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ABSTRACT

The Comparative Analysis of Setllement Systems”

After a rapid expansion of financial transactions, both the authorities and
financial institutions became aware o’ the risk involved in interbank settlermnent
systems. To cope with the risk the systems in most economies have been
designed so that large-sized payments are seftled in the real time gross
setttement {RTGS) mode, whereas srnall ones are dealt with in the designated
time net seftlement system. Yet the introduction of the RTGS system imposes
substantial costs of maintaining intraday liquidity on patrticipants, which creates
a fear among European as well as Japanese banking communities that they
might lose competitiveness against their US counterparts whose main
settlement system, Fedwire, does not require collateral. We first compare
these different settlement systems from the participant's cost-benefit
perspective and see if this concern always holds. Second, we develop the
same framework o analyse the net setflement system, and then suggest i
there is a rationale behind the coexistence of both the RTGS and net
settlement systems.
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NON-TECHNICAL SUMMARY

This paper examines the structure of seftlement systems. Most payments
have long been dealt with in the designated time net setilement system, where
there Is a time lag between the payment order and the actual transfer of
money. Traditionally, the receiver of the payment order has made funds
available to its client before interbank settlement (i.e. actual receipt of money)
takes place. Yet the receiver faces a credit nisk if the sender of the order goes
insolvent before it fulfills its obligation. The recent expansion of financial
transactions forced the authorities, as well as financial institutions, to realise
how much risk Is invelved in this scheme. One way te cope with this risk is to
design the payment system in such a way that large-sized payments are dealt
with in the real time gross settlemeni (RTGS) system, in which the payment
order and the transfer of money are carried out simultaneocusly, while small
payments are still deait with in the net seitlement, but incorporate some
measures against risk rather than being left open-ended. This combination of
two systems seems to have become a world standard; in fact, most OECD
countries except Japan have already adopted this framework although
structural details vary. Yet the RTGS system requires banks to hold more
intraday liquidity in order to finalize each payment separately. [t certainly
imposes additional costs of liquidity maintenance on participants, which
creates a consensus in the banking community that its introduction s costly,
hut inevitable in order to reduce the risk they are exposed to under the ‘old-
style’ net settlerment system, L.e. the system without risk measures,

This paper examines the cost concept in the settlement system more carefully
and assesses if there is an economic rationale for the coexistence of the
RATGS and net settlement systems from the participating bank's cost-benefit
perspective. We define three cost cornponents, namely the cost of settlerment
failure, the cost of settlement delay and the cost of liquidity maintenance. First,
the payment is cancelled under the RTGS system, unless the bank either
holds funds in the form of reserves or has access to an overdraft facility
provided by the central bank. Similarly, ifs cancellation cccurs in the net
settlemnent system which adopts the credit limit. In other words, any payment
leading to a net debit position greater than the limit will automatically be
rejected. The cancellation is costly to the bank in the sense that it brings about
the dissatisfaction of clients because the payment cannot be carried out as
smoothly as under the 'old style’ net settlement system. Second, the payment
delay will be observed in the RTGS svstem, as the bank cannot undertake the
payment unless it has enough reserves or an overdraft facility. The delay may
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modes, the butk of payments goes through the net settlement mode, the restrusturing of which
has now become & matter of urgeney. it has becn discussed that BOJ-NET shouid relinquish its
net settlement mode, and adopt the “genuine™ RTGS system, but the question 1s, what type of the

RTGS system fits BOJ-NET?

