asume oy in
the seaod pariad ofthar ives and they are risk neutral

INn eedh cauntry, there is ae bank A time 0, the banks collect depaats fran the oAl
astoners of greratian A. T hese dgpasits Gan be investaed both in cantral barnk resenes,
yieding zero interest;, and in a risky auntry:gped..c tednology with a pasitive epected
retum. A flierdegpasiting astoners A éan use thardgpasits tomake paymants toastoners
oftre otherbank A timel, astoners A withdravtharmaey, and astonersB dgpasit
T he bank can thus use the nenly depaeited Tunds 1o pay parts ofits doligatiaon o astaonars
A. A Iastonears danad a nan necalive eqoecied retum an thardepasi'ts.

A ttime 2, the nsky tednokgy yielks a retum of R, ifsuaessiul ad 0 othernise,
T he prdoabi ity of & lure of Cauntry 1's nisky tedroloyy is danoied g;.  In ader to hae
ssymmetricinfomatian abautthe riskiness ofthe bcal bank we assume thate; is arandam
\arisbke. Farsmplidty itis assumed thateg; is unifomly distributed betineen 0 and1. T he
realization of g; is denoted ¢ (5 is abo callEd the bank’s "tp€’). A ttime 1, the risky
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t=ed oy éan be Iqudated pramaturely. | iquidatian is astly ad the risky tednokgy
aWlpasLl,0 < L< 1, ifsuaesul ad( ifusuasssiol

PaymentSystams A astonerin auntry 1 Gan make payments 1o a astonerin aun
try j by trarsferving Tunds fran his acoountatbark 1 1o the reaver’s acoountatbank §.
T rarskErs betinean banks are made via a paymantsystam.

P aymants aan be s=ttld aether in a gass ar in a ret ssttlEmat system. T he gGss
settEmentsystem oerates an a real time besis, whare paymants are settled and deared im-
mediately and inrevocsbly RT6 S). 6 ross settlament requi res the banks tohold cantral bank
resenes equal 1o the amaunt thatewill be trarsened 1 the atherbank. (W e assume that
there are no oadiaft Edities.) Sinee the oAl tarskers made evary periad are aastait
and equal 1 t banks have 1 hdd treseress in eedh periad. In a netsettEmant sysem,
inaomingand autgdng paymeants are deared atthe end ofthe day, and aonly the netiiabi ities
are ttarseened. T he banks send and re@vwe ttarskers of t A s logas thereis no &l no
resenes are nesded in acder o settke

W e assume that a goss ad a net settEnat system are alreedy In oeratian. T he
w0 banks can anly use the net settbEnent systam it they both agee 1o partidpate in it
i.e. ae paty anotun berally ssnd paymants thraudh a netling system. |l areoer; net
ssttlEmathes 1o be goproad by the supervisass. T rarskrs are therefore anly netied autiF
both supervisars and private benks agee ypan it

T heB ankupotoyR uke W enesd tode. ne abankiyptoy Uk thatdetermines the paymant
dolicatias ofthe thonetiing partness in the Gee thatae ofthem defults. W eassumethat
banks are alnays doliged o Tl thar ssttematt doligatias 1o the atherbank regardiess
ofvwhetherthe coutexparty hes declared bankauptoy arnot? W e furthermare assume that
depaatars” dams an a bank’s assets are seniar 1o daims fran the other bank 1Fa bank
is notabke o Ul .l its paymant dlicatias o ather the depasitars aor 1o the other bank
ithes 1O dechlre bankuptoy. T hese ks imply. (1) a&ilure ofFa bark’s risky tednology
etk 1O bankiuptoy of this barnk and (2) in the netting systam, the other bark (ifititself
is notbankiupt) is doliged o trarser tio the Eiling barnk vhidh the reaaiving bank then
Wl use O pay O i astanas. B ecause the trarsker tneads 1 be made anly ifae of
the parties defulls  but otherwise nets aut against inaming paymats, we ieer o itas
el ddtaal SettEmatO bigatian (¢ SO ). In agoss settlEmeantsystam, thereis noA SO
becase settlEnattalnays ocaaurs immediately.

Supervsion ad R egulatian  In eedh cutry; a bl supervisar (L S) is in darge of
banking supervisian. A ttime(, the supervisarin cuntry i L S, Gan dosere perfectly the
local banks e g;, butitreaaves noinfomatian ebaut the Tar|ign bank’s tpe ;.

W eauld insteed have assumed thattthe banks are anly isble farthe netamauntofautstanding payments
(socld Tetting by noatiar). Far..nendal aoteagan © ocaur;, we wauld then nesd 1o assume nant
balbnad payment streems sudh thata Eling bank aauld have net izbi ities.
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T he ol supervisars dadde jJantly abautbanks’ aogess o the netsystam. 0 nily ifbath
supervisars agree the banks in both cauntries are allloned tosette an anetbesis. 0 thernwise
ey hae o use the goss settbEnaitsysteam. T he supervisars design the paymeant systam
as o maxdamize bal welere. | eleae maximizing aoasss regulatian, honever; dgpends an
the risk of bath the loal ad the Todgn bank i.e o the infomation gathered by both
supervsars. T he supervisas hae thaerefore inantives 1o exdange infkamatian ebaut the
risk ofthe pvate banks. W e madel the informatian edance in the ollonngway. B ekare
teganestars (eg attimeT = 1), the supervisas agree upan asdame thatdeddes Tor
whidh (. ;¢ ) netsettiEmentshauld be alloned. 4 tthis stege there is no antict ofinerest
as the countries are idantical before the risks are realized. T he supervisars tharelae docse
the sdhame thatmaxdimizes the expected welexe ofthe cuntries. | flervards, the regubiary
gameis as s (1) T he private banks goply tosettle an anetbeasis (2) T he supervisars
repart the oAl banks” tpe o eedh other. [T the tpes are sudh that netting shauld be
alloned acoading o the pre negotiated sdame the pemissian is gatied. 0 thawiss the
banks use the gGss systam. W e disass the sdame ad the regulatary gane in mare detal
bier-

W e donotassume that there is dgpasitinsurance as We are aasidaring lrge \valle pay
mantsystams. T he rarsErs in these systeams Whidh usually adgnate fran capaate diats
rather then singke hasgholls are vary lrce. D epaitinsuranas as itis in plae in most
auntries, wauld therefore anly coera smalll fiection of the dgpasits in guestian’*©

Infomatiaon A timezerg the loal bankand loal supervisarcan dosene the lbalbanks
Bpe W eassume that the supervisars annotdosere the nsk ofthe Tadgn benk W eaon
Sdertho dir erat scaranias regading the private banks” infomatiat inthe .. 1st. the oAl
bank does not rea\e any infomatian ebaut the Toragn bank’s tpe. In the sscod it
perfectly doserve the Taagn bank’s pe. A time 1, supervisars, private banks ad as
tomers re@E\e a perfect signal sbaut the suaasss ofthe risky projects in both countries.

A ssumptian 1: T he astomers dzsene te e of ssttbmattsysem used attime 1.

A ssumptian 1 implies that the astomears dosene the type of settlEmant system usad by
the banks oy atthe time when the sigal abaut the retum of the risky assetis recived.’
0 urmain results do notdgpad an this assumptian, butitallons us tosdhe the madel in
dosed fom. W e relbx A ssumptian 1 in section 6&3.

5In the eurcarea, depasit insurance avars betnean 15.000 and 100.000 eurcs (see il asdandaro and
Coppela 1999). H oneer; the aerage size of atss bader paymats Tor ammerdal use in TA R6 ET is
ke than 5.400.000 euro (saurce ECB Il athily B ulkstin | oember1999).

D epasitinsurance woul intraduce no additianal maral hezard prdbkems in aurmackel T herefore afll
depasit insurance wauld inareese the welre in the netting system unembiguasly since bank s wauld
be eiminated. D eta k are ava BEbE upan regLest

"Suppcse the aasumears auld dosene the settbEmant system before making trarskrs. T he dddae of
sstthmatsystan aatairs infomatian ebaut the risk ofthe banks. T he interest rate woud tharefore have
1o be atingaton the tpe ofsettkementsystem dasen toavdd thattthe caasumears withdravthea rdegpasi ts.
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T he iming is summarized as Tollons

T=10 T=1 T=2
moming | - baﬁkardst,perviscricbser\eqi - austamers A transkr - asstomers B transker
- banks apply 1O use net system - OrGss system: settlEment - Oress systam: settlement
- information exchange

evening | - astomers A depasit - risky retums doserved - risky returms realized
- banks invest - asstomers B depasit - netsystam: settkmerntt
- netsystem: settlkmertt - asstomers B withdraw
- austamers A withdrav

3.6 rss adil etSettlEnent

3.1. T he Custmers

A ttime 0, wnen the dgpasit caoract with the asstamers A is sSiged, narther the banks”
Bpes nar the ssttbEnait system are knoan. H onever; the risk inauned by the astoners
A when depasiting in the bank dgpends an both these ediars. T he astoners A therekare
demand an interestrale r, Wnidh ampasates them Torthis risk 1n the Tolloaning analysis,
we wi ll see thattin the bese madel the intersst rate does notae ect the dace of ssttEmatt
system. T his alllons us 1O sohe the game badawarcs: First, the dxace of ssttlEnattsystam
is determined as afuncian ofthe banks” pes. T hisisdaeinsscias 4 adb. A flervads
we ..nd the interest rate that asures astamers A a nat necative eoected retum an thar
depasts. T he interestrate is derived in gppendix B .

TheOL6 struciure of the madel implies that the banks use astaonears B s dgpaits
retum the depasits o astonars A. A ttime 2, the astonas B are then pad badk thar
depaats autof the retums fran the risky tednology. Customears B doserve baoth the §pe
of ssttEmat system and the suaasss of the risky tednology in the ®\o cauntries bekare
depaating T he astonas B do not dgpaat in a bank with an unsuaasssiul tednologyy
as the bank will not be abk 1O retum the dgpaaits at time 2. In the Olloaing ssdtias,
itis disaussad undervwhnidh aondiias the astaners B investin a bank with a suassssil
t=edrolgy Fanow notice Customers B e no uncertainty sbautthe vale ofthe bank’s
aset. H axe if the astoners B dgpoaaitin the bank they danand zaro interest rate, a6
they are cartain o be gpaid.

3.2.6 ross SettlEnait

In agots settbmatsystan, the banks nead 1© hod treserves evary periad 1o be ebke
ssttk allautgang trarskers. T he banks use the dgpasits ofastoners B topay astoners A.
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TheastonersB dgpaitaly 1, butthe banks haeopayl+ r toastonasA. H axe in
te.. ristpena the banks had additicalr reserves an tp ofthe settlanant recuiramantis.
A timel, banks thus mustinvestat kestt r iNnto resenes tobeabke toful. lits digatias
theastonas A attimel. Farnon assume thatthe remainingl j tir aeinested into
the risky Eednolayy. 1N gppendix C, we showvthat this is the pro. tmaximizing partiolio
dxace in egu ibrium.

Ifastonas B dpait astanas A withdranvl + r attime 1. Eadh bank holcs then
tinreerns adl jtir inte nsky asset [1Tthe prgectis suasssiul the banks hae
(1 itirkR + tactime?2. T haeloe astonasB dgpaitifad aly ifthe tednolgy is
suasssiull and

QitirR+ €_1 Bl1)

W e assume that (3.1) hols?  IFthe risky tednology is usuaessstul astoners B do
notdegpaat; as the bank annot retum the depasitattime? . T he bank is then Tacd into
bankiuptoy attime 1, because itaotpay 1 + r o astaners A. Sine the iqudatian
val e of an usuasssiul ted oy is zag e astonas i oy reE\we the resenes that
the bank holds, & r.

Farknonn g;, bank 1°'s eqpectied pro. s in the gGss system are

@)= Cimw@irioR i@ ok (32)
T he eqoected velExe is

Wé@d= @ itin[@ iR ill: (33

T he higerthealLe ofrarsrs, t the Ess et dattis gos ssttbkmatt since Ess anbe

invested in the mare pro.. tebke risky tednology: Simi ey, welare and pro. ts are deaessing

in the intersst ratle, because of the additical resenves thatt the bank nescs ©© hald whille
they are inaessing in the retum an the risky tednology.

W elfere and pro.. ts donotaandde because of imited kisbi ity and because the astonars
e informaticnal castrants. T he bank does not take into acoount the bss inauned by
te astomnerss ifthe bank B E a5 itas Imited abilty, [1Tthe astonas dossered the
banks” pes ad the ssttEnatsystean diosen they woulld demand an interest thatwould
retect the trte risk inauned When depasiting in the bank T he interest rate would make
e bank intemalize the kssss of the astonars, and welfexe and pro. ts waul be aliged.
H ere honewer; the astomars doserve nather the settlemeantsystan dosan nor the risks of
thebaks. H axe they anotadjustthe interestiaie 1o the risk and this drives in awedoe
betnean public and privete intexrests. W e would ke 1O enphesize as disaussad In sectian
&3 thatwelxe ad pro. ts stillvwould notaandce ifthe astoners dosernved the settEnat
system butnotthe tpes ofthe banks.

81F(3.1) doss nothold, the barnks canotinvestin the risky tednology when settlbementis dae an a
aGs besis. W elfare ad pro. & ae then trivially egual 1o zero,




3.3.N etSedtkEmant

InanetssttiEmantsystam, banks donotnesd tohold resernves TorsettiEmantpurpasss. T hey
stillhae tohddr topay the astoners A the praomisad inlarestrate. A s befoe we assume
thatthe mmaningl j r isinestad in the risky tednokagy. 1N gopendix C this is shonn
be gotimal in ecui ibrium.

Suppae that the risky tednology ofae oftre banks B E. T he bankwirth the bwiretum
goes bankruptbecause the astomers B do notdgpasit T he pro.ts of the otherbank are
adversely ar ected s well because of the . dditicnal SettlEmaTt0 bligatian (¢ SO ). Folloning
aurasumptias A SO isequal ot T he bankholds anly r reserves, whidh ithes topay 1o
theastonas A attimel. Topay (partsab) A SO, itis necsssary O Iquidaed nfl jr; g
ofthe risky ted1ology. 0 uranalysis dgpaends audally an whether the bank ean repay the
astoners B after iquidating sane of the risky tednology. [T the bank cannot riegpay the
astaners B, these donotdgpasit, and alll of the risky ted oy is quidated to pay the
astaners A. T his is the cee of’Full Catlegan”. 0 n the otherhard ifthe bank is abe
10 riepay the astonas B, these will depasit, and the bank survves. W e refer o this Gse
as P artial Categan””! P artial Catagan (P C) caaus ifand anly if°

(1iriEt)R _1: G9H
A ssumptian 2: T hare is P artial Cattegon.

T he ceee of Full Cattagan willl be disaussed in sectiaon 61. U nderP artial Catlegan, a
bank will make pasitive pro. & ifits onn risky tednolagy is suaessiul (and zeropro. s if
itisn®. P ro.t are highestifthe other bank albbo suasacs. Fargven g;; g5, the expecied
pro.t of8 ank 1 radingwith B ank j are gven ee.

W @)= QT TR §117 Qi Gt : 35)

W e see thatwith netsettibnant; the Taaign banks i lure rate g; is audal foreqpected

pro. & A high cuerparty sk reducss pro. ts of partidpating in the netting system be

cause thereis ahidh prdoshi ity thaetabankhes topay thed dditianalSettliEmentO bligatian,

t tothe Eiingbak P ro.t inaesse in the Iquidation valle of a suaesstul project, sine
itreducss the fradtian ofthe risky tednolagy thatnesds 1o be Equidated topayh SO .

T he expected welexe oFcountry 1 IS

Wi@g)=CinNRCeiwillitd iqi)quE i gl iQJ)b: (€XS)

Inthecaseofalure astonas A reaEve ayr fram the lbalbank Inaddtion o this
the astoneas reaEve t((¢ SO ) fran the Taagn barkifitsurives.

" Fulf and P artial Categan aonrespad o de B andtand H artmann’s (1999) dissi.. cation of Weel<
ad strag aategan.

10y otice that aonditian (34) ako implies that the casumars B degpasitin the grass systan when the
retum is high.




4. P ublicR egulEtian

In this sectian we dnaradierize the supervisars’ regulation of aaesss 1o the net settlemant
system. FHist we assume that the supervisars dosene both the tpe of the local and of
the Toagn bank (symmetric infomatian). T his senes o ilLstiaie the preferenas of the
supervisars ad o epln sone of the e ects driving the model A flervmards we wum
the aamp Ete madel where supervisars doserve anly the local bank’s tpe and mustexdance
infiormation abaut the types 1o regubake et datly (lbal supervisian).

INn adaerto presatthe communicatian betnean the supervisars as dearly as passibE we
assume that the privalie banks alhays prapcse net settlanat T he supervisars then deade
how payments shauld be settled  as there is net settlament it they acapt the prgpcsal ad
aGss ssttbnaitifthey Igectit In sscian 5, we analyze the strateg c interactian betnean
the private propasal and the public regulation.

41. B edmark Symmetric lnfomatian

W e analyze the autcome itthe supervisars e ve a perfectsigal abautthe risk ofthe local
and oftre Toragn barnk W e assume that the supervisars are interested in maxdamizing thar
onn aauntry’s welere when dedding betneen netand gass settiemant

De.ne¢ W '(g; q;) a8 the velfre gain of Cauntry i ifthere is net settmantinsteed of
CW'@sqp) ~ W,y (qi;J qp) i W @ - (CXY)

R

=R iDA 1w PGt Gt A iw;

CWia:q)= 0 adeWi(g;q) = 0 aedsplyedin Figre 41@). ¢ W '(gs;qp) = 0
diudes the (0 gy)-space into tho regas. B ebw the aung netsettlement mexmizes the
weliare of Canry 1 vhi ke gGss settlment maxdimizes welexe aboe the aune.

T he supervisors allwret settbEmattanly ifthe risk ofthe Tadign bankis nottoohidh.
T his is due O the basic trade @ betineen gress ad netsettbEmant systans. 1Tthe fTaagn
bank is rsky, gress settlanattis the preflerable mode of settlEmeantt;, since iteliminatss the
risk ofaotegan. 0 n the otherhand ifthe Tadign bankis relatively sale netsettlnattis
gotimal because resere requiremantts are oner.

¢W "= 0 is doanvard skping because the investmentin the risky tedyology is brger
uder net then uder gass settlament. T herefare as the prdosbi ity of & e of this tsdh
nology inaeeses, welare in the netsystem deaessss more then in the gress system. Inader
10 kegp indin erance betinean netand gress settlemant; the Tareign bank mustbe ofa bboner
sk gpe

Fguare 4.1(a) ilstrates how the interests of the tho aauntries do notampketely an
dce. Inte gas A ad D, both cuntries prefera net and a gess settlanat systam,

10



(a) Regulation with Sym. Information (b) Asym. Information: An Example

Fgure4.l: The Syserisars’ P rekerencss oer tell ak of SettlEmeant

respectinely. Inregan B (C), honever; the supervisarofcauntry 1 (2), in whidh the bank
with the bwnerniskis located prefers gos ssttlbnatt wniletteaeincantry? (1) prelers
e netsystam. T he supervisar of the country with the loner risk is mare reciant o use
netssttbnat, s itis relainely mae likely topay i SO then o reEwe it

42. |1 o=Al S ypervsian

Aan novawe assume that there is bbal supervision and the supervisars dserve anly the
oAl banks type. A s an inroduciory example aasider Figare 4.1(b). T he private barkin
autry 1l isoftpe . W e lbdk atthe incatives of the supervisarin Caunry' 1 (L S;) ©
reeal this informatian tuthiully o the Taagn natical bank ( S;). L S; maxdmizes oAl
welire so he waud prefer net ssttbEnattvwhanever the Tadgn bank is ofa type bnerar
equal O q’. Honeer; iIfl S; revaald te tpe gf tuthiiilly L S, wauld never allowv net
ssttlbnatt T harefoe L S; wauld hae incantives 1o try 1o induce the belief that the bank
wes ofype ™. (T he local bank wauld then be alloned 1o use the netsystam Tarall pes
bnertten ) Suppaeinsteed tatl S; aauld anly dhoose betnean revealing the tite tpe
g;, arinduang the beliefg™. H ere L S; waul reveal the tpe truthitllly ssL S; othernise
wauld allovnet settiEment too often!!