In order to find an appropriate structure for BOJ-NET, this paper first provides modeis which
examine several features of two completely ditferent RTGS systems, namety the EU-type and
the US-type.' The US-type charges fees on the central bank’s overdraft, but requires no collateral
in princaple, while the EU-type charges no fees, but full collateralisation is strictly required.
Folkerts-Landau, Garber and Schoenmaker (1'96) claim one umportant 1ssue ansing from the
evolution of two different RTGS systems 1s thai the bulk of financial tmnsactions wiil ultimatety
be carmed out mm US doliass, if, as they argue, the EU-type 1s more expensive than the US-type.
This 1s based on the idea that the collaterai holding 1s considered highly costly. Yet, if it were
s0 costly, 1t1s not clear why the European bankiag communities would have adopted this system,
grven the world of banking is under fierce competitive pressure. In fact, following the discussion
of how CHAPS (Clearing House Automated Payment System) came to be transferred from the
net settlement to the RTGS system with collateralised, interest-free overdrafis in Apal 1996, the
ciearing banks seemed to have been quste resistent to an introduction of fees, but were very
understanding on Lthe pomt that the Bank of England should not bear any credit nisk; henice 100%

collateralisation was inevitable. Indeed, Robia Leigh-Pemberton. the former Governor of the

! Rachet and Tirole (1995} compare RT3S systems which are categorised according to the

availability of the central bank’s mtraday credit. Our wnterest of RTGS 1s, however, limited to the
systems witls the central bank credit, because the R'TGS systems around the world seem o converge mto
one direction m which the central bank’s intraday liquidity provision 15 already taken for granted.

'

Cbvicusly, there are many pract:cal £sues which wili not be mneorporated m the model.
Nonetheless, our aim 15 not to draw a grand design of the future payment system in Japan, but rather to
provide a starting point of discussion which treats and assesses vanous RTGS systems.

2

earlier when the counterpart delays the payment.

A™(R ) compares two factors. The first sntegral in the equation shows the total fee charged by
the central bank for use of the overdraft at period 1, which can be avoided by delaying the
settlement. The second integral represents the additional loss from the payment canceliation.
By defaying the payment, B will raise the probability of A’s payment cancellation, ie. A 15
forced to cancel € if € € [R,, L], which has a counter-effect on B by incutring further foss from

customer dissatisfaction.

Given the assemption that & 15 uniformly distributed in the regrion of -L and L,

AYR,y = %E%MQF&Q\L -sP1.

We know A'S(R,) reaches the mimmum value at 8, = 0, and monotonically increasmg for R;

g [G, P]. Furthermore,

Ay = .wm% T+2PR }-sP

9

DQ&.A&UV -
4L

(P2+2PR ) > 0.

A™(P}1s always positive, suggesting if B, = P, Bank B will prefer to settle without deiay. The
iogic here 1s quite straightforward - if the bank holds reserve equal to P, there 1s no need for
overdrafting in order to settle P, whereas {o delay will be costly because the bank has to incur
the cost of customer dissatisfactton. At this stage, A™(0) could be either positive or negative;

let us look at each possibility in turn.
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ume, the central bank's overdraft 1s charged fees, and there exists an mcentive to free-ride on the
incoming payments, thus being able to avoid overdrafiing. Therefore, delaying the settiement
1s aiso possible as an equilibrium, depending on the relative effect of {wo vanables: the fee
charged by the central bank and the amount of teserve the banks hold initially. Section 6 deals
with the comparative statics between these two types of the RTGS systems. Depending on (1)
the level of fee set 1 the US-type, and (2) the extent banks perceive coliateral holding as costly,
we claim that the EU<type can provide higher profit to the bank. We thea move on to the
analys:s of the net settlement system, mn which the bank’s strategy is to set the intraday credit it
1s willing to accept from others. Comparative study between the net settlernent system and the
RTGS system 1s carned out in Section 8. We conclude that the coexistence of two systems are
Justified if (1} the cost of customer dissatisfacticn due to payment cancellation 15 comparatively
large, and (2) the banks hold relatively little reserve. Finally, we discuss the implications of this

anatysis for reform of BOJ-NET.

2. POINT OF DISTINCTION IN REAL TIME GROSS

SETTLEMENT SYSTEMS

[n order to make the comparative analyses in [ater sections easier, tet us focus on the foliowing

two factors, from which we can categonise the RTGS systems into several groups.

. [s the central bank’s credit facility available?

. If s0, how s 1ts exposure to credit risk controiled?