T he eampk shons that sine the intarests of the supervisars are not tolally aligad
the supervisars hae incantives o induce abelefthatis diz erattfron the bank’s triue pe
Stll a6 the incatives ofthe supervisars are sonenhataligaed, they do notwvant o induce
belek that are 1o dis et fran the e gpe. W e wll shovnexcthat this Bditatss the
information exdange betinean the superisars.

Hiftrel S, beleved that the bank in cauntry 1 wes of type ™ he would allow net settimentt or alll
tpes bnerthen g™ T he To|ign bank’s eected tpe gven rel:setﬂanmtmwblhsbe%cf‘:‘. Sine
Ld7> d° L S; waud prefer o reeal the type tiuthitlly, 4 similreampk eplined in more detail is
gvan in ssctian 4.3.
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42 1. T he Infomation BEdance

B ath the bl ad the Tadagn bank’s type matierwhen the supernvisars hae to dedce be

tWen agas ad a netssttEnaitsystan. T o regulte the intematiaal paymant systam

eC datly, the supervisors hae incantives o exdance infomatian ebaut the private banks”
rnsks. W e have in mind asituatian where the natianal supervisars are soerdgn and are not
directly subject o ay intematiaal authanity. T haefore we will asssume itis notpassibe
10 sstUp amedanism ar an irstitutian that Gan Lse transkErs 1o exdtiact the infomatian
abaut the priate banks” tpes. Insteed, we madel the infamation exdance in the spint
of’degp K’ T he suparvisars an astiesssly sigal the risk ofthe pmvate banks thrauch
wiTtien araal cammunicatian, butthey anlly volunteerthis informatian truthiully (or; parts
ofiY) ifitserves tharonn interessts. T he exsting erature analyzing sigaling games with
axtiss sgek bdk atsituatias With ae ssder and ae re@Ever (ssg eg, Craniad and
Scoel (1982), I elmad and Shibano (199 1), and StEn (1989)). W e extad the analysis O
the Gase oFtno sidsd conmunicatian where both parties send and recaive sigak. T he resulls
dotainad in this sectian are thus ofsame indgpendantinterest

T he information exdance is madelled the olloningway. A €T = 1, before the banks’
Bpes are realizad the supervisars agree Upan abindingsdame thetmaps thesigak saritby
the supervisars into agaptance or riggectian of the prgpcsal of netsettbEment T his sdame
maximizes expected welexe!'? | tT = 0, after the risks hae bean realized the supervisars
sad asignal abaut the bl bank’s sk 0 nee the sigak hae been sait. the settlematt
systam is gven by the sdhame!® T he infaimation recaivad fian the idign superdsaris
an..dattial and supervisars do notpass this infomatian an 1o the private banks 4

T hare edsts of caurse an inaative aonpatibke sdame whare the supervisas agee
alhays o impeEnattatheragos aranetssttlnattsystan. P rpaeitiaon 1 daevaderizes
e sdame when the infomatian exdange matiers Tor the dxace of settbnant systam.
Invddng the revelation prindpke we risstrictatiaion o incantive aaompatibke sdemes. W e
asider anly sdames that are piecanise aatinuaus, synmetnic and spedty (s a fincian
ofg;) the maximal e of the Toragn bank Torwhidh net settlemeantis alloned.

P rgpasitian 1. Suppae the Tordgn banks risk is unifamiy distributed betnean 0 ad 0.
A nincentive compatibe sdame 0" (§; de..nes Toreadh ol sk (; the maxamal Tareign sk
g; Torvhidh traaskers are settld in anetsystem. 0" (¢ is dnaevacterized ss TOllons
1.0"(¢asissaom inerak n _ 2.l etinternalz, 1< z - n, bede.nedasl, ~ (@;1:4]
wthd,, < ¢f adq) = q. Interall isce.nedasl; ~ [0;q']

12) gematively we aul assume that a welre maximizing supranational regulator dedded upan aaess
o thenstsystam. A s lbbngas he culd notuse trarsErs 1o extiact the infomatian of the local supervisars,
he wauld dhocse the same sdhame as the ae implEmeanted by the lbcal supervisars.

13Sinee the signak are binding itis notfomally a "degp-talk’ gane. W e shovin Cadiay 1 that the
sdhames derived are abo incantive ampatible with nan binding signak.

14 e nesd this assumption O asure that the private banks alnays investas mud as passible in the risky
tedolkgy. H onever; this sssumptian is notaudal Toraur results. W eshowvind ppedix C thatifsigak
were nanbinding the assumptian would notbe necsssary as the supernvisas wauld exdance Ess informatian
abautthe private banks’ tpes.

12



2.0"(¢=q),, og; 21, werel -z -nadq = 0.
3. Io);q'; =5 q); 10 ae gven as the solution o the olloning system ofequatias
M 1 11
CW' e = 0
i
H 1 11
CW' gy @+ @)

1
o

iun 1li ¢ﬂ
¢wW ql’z_ Cﬂiz'}'cﬂil

11
o

T he sdhames with ™o and with thiee interak are shonn in Fgare 42. U nder these
sdames, the supervisars reveal the banks” tpes tuthiully, ad the banks setie in the net
system wheneerg; - 0, k2 f2; 3.

T hare are saveral things 1o notice abaut the sdames. Fiist, sSinee the t\0 supervisars
e the same sdameg itmustbe synmetric araund the 45-degree ine® Seaod asdame
axsists ofarstats ssgnats with” jumps”. T heeamplein the previas sectian i istrated
honthe supervisars wauld hae incantives 1o reparta type thattis notthe true ae butdoe.
A Ingthe astantparts ofthe sdeme itmakes nodrerence o Eellsudhasmall ie’. T he
arstatpart are s necssary T the sdane 1o be inaantive conpatiblke. Fnally, notice
that the sdhames are synmetricaraund ¢ W '(g;; ) = 0 atthe jumps. T his implies tatif
e lbaAl barkis bcatied at the bader 1o the nextintenal (i.e. ata jump), the supervisar
is exactly indiz erantbetnean bang in the lonerarin the upperintenal W e shovthat this
esures that it the local bank is ofa type bcated dose 1o a junp, the supervisardoss Not
wanttoellasmall ke in adartopretad o be in the nearby interval (and donetsettEnat
wth a dic erantpqoulation of the Toraign bank).

T he astantparts ad the Jumps are su¢ dat o ke aut pro. tebke devatias where
the supervisars el asmall le. In the praofof P rpasitian 1, we showv that the superisors
natherhae inantives o tell a big ke’ ad repata tpe thatis & firon thettoeae. T he
sdame satis..es this aandition because as 1lstrated by the eampe the banks donotwish
1o induce beliek o dis et fron the triue tpe

W e have dosen  Toas an the e oFbinding sigak, as it allons Tor a medneniam
where the supervisars riepart the banks” e §pes. T he next aoliary shons that the
resuls dotained do not depad upan Whether signak are binding arnot  Ifsigak ware
nanbinding the supervisas wauld .. 1istsad the sigak. A fler haing recavad the sigal
the supervisars would uni laterally dedde whether 1 acopt net settbnent Cadliaxy 1
shons that any sdame daradierized by P rpasitian 1 wauld akbso be incantive compatibe
with nanrbindingsigak. T he anly diz erence wauld be that insteed of reparting the tpe

150 themisg there would exdstsame (@ ;G) Torvwhich the sdeme would indicate net settiEmat or ane
bank butnot for the other:

13



(a) The 2-Interval Scheme (b) The 3-Interval Scheme
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Hgune42: Incantve Canpatibe Sdames

the supervisars wauld report the interval to whidh the bal benk belongs. T he game with
nanbindingsigak is eEnad in mare detal in the proofofthe cordliary.

Cadliexy 1. T he sdanmes daradterized by P ripasitian 1 are albo incanitive aompatibe
with nonbindingsigak.

Fnally we make ae additiaal sssumptiat
A ssumptian 3 Ifa sypervisor reEved no information about te oreigh Eenks e he
woud never albwvnetsettEment

0 urresults do nothinge an this assumptian, butitallons us o rIesstrictatiaion o the
smpkstofthe pcssibE Gsss. W e relbxA ssumptian 3 in sedian &2.

P rpasitian 2. Casidarthe sdanes de.ned by P ripasitian 1. U nderd ssumption 3 there
edst an unigue incantive aampatiblke sdhame with o internak and nane with mae then
wointenak.

Aan P ripasiian 2 then ollons thatwe anlly nesd 1© aasider sdames with atherae
intenal (i.e ahays acptar igect the pragpasal of et settlement) arwrth tho intenaks.

43. T he (INEC daecy of P ublicR egulatian

T he praviass sectian hes shoan howvthe supervisars e inaantive prdolems when edang
ing infomatian abaut the pmate banks” sk In this section we analyze the implicatias
this hes Torpublic regulation.

A sa..istresult we shovthat the infomatiaon exdange does make adicerae. Inspite
of the inaative prdblms, the supervsars regulaie mae et dently if they aommunicate.

14



Famally, the praoof aasists of shoning that the eqected welre under the 10 intenal
sdhame is hiderthen itthe banks waud do ether netargass settlament forall tpes.

L emmal. T he sdhame with tho interak gves hidereqpeded welare then the sdamnes
with aeinteral

INn adertodetemine the e¢ dency ofthe public regulatian, we ampare the sdcemewth
the thointernal sctheme thatbwauld be implEmanted ifthere were noincantive prablems. T his
is the to interal sdhame that maximizes exqpected welfare ex ante; i.e. before the banks’
tpes ae ralized!® | wointernal sdheme wauld of aurss notbe gotimal if there ware
no incantive pradblms, butthe aamparisan €l s Whether the aoesss riegulation o the et
ssttlEmattsystEam is toostrictar o bx

P rgpasitian 3. Suppae there ware no incaentive pradblem but the supervisars aauld anly
impkEmat sdames with o intenak. T he maxamal tpe Torvwhidh the supervisorwould
allbwretssttEmentwoul be strictly smallertten ¢ .

P rpasiian 3 vWhidh is the main resultof this paper; shons that the incentive pradolems
in the infomatian exdange induce the supervisars 10 be ©To bBx in tharagess attena
e netssttbEnantsystam. A s a result the systamic nsk under-public regulatian is higher
then gotimal

T he intutian behind this resultis gven by Figare 42(@). 1n equiibrium, netsettEnat
is alloned ifboth banks are ofa tpe bnerarequal o ¢ . Casiderthe prdblam faed by
asupervisarwhen sigaling the lozal bankss tpe. 1Fhe sigak a type lonerthen g, there
wi ll be netssttEmatvwhenever the Taeign bankis ofa type bnaertten g . 1T insteed the
supenisarsigak atpe higertend, therewillbe goss ssttbEmatt T harefoe thesigal
santby the supervisormakes anly a dic eraxe ifthe Toragn bankis ofa type bonerareqgal
100 . H ene the supervisar aampares the expected welre under gass and net ssttEmant
aoditianal an the Taeigh bank being of a pe baerarequal O . T his is equivalent
aonparing the weliare undernetand gess settEmant assuming thatt the Toragn bank is of
theawerage tpe 1.} Since the supervisars bese theirdedsion an the aerage tpe they
albw et ssttlEnat for realizatias Whare they would have preferred gross settbnat Far
eanpk ifthe bankin Cantry 1 is of typed}, there is netsettiementakoifq 2 (7¢f; ]
- even ifbath supervisars under these draumstancs wauld have prefernred gress settlEmant

Itis impartantto notice that the exasssive systemic sk underpubliic regulatian does not
reduce the surp s ofthe astomers. T he astoners Toresee the equl ibrium autcome and ask
oran intarest rate Wnidh ampasates than Torthe sk they inaur: 1Fthe supervisars hae
100 Bbx agess arteria o the netsettlanatsystan, the astomers ask Tora higer interest
rake s depasitingin the bankis riskier:. T his reducss the pro. ts Torthe banks because ener
resenes éan be invested i the pro. tebke log run tednology: 1N aurmadel the ast of
exssi\e systamic riskis thus camed by the banks ratherthen the astoners.

1&5ince bath acountries are ex ante idantical itdoes notmatierahetherwe rieerto loal argldoal velére.
T his is e in this madkel sinee the types are uniformly distributed and welre is inearin the iaign
bank’s type axe the onn tpeis knoan.
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5.TheP mateB aks

W e twm nowvto the ssttiamattdedsian ofthe private banks. In the prevass secian itwes
assumad that the private banks alnays prapce netsettbemant. T harelare the natiaal su
pervisas auld dadde betnean gass and netsettlamentt. T he supervisars, honever;, cannot
impce net settiEmant against the wishes of the privale banks.  Itis thus Eft o be shoan
that the private banks prapcee netsettiEmantin the regan vhere the supervisars allowit

T he privaie banks mowe .. 1stin the riegulatory game and pragpase hovto settle paymeants.
T he private banks” prgoasal dgpandcs both an the regulatian they Taesee and an the infor
matian that they have abauteadh other. T he regulatian by the supervisars Was determined
in sectian 4, so we twim hare 1 the prgpasal macke by the private banks under dicerant
iniormaticnal esssumptias.

T he analysis ofthe private banks hes thiree parts. First, we determine the preferancss of
the private banks oernetand goss settlemantt A flervmards, we sole the maodel assuming
that the private banks have no mare infomatian then the supervsas. W e shaovthat the
resuls derived underpublic regulation are the equl ibrium autcome. 1'tseams plausibe that
a bank goerating intermatianally an hae betfer infomation ebautits Taagn counterpar
tes then the natical supervisar:  [deally the regulatian of the paymat system shauld be
designed 1o take advantece of the private banks” infaomatian (see aboR adetad T iroke
(1996). This wauld be an aagumat for Eaving the acess regulaiian in the hands of the
private ssctox; &g itis, Treanpk aumatly doe in Eurgpeenll aetary U nion. Inthe st
part we thus examine whether superiariniomatian alone éan justify a hands o gppraadh
10 aoess riegublEtion.

51.6 ross ad etSetdtkEmantc

L etus startby determining the banks” preferancs oerthe mace ofssttlnatt FHaon (3.2)
and (35), wedareathieshod ™, Tarthe Tareign bankSs risksudh thathbank iis indic erant
betnean gress ad netsettlement

= - R il

¢ T L G

A bankprefers o retattrarsErs oy ifits cauterpart’s sk of & e is smallerthan
g™ ; thatis ifthe prdosbility of aotlegan is o T he impartant thing to notice is that
a pmate bank’s preferencss do not dgpad an its onn pe. Since the bank taass mited
iabilty itearrs zao pro. & ifit&E itelf Casaguatly the bank’s onn risk doss not
iNtuence the dhdce betneen netand goss settbment

A s lbngas the Ibal bank is suaessiul itcamries the TUll ast of net settlement because
itpas A SO ifthe Taoagn bank & E. T he bank does not honever; ke into acoount the
Iss eqariencad by astamers iTboth banks il FHaon pant ohview ofweliexre the bank
doosss netsettbEmenttoo ofen unksss itis sure noto &L Figure5.1 1lustrates this pant
g™ isaboet W '= | exaptirg;= | whare they adndde.
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52.N olnfomaticalA dantece

H ere we assume that narther the private banks nor the supervisars dosene the risk of the
Taagn bank | ike the supervisars, the prvate banks an exdance infomatian. T he banks
Gamnot dadde whether O impEmnatt a net ssttEment systen arnot. as the netting must
be goproad of by the supervsars.  Insteed wWe assume thatt the banks an agee upan a
sdhame thatmgps the sigak satinto a prgocsal macke 1o the supervisars (1.e netargcss
ssttbnmat). T he analysis is smilar o the ae in ssaian 4, sowe hae direded itto the
gppendix

P rpasitian 4. 1T the prvate banks haave no mae information then the natiaal supery-
sars the private banks doretssttbnattifad alyifg;q - ¢ -

T he results darived in sectian 4 do hold as Ibg as the pvate do not have better in
famatian than the supervisars. W e show that privaie banks pragpcse net settlament in a
kger aea then the supervisars allbvwe 1N equi ibrium, the supervisars oenue the private
banks’ pragpcsal whenever they prapce net settbEnaent and at ksst ae of the banks is of
tpe hidaerthend .

\ otice thatg™ < ¢, sothe private banks do netsettlEmentmare often then they wauld
preEer(sseFigure5.1). H onever; they annotagree anasdnane thatprapasss netsettbEnat
inasmalkerarea. T he rees is thatthe pvate banks e mare sevare inaantive pradblems in
the infomatiaon exdance then the natiaal supervisars do. Fathe supervisars, thebere.
ofnetssttEmatare deaeesing in the risk ofthe bl bank T he incantive o pretad that
e lbal barkis ofFa b e is thus daasssing with the risk In the cese of the prate
banks, all types have the same incantive o pretend tobe ofa bwtype. T his aanabobe sean
inFige5.1 where¢ W '= 0 is doarvards skpingwhike ¢ % '= 0 (i.e. g7 ) isaostant A s
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areaultofthis, the infamation exdange anag the private banks is ks e datthen the
ae anag the supervisars and the banks do netssttEnattwheneveritis allonad.

5.3. Syperor Infomatian

W e now aasider the polar sssumptian that the banks rec\e a perfect sigal abaut eedh
others’ tpe. T he private banks then prapce netsettemant it they are both ofFa tpe boner
than g7 . T he next propasitian shons that gven this informatian, the supervisars cannot
edhange ay additical infomatian and they acaptthe pivate propasal

P rpasitian 5. U ndersymmetricinformatian betinean the private barks, public regulatiaon
Gamotimproe upan the private pragpasal

P rpasiian 5 implies that it the prmate banks can doserve eadh other™s tpe they de
dce the settbnatt methad de o, T he natianal supervisas auld oenuke the pmate
pragpasal butin equilibrium they never do sa U nder draumstancs where the banks are
ilely 1o hae goad infomatian ebauttha r caurterparties, Treamplke because they qoer
ake inematically, this resultg\ves sane just. cation 1o kbaving the aoe=ss riegulatian in the
hends of the privalie secior-

O Bdasias

Inthisssctionwe relbxi ssumptias1-3. W edonotindude the tullanalysis oftteexiasias
a8 mostparts are similar o the base madel Insteed the Olloning aattains a disassian of
e results dotained and pants aut the mast impartant dic erencss aompared 1o the man
<t T hedeta b ofthe analysis are ada Bbe upan reguest 1n all three exiensian, itis not
passible tosole the madel atirely in dosed Tom, sowve rely partly an numencalsmulatias.

Gl. FUll Catagan

N the precading sectian, we Toausad an the Gse vnere the £ lure ofFae bank did not leed 1O
bankiuptoy ofthe otherbank (P artial Cattegan (P ©)). In this secian, we um tothe other
Gee ofFull Cantegan (FC) where abankwirth asuaeessstul projectis Torasd into bankaup oy
iTits cutaparty in the netting system & k. U ndar Full Categan, itis notpasibe 1o
sohe the madel in dosed Tam, sinee the sdeme agresd upan by the supervisars ad the
intersst rate are intexdgpadant

T he & lure ofFae bank in the netling systan doligss the surivingbank topay i SO ©
e T ling bank FUll aattagaon aaaus ifthe anaunt of essets that nescks 1o be iquidated
o this pumpce is so e tatastonas B annotget the pramisad paymaitofl attime
218 ) saasaguene astomas B donotdgpast, and the bank must Equidate its atire
t=edolgy in ader 1o pay the prossacs o astanas A. Thus, the barnk &k attime 1.

By eare thus in the cese of FUll Catteagan Tor bl (many assets need 1o be Equidated), bvR  (ime 2
retum ge=ts small), and hich t (hichA S0 ).
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Foure Gl: Fan P artial © Full Categan

Since the daims ofFastamers A are seniar 1o those of the atherbank the valle ofthe ko
dation goss o the astonears anly and the additical ssttiEnantio the otherbankis notpaid.