2.1 Liguidity Provision
One way of distinguishing the settiement systems 1s to see how participanis will fund the

Hquidity that 15 necessary 1o carry out the settlement obligation. The first and most common

The current trend in restructuring BOJ-NET favours the EU-type RTGS system. where daylight
overdrafis are fully secured by collateral. H seems to be more consistent with Asticle 22 of the
Bank of Japan Law that emphasises the soundness of the Bank's assets. However, our analysis
shows that in certam conditions there can be advantages to the US-type system: if the overdraft
fees are set appropriately, then participating banks can make more profit fom this system.
Ultmately, before deciding between the US-type and the EU-type RTGS systems, further
empincai research on the actual costs of each system 15 required. This analysis provides a model

for assessing such evidence.

APPENDIX

Proof of Propesition 1t
We first compare Bank B's profits. Let A®(Rp) be w,"' ~ = . It represents Bank B's
difference 1n profit if Bank A settles 2t period 1, Le. (B’s profit by settling at penod 1) - (B's

profit by settling at period 2).

AR, = |.\h . Be flete + .\w fe fieide
L 2y
“+ﬁ
R

= % “1PBe fleyde > 0
R

4

The equation 15 always positive. Hence we know Bank B’s profit by settling at penod 1 13
always greater than settling at period 2, when A chooses to settle at penod 1. By symmetry, this

result applies to Bank A when B setties at period .

Next we compare Bank A’s profit if Bank B settles at period 2. Let A*(R ) be =, - %7, Bank
A’s difference 1n profit, 1.e. (A’s profit by settling at penod 1}~ (A’s profit by settling at penod

A
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Figure 2-1 Several Models of RTGS Systems

Modei | Muodel 2 Model 3
Main Reserve C O O
Source of | C/B crediz C - -
Liquidity Interbank - o)} -
CHAP3 {BOJI-NET) | SIC
Example
Fedwire

As described, BOJNET does not correspord exactly to the RTGS model. SIC {Switzeriand) 1s
another unique system as neither the central bank credit nor the snterbank market is availabie.
Instead. SIC has developed a quewing system 1n which all payment orders are processed on the
FIFO (first-in-first-out) base, once the funds become available.” All the other systems in Europe,
inciuding CHAPS (UK), EIL-ZV (Germany}, RIX {Sweden} and TBF (France), have been
transferred to the RTGS system with a central bank credit facility. We denote these and Fedwire

of the US as examples of Model {.

2.2 Credit Risk Management
Next point of distinction 15 to see how the certral bank’s credit exposure to the participants 1s
managed. Here we divide Model | ino two categones:

Figure Z-2 Risk Management

Model 1-A Model -B

(EU-type} (US-type)
Collatesal O -
Fee - 0

Y We will not deal with SIC type model a1t 15 not & maun stream of the world RTGS systems.

6

US-type RTGS system than the EU-type. This chotce wili depend on what level of overdraft fees
15 set by the central bank. What this result seems to suggest 15 that the possibility of adopting the

US-type RTGS system sirould not be ruied out, just because 1t suits the ceniral bank better,

It iocks as though we need to give further consideration before deciding which type of the RTGS
system 1s more appropriate. In practice, the Bank of Japan 15 capable of extending its loans
without coliasteral, according to Article 25, which allows the Bank, with the Finance Minister's
authonty, to act beyond its ordinary scope of operation. The Federal Reserve 15 also acting 1n
a flexible way: although its discount window credit 15 obliged to be backed by collateral
according to Federal Reserve Act, the daylight overdraft is interpreted as “something else
mcident to payment system services,” which enables the Federal Reserve to adopt the present

Fedwire system.

10. CONCLUSION

We have studied how different settlement systems affect the bank’s profit. In the models of gross
setilernent systems, we assumed that the bank can choose whether or not to delay the settlement,
and found settling without delay was an equilibrium. However, in the US-type system, 1t was
also an equilibnum to delay the settlement, depending on the refative effect of two vanables: the
fee charped by the central bank and the amount of reserve the banks hold intuaily. The higher
the charged fees are, the more costly for the banks, therefore, the higher the incentive for them
to avoid using overdrafts by waiting and free-riding on the incoming payments from the
counterpart. Similarly, the less reserve the banks hold, the more likely 1t 15 that they will be
forced to rely on overdrafts; thus, the higher the mceative is for them to deiay the payments.