T his implies thatin the netsystam, the banks eam pasitive pro. s anly ifthey both are
suaessill P ro. s adwelere aregven es

Yt @D = C i i gl i rR i1k ()

Wy'@sagp= ¢ i@ imwd igR + A ioagl i1l &)

| otice that under FC, the size ofthe additicnal settbEment dbligatiaon, t© arects nather

pro. s narwelEre directly since itis nreverpaid! H enag both cauntries aewase @ uncer

FC aompared 1OP C: the cauntry of the falure’s aign because itdoes notrecawe A SO,

ad the other country because the bank goes bankaupt || et settEmant is therefae ks

attractive under FC. In a gGss systam, eqoected pro. s and eqpected welire are as under
Partal Categon. W ede.ne¢ Wee (@idp) ~ Wy'rc @ 9p) i W' (G dp-

Fguare Gl illstrates how the preferencss of the supervisars dnange as wWe switdh fran
Partial o Full Categan. T he welfexre under net settEmant is reduced disaetely as we
eter the regan of FC. H e the g in whidh net settemantt is prekerred diminishes
(the¢ W "= 0 aurves jJump innaItk). 4 s a resultof this, public regulation beaomes mare
rsstricve. Figure Gl shons how the highest type that is alloned in the net settlmat
system is reduced flam of .. O -

B thes an indirecte echvia the intersstrate. H onever; atthe time the dedsian abautsettlmeritis mace
teinasstrakeis .. >ad.
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L etus nowvtum o the private banks. Canparing ecuatias (32) ad (61), we..nd that
bank i vants o netaut ranskrs with benk j ifand anly ifgs < gff wWhere

R QR il

T Wikt ©

Casidar again a set of parameters marking the barder betinean FUll ad P axrtial Can
tegon. W hike the epeded bl wellre is reducd disaetely the dance in the banks”
ejpected pro. s is gadual Startingin the iigan of P C and gppraadiing the bader tio FC,
the pro. s oftte lbal bank go 1 zero in the state of the world where the benk hes topay
A SO . 0 nthe bader;, ad in the regan FC, the pro. s are zaro in this state of the world.
A s there is nodiscattinuity in the pro. s fian P C © FC, there is nodiscottinuity in g™ .

U nderFull Categan the prdolem ofbanks’ imited isbi ity is mae serias then itwes
uderP artial Categan: BEven ifanly ae oftrte barks &k astonersi  reaEe kss than
the pramised anauntofl + r (underP C this was the Gee anly ifboth banks | ED). T he
banks disrecard the welexe of the astomers and pragpcse netsettliement Tor too hich nisks.
B ecaLse the veliere asstometsettliemantis higherunderFulll Cattegan, the waedce betineen
prate ad public intarests is wider. T harefag the supervisars migitoenuke the private
prapcsal abko ifthe private banks have perfectinfomatian abauteadh others’ tpes; unlike
uderP artial Cattegon. T he Gese Toractive publicinvohamattin aoess regulation is tus
strager ifthe systemicimpactofa fadgn Elure is high.

&.SdeaenssW thi aeT han T wo Inernas

A ssumptian 3 wes a vary aanvenigttassumptian, as italloned us 1o Toas an the simpkst
Gee Whare no incantive aampatible sdhanes with mae then tho interak edsted. [Tthe
private banks dosere eedh others” tpe (Superiar lnfamatian), a relbation off ssumptian
3 doss notdnange the results. T he privatie banks willl s befare dadde the made of settke
ma?® B ut ifthe private have nomare information then the supervisars (| olnformatianal
A dventep), relxdngh ssumption 3 dengss the amalysis of the game but not necssaxily
the equi ibrium autcone.

Suppce fran nov an that nather the private banks nar the supervisars dosene the
Taagn bank’s pe. W e .. istaasider the Gse Where the private banks alnays pragpcse net
sstthmatt?! H erg the supervisars dadce whether the banks shaud net aut trarskrs ar
stk them in the gass systam. W e dotain the olloning resultebautthe publicinfomatian

edage
L emmaZ2. Ifi ssumptian 3 doss nothold there edstunioLe incative compatible sdhamnes
with ®o and with three intenak.

I umerical simulatias shovthat there cannotedstan incantive compatible sdame wth
4 interak. Itis passibE o shov that this implies that there aanot edst sdamnes with

20T he reeder can \erify that the proofof P riopasitian 5 does notmake use oft ssumptian 3.
21} siinthe bese madel itis never gotimal orthe private banks alnays 1o propase goss settlEment
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(a) Central banks choose F 3 (b) Central banks choose F 2
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Fguae &: T he Equlibium BEedange of P rivelke B anks and Supervisors

mare then Tourintenak ather: T hareloe the supervisars Gan edance infkamatian using
dtheratooarathreeinenalsdteme (02 and© 3, respectinvely). Figure 4.2 illstrated these
sdhames. T hesupervisars diose0? formastvales, as itgves the highestexpected welare.
H anever; TorhidhR , itis 03 thatgoprodmaitess the preferanass of the supervisars bestad
is the gotimal daa=

Suppce novthat the privatie banks exdange infamation. T he sdhame that the pmate
banks agree upan hes the lloning general fom: T he private banks prgpase netsettEnant
ifand oly ifat bsstae ofthe banks is afatype lnerarequal tog™ . | etus .. iIstaasicer
the candidate eqpi ibrium where the supervisars aftervwarcs agree Upan © 3. 1tcan be shoan
that Tresasing 0 3, the private banks propae net settbmanttin a strictly lrger area then
©3. T he three interval sdame is tharelre as de.ned by P ripasitian 1, and the supervisars
sanetimes oenuke the pmvate prapcsal T his andidate equi ibrium is ilLstrated in Hgure
& (a) where the privatle sdame is danotled © §F .

A lematinvely the superisas Gan agee upan a two interal sdame. H ere the private
and the publicsdame oerip. A s a result the public o interval sdhame gven by P rpo
gtan 1 is notinaative aompatibke. Insteed  the private and the public sdhame must be
determined simultaneausly. D enote the public sdame doteined by €. € is the bader
betnean the .. Istad the seaod interal of the publicsdame. T his andidate e ibrium,
whidh is illstrated in FHgure & (b), waks the Tolloaing way, T he private banks prapase
netsettlEmentifae of the banks (arboth) is ofa type lonerarequal © g™ . T he private
prgpcsal is acogpted anly ifboth banks are of a type lonerarecal toe, .

W e see thatthe supervisars can abo docse betneen a o and a three internal sdame it
the prmate banks edance informatian (even thouch the o interal sdhame is dic erant).
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Itums atthat the twointenal schame is gotimal orthe supervisars. [Tihe pmvate banks
edhance informatian, the supernvisars respad by using the sdame €.

L etus axsiderthe equi ibrium oftre TUllgame. T he privalie banks mowe ... iIstand dedde
whethertoedance information arnot | unerical smulatias shovthat the privete banks
preEr©’ €’ . i s longas the supervisas diooe 0’ ratherthen © 3, itis thus the subgame
perfect e ibrium that the prvate banks alhays prapase netsettlEmant T his equi ibrium
is the same as in the base madel H onever; the private banks preer®’ 10 3. ForhidhR,
wvhere the supervisars wauld dhocse 0 2 ifthe private banks alnays pragpased netsettlament;
the privale banks edance infamatian in aderoinduce the supervisars oply thesdane
&’ insteed of© 3.

G3. Catingent I nterestR ates

W e have assumed thraughaut the pgpear that astomears dosene the tpe of ssttlEment sys
B wsad oy attime 1. In this section we relBx this assumptian. Customers novdemand
an inersst rake that is aatingent an the tpe of sesttlbematsystem impkematied. W e are
interested in whether antingatinterest rate eliminates the wedoe betnean pro. ts and wel
e B ecase oFcomputatiaal ampledty, mast results derived here are numenical

Itis nota priai dear Whether the interest rate is hidestin the gos arin the net
ssttlbmattsystam, as there are two e ects atply. First the astoners knovtatiftar
bank is in a gss settlEmatt systam, the higer reserve haldings imply that it retums a
ke share of e depaaitifit &b, T his eect goss in the directian of a bner inerest
rake in the gos settbmatsystan. Seaod the astonas update thar beliek abaut the
banks” types after haing dosernvead the made of settlnant ¢ rcss settlemanttis abad sigal
abaut the banks tpe sine at ksst ae of the banks mustbe ofFa high risk pe. T his
e ectimplies a higer intersst rate in the gGss systam as 1o refact the higherprdosbi ity
ofabre. T he rumerical analysis shons that the secod e ectusually dominaies. Farmast
parametenales, the intersstrate in the gess systam is hidnerthen the aein anetsystam.

D enote the iNntexrest rades in the goss ad netsystem by r; adr, , repectinely. T he
AN in weliare and pro. s fram netling are nov

e A
CWi= (& re in)[ ig)R ill+ gitigt E(l i)+ G ;

- 81 1.
_ R
Chy Yy (ry) ai%e(@e)=Qi§iag) (e i )R+ TER jl iqjt :

A spreadintreintersstratesrg > ry inaeesss the anauntofreseres thatmustbe held
uder goss settbment reltie o netssttbnait H e ifthe interest rates are aaingait
an the made of ssttlEmat, net settlEmant becomes mare attrectinve. T he rieigan with net
ssttlmatis lxgertteninthebesemaodel | aticetha@¢ W =0 (g gy )< ¢ %0 (@rs §ry )-
T he spreed in interest rates hes a |ager e ect an the pmvate dacee an hov o sette then
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Base Model Contingent Interest Rates
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Fguae G3 Catingents. | an Catingant ] rerestR akes

ithes an the publicae?? T hareforg the supervisas migito.enuke the private pragpasal of
netssttbEnatteven it the private banks dosere eedh athars” type.

A saneampk asderFgure G3 where the publicand private preferancs are dspbhyed
1o the same sstofparanetervales. T he regan ofnetting is rgerwith cotingait rades,
independatly ofwho deddes yoan the mode of settlemantt T he dic erance is geaesst Tr
the private preferencss.

T he numerical analysis veni..es that with atingat interest ratess, banks” pro. s still
do not aandcde with welexe. T he intuiian is as eplBinad earlier; that the inerest rate
doss not refect the true sk since the astamers do notdosene the banks” gpes. T hus
antingatintersstrates are notenaugh toeliminate incantive prdolams in aaesss rieguEtion.

7. CaxdLsion

Inthis pgper; we have analyzed the regulation ofacasss o intematicnal rge valle paymant
systams vhen supervisian of the banking industry is a natical tesk W e madeled the reg
ubliors” dadsian o provice aaess 1 goss ad netssttlEmantsystans. A s anoel Eature
the communicatian betinean the supervisars ebaut the pvate banks’ riskwes endoganized.
Furttrermare we studied the autcome thatprivate banks would dhaose ifthey were notsu

Ject o regulEtian, and ampared the e dancy of publidy and privately regulaied systams.

B ath the public and privatie solLitians are shonn 1o be ine¢ dant, sinae 100 risky banks
are allonad intothe netlingsystams. Systamic riskis therefore higherthen desirebke. U nieg
22T he higer interest rate in the gass systam inaeesss the welre of the aasumers in the state of the

workd where the to banks &L T his is nottaken into acoountby the private banks. Farthe private banks
e reltie attractiveness ofnetsettbnat s inaessss maein g § Iy than itdoss Torthe supervisas.
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ulated private systems are 10 risky because banks e Imited kabi ity B anks do therefore
not tEke into acoount the Wl ast of benkruptoy, T he inet dency of the publidy impke
mated system stams fran natical supervisian. T he natiaal superisors” incaatives are
not perfectly alged  becaLse the Ta|ign econaomy canries sane of the asts ofFEllure in a
netsettbmant system. T haekae the loal supervisas hae incantives o uderstate the
risk of the koAl bark 1O induce net settbEmant in Gasss vhere the Taeign econony wauld
prebErgcs ssttbnait

W e..nd that ifthe private banks hae the same infomatian as the public authorrties,
the dedsian abaut the made of ssttlEmant shauldd be made by the regulatars. H onever; if
the pmate banks passess superiarinfomatian ebautthe Taraign benk’s risk say because of
ahigh degee ofintegration in ..nendal markets, itcan be et datt o kae this dadsan o
e pmate banks. P mate aaess riegulatiaon does espedally well in tams ofwelere ifthe
systemicimpactofa filure is b as the prvate banks intermalize mast of the assts ofnet
ssttlEmat 0 n the otherhand When & lures prgpagate thraugh the systam, the astoners
bearmcst ofthe asstofthe systemic aisis. T han, the Gase Tarpublic riegulatian is stranger-

0 urmaodel cul be goplied 1o the situatian in the eurc areawnere intlermatiaalRT6 S
and netting systams aedst Itpants autdraumstancs underwnid a”’hends o policy
shaud be olloned with regard 1o paymantsystem regulation. A aaodingly, the madel gves
sane justi. catian 1o the Eurgpean dedsian of Eaing the implkemanttatiaon ofnetting systems
in the hands of the privalie ssctor:. T he framenark could akso be usad 1O analyze damestic
payment systams in whidh Tareign banks partidpate. 1T these banks are subject to hane
auntry supervisian, similer cammunicatian prdolems aan arise betineen host and hamne
auntry supervisas. Fnally, the caommunication exdange madelled in this pgper aauld be
usad 1o study the supervisary framenark notanly Torpaymantsystans, butmare ganerally
Torintematical benking.
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A . P rook of P rpasiias aad R emarks

A 1P rpositianl

W e bdkforan incative ampatible sdeme sudh thatifa supervisarsigak that the type of
the priate bankis g;; he commits o setting an anetbasis whanever the Tordgn supervisar
sigak g; - 0"(g). Fathis sdame 1o be EesibE in the sase that all types settke net
wheneverthe Toragn barnk hes a nisk lonerthen ©" (§; ©" (¢ hes 1o be synmetric 0" (=
©Mil(¢tarallg2[0;q] De.refi(@) st ¢ W i(q;fi(q)) = 0. Itllons fran (4.1):

QigR 1L
al+ @ F@wR

(@)= ¢ .D

R iDL iR
R iDL igR L)’

)@=
Step 1: fi(¢is notsynmetric:

Proof Faralll < L < 1 adR > 1 wehaetatf ()< (£)i10). fi(¢is thaeckie
notsymmetric

StEp 2: 0"(q) anotle atinuasly inaessing ar dsaessing an an goan set

P roof Suppcee thare edsts saneq st 0"(q) < (). IFO" (¢ is strictly inasesing
thareedstssane™ st 0"(Q) < 0"(q+ ') - F(Q)- A supervsarwith a private bank of
tpe g will therelaore hae inantives 1 deviaie ad sigal tte gpe q+ . 0 n the other
hand ifO" (¢ is strictly deaessing thereexdistsane™ st 0"() < 0"(@ i ') - F1(@)- A
supervisarwith a private bank of gpe g wll therefore hae incantives o deviate. A Imi-
bBragmaitgoplies ©O0"(Q) > 1(Q). ITO"(¢is strictly i ardaasssing an an goen =t
ithes obe tat©" (¢= T, (¢. H oneer; as T, (§is notsymmetnic this notaesibke sdame

Step 3 Suppoe tereis adsaotinut/ atg; st Im 0"(Q) = ¢, ad

q! @1 qt (@)
0"(@= d; addq; 6 dj.,- Thenithes ot
il'l A ¢ﬂ_
cwW q‘;,z— q_”i+q‘Jl+l = 0. ¢ .2

P roof Incative compatibi ity recuires thatall g; 2 (05 ;; o ] prefer o sette netwith
allg; - . ;, irsteed oFdang retssttEmantanly with g; - g, while the qopasie is e
orgi 2 (03; 45 ] T his acs 1O the Ollonng o incaive compatibi ity costants

- TR BN TR

Qi s, Bag s B A s o B G :
SoWE@s TP g LW @ W g 892 (]

. TR TR |

Qi s, Ba s G Aad o G D :
oWl @ SR g - AwE @ gl a! 8a2@id]
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Usng (3.6 ad (4.1), these aastrants redue
in n¢ iu li ¢ﬂ n
o 805 CW' a7 Gi+ diy -0 8a2 (5.0 ¢ 3
i L ¢ n

1 805 CW q;2_ g+ dj1 -08d2(;0g ] ¢ D

¢ 2) Bllons then fion aottirtityofe W i ‘g2 '+ o, . =
Step 4 Incntive compeatitl Ity reqires g < o, ;-
Proof(l:W"q?;zl Iq}+ o}, =0 forg} > 0 implies that

RIS ¢ 9

i ac
Suppce that gy > g, ;- (ICC1)1tmimple51hat¢W"q;21 'q1i+ ., -0 oral

q2@5;1:0] Usng ¢ 2), wean tus wite (ICCL) a8

Moo o Mo Tl

] ] ¢
CW' i Oyt gy L CWT gy Ot Gy 8a2(G1d]

SoMing this andiianve dotin 2 ' + ¢, . G28, wihich aotredicss ¢ 5). Similly
itan be shoan thatifgf < of, 4, the sdeme is inaattive aampatible forall ; Gt dse <

€L, whidh is safis.ed. W e have therefore shoan thattitis not gptimal 1 deviate o a
nadbaingintenal 1tcn be shonn alog the same nes thatitis notgotimal o deviate
ayoterinenal ¢ 2) add; < ¢, ; aeteaeie su¢ datadtas orthe sdeme

10 be incantive compatible.

Step 5: Thesystam ofeguatians inP iqposiion 1 darecerizing o ; ' ; -5y, g Olbons
flan synmetry of 0"(¢; (4 2), adqf < ¢ < =< ;. &

A 2. Cadlikxy 1l

ITthe sigak are nanrbinding the timing is the Olloaing  Fist the supervisars simulia
neasly sad asignal ebaut thair pe. A flermarcs they dedde simultaneasly whether to
agpta o gt retssttlEnait | et ssttlemantis anly implkEmated ifboth supervisars
aogtit

In equi ibrium, the supervisars do notsignal the lbal banks pe butinsteed towhidh
interal itbelogs (s eg, Cranfd and Sdoel (1982) and Stan (1989)). A ssume that
te internak are gven by P rpasiian 1. W e vwant to showv that the sdhames dnavactierized
by P rpasitian 1 are sustanebk in the Olloning sase T he supervisas tuthiiully reveal
o whidh intenal the privatte banks belog and a private bark in interal | is alloned ©
doretsettkEmeanti fand anly ifthe Taaign bankbelongs aninternalsmalleraegual ol ( ; ;.
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Suppce that the Tadign supervisar truthiully revesk the Toragn bankSs internal T he
epected type ofabenkininterall, is1 (), ,,,+ o, ,):Casiderg 2 | ;. Fron P rigpasiian
1 we hae V1 . [l

_ 11 ¢
¢cw! qri1’2_ Cﬂiiil'}'qqii =0.

A sdf is theupper imitofl ; all banks in| ; are allonad o settke netwith aforeign bank
inl,;; Itolons immedately that the private bank is albo allonsd 10 do net settEmant
ifthe Toragn bank belongs O an inenal lonerthen | ; 5. Casiderinstead df; ; ; the boner
Emitofl ;. Sinee H ] q

i li n ¢
¢wW d;il;z_ Cﬂii'}'qﬁiii-l =0,

it ollons that a pmeate bank in | is notallonaed 1o do net settiEnantwith a foregn bark
inl, ;&1 (arahiderinenal.

W e see thata bl bankin | is allonaed by the supervisor o net trarsers autwith the
Taeign bank ifand anly the iffaeign bankbelongs aninteralin fi;; =51, ; g5 1.e Torall
05 - qqi i

Itis Efit 1o shov that the supervisars reveal tutthiiully the interval o whidh the oAl
bank belocs. 1Fthe bal supernvisarsigak tuthiully that the lbal barkisinl;, itan do
netsettbmentwith all faeigh benks infi 4 ; =51 ; 9. I'taud insteed sigal thatthe private
bank belongs O ,, z < L T he To|ag supervisorwauld allov et settlenatifthe Toagn
prmeate banks belonged O fl 4 251 ;0. H onever; as the Ibcal supervisardoes notallovnet
ssttbnatiftthe oragh bankbelogs Ol ;515 =511 .0, uthiul eveltion gves thesame
epected nelexe es sigalinga onerinternal Casiderirsteed adeviation®©ly, y> L The
foeign suypervisor then allons netsettbmaettforall fi4; 51, ;9. H ere tuthiil reveltian
daminates sigaling |, es the local supervisar prefrs ret ssttbmant it the Toagn privete
banks belongs © fi ;15 510 ; 0- T he sypervisars s reveal tuthiitlly the intenal ©
whidh the lbal bark belogs. ©

A 3.Prpoceitian 2 aadl emma?2
A 31. BEdsterce ad U niguerness of tte Sdame with 2 Internab

i ¢
Fon P rpasitian 1 it olloas that gl isg\masitesoljﬁmtod:w"q;ziq = 0. This
implies that H q

@ P0G+ R+ @ iDL qi® iDL= ¢ O

It ean be shonn that there is anly ae relbiant solution 1o this equation and thatg 2
0;1). SaMng (2.1) gves.
q -
R+ @ aDLi R+@ iDL iR iLR® iDL
¢ = - : ¢ .D

\ ofe that this resultdoes notdgpend and ssumptian 3.
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A 32. BEdsterce ad U niguerness of the Sdame with 3 Internak ormaore
Step 1: Showvtetq) -cf - of,;:
Sinee¢ W (gi;qp = 0 is donvard skping Tor¢ W (X3;y1) = 0 and ¢ W (X5 %) = 0, we
haex; < x, O > y.
FAon the incantive aastiaints, we knovthatifo? ando" exist thenwe hae
1
¢W(0é;2—0é)

CW @17 )

0 ¢ 8)
0

Suppae nawvd),; < ¢ . Itfollons fian (¢ 8) thakd) > ¢ . B utthis is a anradician
sned < ;. The ¢ - q),;. Usingasmilbaragment, itllons thatq) - of.