These equilibsia seem quite intuitive,
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settiement faifure. First, the rejection of a payment order, and secord, the failure of an actual
transfer of good funds after the payment order tas been made. Consider the following situation

where there are two banks and two customers:

Figure 3-1 Circle of Transactions

Payment Leg
Bank X >  Bank Y

Customer X Customer Y
Delivery Leg

Customer Y has sold goods to Customer X (delivery ieg mn the fgure), and in return Customer
X is due 1o pay the price for this good through his account held at Bank X. Let us start from the
“old-style™ situation where payments are undertaken in the net settlement system wherem
participants are net concerned about the credit risk m the following two senses: (1) The sender
{Bank X) provides a generous credit line to the customer (Customer X), so that Bank X 1s
generaily ready to transmit the payment order even if Customer X does not have good funds in
his account. This has been customary m order o satisfy the customers’ needs; (2} The recerver
(Bank Y, upon obtaimng the payment order (but pot the actual funds) from the sender, advises
the custorner {Customer Y) right away that the funds have been received in his favour, This s
apain a long-standing custom i the business of banking. Obviously, these two customs couid

create a senous sequence of credit risk. For exempie, if Customer X goes bankrupt, Bank X will

face the risk of not being abie to collect the funds by a desipnated ume for settiement with Bank

. A system with the net settiement mods, but with extensive measures to guarantee
“finality™

. A system with both the net settlement mode with the finality rule, and the gross
settlement mode with the central bank mtraday credit

. A system with the gross settlement mode with the central bank intraday credit

The first option s excluded, because 1t will end up with all the systems adopung the net
settlement mode. From our comparative analysis, we know that the banks caa recerve higher
prefits by setiling large payments in the RTGS system under certamn conditions, so we need to
provide the gross settlement mode in at least one of the systems. Can it be provided by the
private sector? This seems very unlikely. The enormous amount of intraday liquidity can hardly
be financed ecither by the reserve holdings or in the mterbank markets. For example, it 15
estimated that & city bank may need almost 10 times as much liquidity 1 the RTGS mode as in
the present net settiement mode of BOJ-NET. At the moment, city banks raise most of the

necassary liquidity in the call money market.

Figure 9-3 Average Qutstanding Amounts by Borrowers
in the Call Money Market in 1995

(100 miilion Yen}

Total Amount Average Amount

Total 421,289 -
City Banks 309,670 28,152
Regional Banks 303114 474
Trust Banks 13,773 563
Long-term Credii Banks 20,981 6,994
Foreign Banks 25,560 272

Source: Bank of Japan (1996)
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Secondly, we consider the situation where the payments still take place iz the pet settlement
systerm, but this time the system incorporates severa risk measures. Along with the survivors
pay rale, we introduce a bilateral credit Hmmt which 15 the maximurn amount of the net debit
posilion the recerver s willing to accept vis-a-vis the sender. As described before, 1 the net
settlement system, the receiver bears the risk against the sender untii good funds are credited on
115 own account, sipce i has been customary for the receiver to make funds availabie o the
customer before the interbank settiement takes piace. In order to fimit i#s exposure to this risk,
the recerver sets the maximum limst bilaterally, beyond whichi the payment order i1s canceiled
automatically. The sender cannot transfer the payment order unless its net-out bilateral debit
position 15 within the region set by the limit. Agamn, payment canceliation can occur and in our
interpretation both banks mcur the cost of the customer dissatistaction. Unlike the RTGS
system, nonctheless, this bilateral limit cannot fully eliminate the credit risk. As jong as the debit
position i5 within the limit, it 15 possible for the payment order to be made, without the sender
covering its net debit position at the end of the day. This could impose another cost on the banks.
We assume if the sender of the payment order fails to raise enough funds by a designated time,
1t 15 regarded as insolvent and joses its assets. At the same ume, the recerver of the order meurs
the loss whose value 1s equivalent 1o the payment order, as it has already credited in favour of
its customer; nevertheless, some of the loss car. be recovered by the sender’s asset. To sum up,
settiernent failure m the RTGS system resuits 1n banks imcursing costs due to customer
dissausfaction. In the net settlement system, failure can alsoc be caused by the mtroduction of a
bilateral Himit, 1 which case the bank aiso mmcurs the cost of customer dissatisfaction; otherwise,
failure 15 due to lack of sufficient liquidity, in which case there 1s a foss of asset for the sender