Step 2: Induche ce.nitan of seks.

Casiderasdamne wthn intenabk and assume thatn iseven. Thessts arede.ned in
an analogas way arn uneven. Fom siep 1, wekowvthatd - of,; - 0. De.reby S the
setofallq); ; Torwhidh this is tiug

S = -ﬁ:ﬂil :Oé _q[|1il - 00:-
N ofe that this setis idattical Toralln .

\ ovrecardd te.. istofthe incantne castrants, ¢ W (q}il;ziq’f) = (. Usngthiseguatian
we an darecterize the setofall passibe (4f ; 1), Wwnidiwe danote S . T wo acoditias
nesd ©be Ul Iid Torg! o fom partofan-interal sdeme Frstly f nescs ol e
.I1stinative astiaintfrag),, 2S . Seaodly of nescs osalisf/0 - of - ¢f (seeskEp
D.Weantende.reS as

Y Ya

1
S= @:f;)0 -q -cﬁardd:W(qul;z—cfj): 0 adq),; 25

I ext regad the st of the incative aostiaints, ¢ W (of ;7(qf, . + f,,)) = 0. This
equation implidtly ce.nes ) ;, asaftundianofg) andq); ;. Similarly toabog e annowv
ce.ress S the setofall passibke (07 ; ) ;, ;4 ; 1) Whidh Tl il this BstincaTtive costraint
foralladmissibked) adq);;, adwoaeinterebeatrang ie UL g -4, - q);;.
T his setis gven by

2 n 1 n ¥
Ss: (Cﬁ';(ﬂiz;(:ﬂil):(ﬂ 'qnz 'q:ila‘dq:w(cﬁ;_(q:il'}'qﬁiz)):o
ad(@:%;1)2S

In a similar Bshian, we can now proased using the secod aaostrant 1 dotain a set

thatindudes g (denoted S), the second st aostrant o dotain asetthatindudes ) 5
(oled ),
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etc, uttilwe hae cowered all butthe bbstastant

Y Ya
S — (cﬁl;oﬂn;qrﬂ]iz;qrﬂ]il):CﬁI 'Cf 'qqiz erd¢W(q]i2;21(cﬁ+q”))=O
a‘d(q?;cﬂiz;cﬂil)zss
8 9
< (Cﬂ;::q:il) :qq:zil -cﬂin=2 -q:in=2+l =

I~

Si1 = . adtW @, 7 @0t Binge D=0
Toad (@m0 R SmR) 2S00 T

S ;1 Is ofthe same dmersian a6 a solutian 1o the sdame butitdoss nottake the st
astantinbaccout W ece.nethesetS, thesanevway asbefore. T his honever; implies
tat the elbbmants in §, are of ae dmasan hider ten the soliian.  In pariauler; the
emasin S, haewwoatriesg, ;- (Ce.nNading,;1) adq,., (de.neding,) relering ©
the same variebke.

8 9
< (qr11;::%=2il;qr~.1=2;%in=2;::q11il) xﬂ:zil -q11=2 -q:in=2 =
S‘ - . a‘dq:w(q:in:Z;%(q[l]:Zil-}- q11=2)): 0
) ad (@; Th=i1:hin=33%;1) 2951

Step 3 Cadtas Toredsene ofasdamewt n inenak.

The ebmais in S, aotain o attries aonespading © tte \ariebke q,., (., ad
th;n=2)- H enae there edstasdamewthn interak ifand anly ifthere exdsts an ebBnait
NS, satisfingq, = th;n= adl < ¢f < =< (f;; < 1. I dice tatthe set S is idattical
1o all sdames with i internak armare becase the aastrants de.ning the sets are the
same. ITS = ; itimplies that there caanotedsta sdane with i intenak. H onewer; it
abo implies that thare ot exdst sdames with mare then 1 intenak, a6 all sets demnead
inductinely fran S are anpty.

StEp 4 g:— -0 (> 0) it ssumptian 3 hols (does nothob).

U nderh ssumptian 3 the supervisars wi ll not allov net settlEmant if they reaive no
additical infomatian ebaut the Tardgn bank’s tpe. [Tihe supervisas reaEve noinfoma
1o the epaected tpe of the Taoaon bakiszl. U nderh ssumption 3 itmust hod that
¢Wig7) -0 Torallg2[0;1]. This aoditionis satis.ed ifand oy if2 R j 1)L=R - 1.

W ewll nesd an additical bitof notation. Fan the de.nitas of the sets itcn be
seen thatall the \varicbles can be wiitien ss atuncion of ) ; , . W e ttus daoteq; (¢ ; ;) the
valeofd; ssafundionoft),,. Using¢ W (q,;;707) = 0 and¢ W (of ;7 (a1 + o, ) = 0,
we hae

IR T DLA iqh;0)

2R AL aq) | _
CﬂiZ(cﬂil)_ lcﬂilvwgecﬂ_ q:ill—'}'(liqqil)R-

gL+ @ idgR
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T aking the dernative With respect o) ; ; Vieks

0, _ tR §lyL*
@qqil (Cﬂill—'}' (1 i(ﬂil)R)Z(CﬂL'i' (1 iqr11)R)Z

Fronihsﬁh/\sihat% - 0 implies that

il.

2R § 1L
gL+ @ ig)R

Usingtreepressiand] = 1R i DL( i o, )=@, 1L + (@ i ;1R ), his redues ©

o RAiag;0)
CﬂilL'}' (1 iqrﬁ]il)R )

I'tis essy O\ fy that this codiian is satis.. ed ifand anly ifh ssumptian 3 hols.

- qr”|1ilL+ (1 icﬂil)R -

StEp 5: Underh ssumptian 3 tere exist no sdame wih thiee inenak armae.

B elore stucying S, Etus determire S . Itis essy ovarfy tatallvales ofd) . | iInS
aboare apatofS. d (¢is strictly deaessing ad aainuas in g, ; ad ke an tre
\akes betnen ), () = ¢ ad g (1) = 0.

Letusm/viumlosg Suppaee..astthat? R j 1)L=R < 1. Forq),,; = ¢, te bnest
vale ofq) .,in S, vehaeq (@) = d. Thisimplies tatd),,(¢f) = 0. ItOllors that
@) = G0d) 2Sasq@) > ,@). Ford,, > ¢, q,,@) < 0,
%ﬁ < 0. Thisvoltes (0 - gf - (f,;,, SO = ;. Sine S is eanpty, there amnotexdst
sdames with thiee internab amae. | ext aasider? R j 1)L=R = 1. H ere S aasists ofF
teebmatt(q;q);,;:q4 ;1) = 0:0;1). Fam = 3 thereedstnosolitian, sincethe conditian
g > 0 is notsatis.ed. T here abo exist no sdames with mae then n inenak, e the
adtand),, > d isvolted

StEp 611 ssumptian 3 daes nothold there edsts a unige sdeme wih tree inenak.

(P roofoft enma2) 4 sinstep 5, westudy Ss. W ehaedf () = ¢ > o}, ()= 0. For
q.1= 1, tehigestwaleofd,, inS, wehaeq ()= 0< ¢, @)= ¢ §1.1InS,
;1 ﬂesmal\al,esbet/\eencﬁ andl. q1(¢ad%|2(¢amm1Hnuslnq} T hereforg
srmql(qtardq}ﬂ(qtaesm@cmeeargardlmeeangmq} 1 reqoecll\.eyﬂ'ereeasls

aumniged;;, 4, belogng © (f ; 1) sudh thakl < o O 1) g, @) < d; < 1.
W ecrrdxieihatitereedslsauiqﬁsdfﬂnevximmreeinmals.cz

A 4 L enmal adP rpositian 3

W e need toshavthat the tho interal sdhame aeds toa higherepected welare tenwould
alhays dosing goss arnetssttienatt [1Tthe supervisas impkematt the sdane with tho

D



inenak they an alhays dotain a goss settlbmant system by sigalingg; = 1. Inequ-
ibrium, honever; the supernvisars sigal the banks” tiue tpes. Itllons from a reveald
preErace agumeant that the sdhame with 0 intenak gves higereqected weliare than
alnays implkmenting a gass settlEmaitsystem.

I ext we shonvthe sdeme with o intervak albo doninates a netsettlamentsystem tor
all (U gp)- L ete be the ed pantofte .. istinteral in atho interal sdeme; thatis, the
banks ssttkeretic. ;0 - @ T he eqeded welbxe s a funadian ofg is gven a6

ZZ, Z,Z, Z,Z,
EW)= Wydgdao + Wedgdop + Wedgpdaop:
0 0 0 e e 0
vhere tre intarestrate is gvan by B .1) withe= ¢ . Integratian and maximizatian yieks
te .. Istaderadtat

efR(liZE)i?qﬂ?L+R i+ 2LR §1)=10

L et g” be the soLiian 1O the .. iIst ader aaditian. A nalysis of the .. 1Ist ader denmatine
shons thatwelire inaessss Up 1og= ¢, and deaeesss aflervards. Calulatias shovthat
¢ > ¢ andP rpasition 3 Ollons. Furthermare, netssttbmattorall (0p; g ) gves a bner
epedied welfae then the sdemewith tointernak as 1 > ¢ > ¢ andl emmal llons.

[@]

A 5.P rpcsitan 4

In the gulBEiay gane the pvate barnks moe .. 1Ist and prapcse the mode of settlament
W e sawin sectian 4 thatt the supervisars allbbwnet settbnatifand anly ifboth banks are
ofatpe bnerarequal o . Farthis to be the equi ibrium autoome honever; the private
banks must propase netsettlEmant i Fthey are both ofa type lowerthend .

T he privatie banks an edange infomatian, whidh is modeked similardy o te regula
s’ edancge desaibed in sectian 42.1. T he pmate banks egee attime T = j1l ana
sdhame thatmagps the sigak satby the to banks into a prgpcsal macke tothe superisars.
W e anly aasider sdhames where both banks ether propase net ar goss settlnat, as it
is inrekbantwhether ae artho of the banks prpcae gass settemeant D enote the sdame
by© ™ (§. W e restrictattentian to incative compatible and piece wise cotinuaus sdhemes
where the banks prgpcse netsettlemanttifand aly ifg; - ©7 (gp). Finally, © & (mustbe
symmetric as de..ned in the proofofP ripasitian 1.

First tivial sdhames in whidh banks agees o alnays settke in anetaralnays in agrioss
system edst | ext Btus aasider sdthames where the pragpasal made dgpads an the sig
nak st Similaro the infomation edance of the regulbaias, we .. nd thatany incantne
ampatibe sdeme © R (¢ is astep Tnctian. T he proofis aalogas tostep 2 in the proof
OfP rpaitian 1.



Casidarfadg® 6 g orwhidho ™ (o 6 0™ (D). Fargf incattive compatibi ity
requres
H ©0ﬂ i M ©®ﬂ i
© %y Q%Z— + Q0% @ - 0% Q%Z— + L iU ¢ 9)

where0%” 0 (@) ado®” 0P (D). Farg® the reverse inequality nesds 1 hold.

Sine the banks” preferaas are indgpoendant of thar tpe both costrants hae 1
be il Ikd simultereasly Trany g; 2 [0;1]. Therefare (¢ ) hes © hod with equelity
De.ning¢ %5 ay) ~ %F @iy i Y& (@), we..nd thatfrany g; the arstidint recuas ©
0% %'0i 109 = O %0 20 (D). R evaiting yieks

L O@D+ od)= o ¢ 10)

withg™ de.ned by (5.1). Synmetry and equatian (¢ .10) imply thatthere anbe oy ae
Jump; i.e the sdame aasists ofmaxdmally tho intenak.

T he prvate banks take into acoount the public riegulation when they exdange infor
matian. | etg danote the endpdnt of the ... 1stintenal in the public tho interal sdhame.
(Sine there amnot exdst sdames with mare than o intenak T the private prgpae et
ssttbmatttorall pes seel enmal, these sdames do abo notexdst it the private banks
prapce netsettEmattaonly Torasubsstofgpes.) T hesupervisors anly allovnetsettEnat
ifboth banks are of a type lnararequal € . T he prgpasal made Tor types higer then
g is thus inebwant

D enote the private threshod 67° . B ecause there can be anly ae jump, there aie anly
wWopasible sdames thatthe pmvate banks an agee ypan. T ke istandidate sdeme hes
the Tlloning shepe (1 - shegped):

8
<

¢ Trg -6
O @@= _ ¢ e <gi-¢
"0 forgi>
(¢ 10) implies that
gF = 27 j ¢ 11)

where g7 is gven by (5.1). It DHllons that a necsssary aodition for the sdame to edst
isg < 2™ . Casidar nonvthe public sdeme. Suppase that the bl bank is of the tpe
¢ . Fathe sdame to be incantive aampatib the supervisar hes 1o be indic erent betnean
gas settbmattand netsettlementwith the eected type 16 . T he Tlloning conditian
mustthus holtt vl q

¢cw't eﬁ;;cﬁ =90. ¢ 12)

SoMng (¢ .11) ad (¢ .12) shons that because of A ssumptian 3 wnidh implies R
DL=R - 21 there exst no soution satisfing g < 2g™ T he..istaandidate sdhame does

2



s notexdst

T hesscod csrdchleschanehasitleﬂb/\ingﬁm (asqare).

)
©FR (qi): d:R ﬁqi - QFR
0 ﬁ‘qi> QFRI :
T he supervisars do notalbwvretssttEment trg; > ¢, whered isgvenby ¢ 7). The
private infrmatian edhance is tharefore aly ebentifg™ < ¢. Thesdame hes tobe
incntive aaompatiblke whidh implies that

cHiE e )= 0, @ = 20

H onever; stiigitionnard calulatias shovtatd < @F = 2™ . T he private banks acan
thus notar ect the autcome of the game by playing the secod andidate sdeme.

T he anly thing Eft O showv is that Toresaang the public regulatian, the private banks
prefer 1o propoe net settianent rather then goss settbment T he epedted tpe of the
Teign bank gven thatnetsettmeantis gpproed is ;¢ . Sinceidf < ¢}, thebanks prefer
netssttEmattwhaeneeritis alloned by the supervsor: 1tis thus gotimal alnays o prpae
netssttbnat, ad the analysis in sectian 4 goes thraugh,. ©

A 6P rposiian 5

W e..rstshovthat there doss notedstasdemewth twoirterak as de.ned by P rpasitian
1. T he private banks prapoe o sstte an anetbasisvwhaewerg ;¢ - R § 1)L=R . Using
¢ 7 iteanbedon tatR jl)L=R < ¢. Thaefe the o internal sdame doss
notexdst Itollons fran P ripasitian 2 that there does not edst sdanes with mae then
™o inenak. Itis Eft 1o shov that the supervisars aapt the private pragpasal of a net
ssttbnaitsysteam. T he expected type of the Taiaign bank gven that net settlematt hes
been propased is €125 . Calultios shovtate W T g 1€ o Brallg - 8

72 R R+L "

hsgi - G < R jitis gpimal o aaxEptite private banks” propcsal. =

B.ThelnEerestR ate

In anetssttlEnattsystan, the astonas reaEwe 1 + r ifthe loal bank does not &l [Fis
doss &l the paymeant reaved by astoners dgpads an whether the Tadaign bank 6B ar
not 1TFthe Tordgn bank suassats, the astaners reaE\e the resenes thatthe bank holos plus
A SO, r+ t ITthetaoagh bankabo & E the astonas are anly padr. Inanetssttbnait

systam, the aasumerin Cautry 1w il therefore have the Tolloning expedied paymats an

thardpaits
RE@map= Q igwd+ N+ ol i g+ O+ agsr:
Similrly in agcss settlEmantsystam, the astaners reeE\e 1l + 1 ifthe bank suaosads,
ad t+ r ifitak. H ene the egpected paymaits are

R@:gD= ¢ iwd+ N+ gt r):

33



T he astoneas Toesee Torvnidn (r; ) net ssttlEmatt will be dasen in equilibrium.
T hey albo know if partial or Tull cotegan gpplies. Casider .. ist a private system. T he
intersst rate that ensurss the astoners eadtly zao retum an the dgpats is ten the
solLitian 1o the Tolloning ecuatia
F F A !
R @ a0 gy i+ R@Osgpigf gt R @Osgpia=1

0 0 0 qF’R qFR

SoMngforr, wedotan

H il
I SN D)
r= 2— |2_ 1i 7 GRD)
Inapublicsystem withn intenakl the inEexresstrate is gven by
M121%Zlil lel 2
R @93 5 Gi + R @i g 05 G = 1
FO0 - 0 F0

i ai anilil

C. 0 pumalR eseneH oddings

D enote the amaunt of reserves hed €#and the gotimal anaunitofresenes €. T hepro.sin
e gtss settlnattsysem are

h i
) Qi Qari€itiR ii9 O G
he (@ = £ ol )
Ciw diri®R ili® ore_tr

Itis essy Oy hatpro. s acinaessingin®fre - ¢ r, sstebanksness & r
resenes tosette paymants and topay Custonears A thepromisedintersstraie. H exe €= t

Casidarnextthe netsettEmantsysem. I'tcan be shonn thatitis nevergotimal tohold
s resenves thenr, as resenes ofr are nesdad o pay Custamers A. Suppae therefare that
the bankhdlds € _ r resenes. T he pro. & ae

© £ o £ o

Iy (D)= Qig) Qiagd Qari® il+ &+ Qiri®R il+ &t -

T adng the darivatinve with respect o€ we..ind

V1 il -
oY R
@A(Ntz(lich) G id iR il :
Thus, ( b
ifoo< Ril = ®iDL
€= ::+ r Ieil::él< pi R C1)



W ewatshav that the private banks docse €= r in the igan where a netsettbEnat
system isimpEmatted. Suppase.. rIstthatprvalte banks have perfectinformatian ebauteadh
others’tpe 4 netsettkemantsystemis thenimplementedifard anlyif - &108 < €10k
H enae thebanksdxooe €= r.

I anwsuppcee thatthe private banks have noinfamaticalad\vatece. B efoetheinfoma
tTohedhange theeedad tpe ofthe Taagn bank gven thatthere is netssttlanatsystam
is 10" (G- T he supervisaraauld dotein grass settEmentwith certainty by signalingg; = 1.
Insteed, itaul docse 1© reveal the type tuthiilly, Which implies tat 0" (g) - &t
A flerthe information edange the supervisarknons the Taeign banks tpe buthe cannot
pass this infamation an o the balbank H encs ifnetssttlEmantis allonsd, the ol bank
believes the fareign berk is of the expected type 10" (qy). Sinae 10" (q) - EE2t < €10
itolbns fran (C.1) thatthe gotimal resere holdingis €= r.

Suppce insteed that sigak are natrbinding sudn that the supervisor anly knons 1o
whidh interal the Tordgn bank belongs. 1Fthe supervisarallons netsettEmattwith abank
inineral |, itmusthod that (), + ¢f) - i e Hllons that the private bark
dxoss € = r wether it knons that the Tadagn barkis in |, arit just knons that net
ssttlEmattwss goproad by the supervisar. H ence ifsigak are nantbinding itdoes not
dance the partioio dace ifthe supervisar ks the informatian he hes abaut the To|agn
bank’s type 1o the bl bank
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