and the additional cost for the receiver.

Secondly, we adopt a different interpretation of the cost of delay. In the pet settiement system,

it takes the form of sending the payment ordar later than anticipated, which accompan:es the

1)

as privately-owned systems do. Nevertheless, this guaraniee by the central bank creates moral
hazard among the participants; therefore, if the net settlement mode continues to be
accommoedated in BOJI-NET, 1t 1s important that there 1s risk-sharing with the private sector. The
partzicipants in BOJ-NET must commut to a certain degree of risk, otherwise the Bank of Japan

fias to manage even the smaliest nisk.

To sum up, two issues seem 10 be currently under consideration: (1) Should BOJ-NET be
restructured so that the Bank of Japan retains ownership only of the gross settlement mode, as
15 rapidly becormung the norm across the world? (2) A privately owned system {esp. FEYCS} does
not offer protection against nsk. What further steps should be taken at the same time as BOJ-

MNET is restructured?

9.2 Why Should the Private System Be Endurable Against the Risks?

- Development of Risk Management and Fee Policy in Fedwire (US)
Perhaps, 1t 1s helpful at this point to know how the systems in the US have been constructed. In
Fedwire. nearly unlimuted overdrafi was available to the participants at no cost until the
beginning of the 1980s. Then the rapid growth of intraday credit raised concerns about the credit
nisk the Federal Reserve had faced. The fee policy was finally smplemented on {4 April 1994,
But the Federal Reserve had taken severaf steps to reduce the amount of overdrafis, First of all,
it introduced the net debii cap i 1985. Originally, the cap was set at three times as much as each
participant’s capital, but it was changed several times subsequently. By the late 1980s, the
Federal Reserve concluded that further measures had to be taken to reduce s exposure to credit
nisk. A fee of 0.24% p.a. was itroduced. The introduction of the fee had an smmense impact
on the use of overdrafis. According to Folkeris-Landau er al. (1996), peak overdrafis
immediately fell on average by 40% (from nearly $123 billior to $70 billion after the

mtroducton of fees in 1994), but they only underwent & marginal impact in 1995,
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The following model incorporates these concepis m the participants” profit functions. Each bank
possesses certain amount of liquidity which can be mvested either in reserves or short-term
government bond {TB). Then banks are grven the choice of settiement trnngs, 1.e. whether or
not to delay the payment, and through processin the payments, their portfolios change. Atthe
end of the day, they will recerve the interest revenue from the remainmng TB, and the profit 15
derived by subtractung all the relevant costs. Our modei identifies the equilibrium which tums

out to be that the banks settle therr payments without delay,

4, THE MODEL OF GROSS SETTLEMENT SYSTEM:
CASE OF MODEL 1-A7

The analysis 15 based on the demand for reserves under uncertainty. This framework 15 first
developed by Prisman, Slovia and Sushka (1986} and VanHoose (1991). Angelim (1994}
develops Vankoose's model further by choosing the bank’s borrowing aad lending in the
interbank market as a control variable. In this model, however, we would like to focus on the
bank’s strategy (o coordinate the amount of reserve holdings and the use of the overdrafi, which

has not been rigorousiy anatysed so far,

4.1 Notation and Timeline
There are three penods in a day. Because we will deal with an overmght credit, our mode! needs

four periods - the last pertod represents the beginning of the following day.

mtraday settiement seeds. In other words, banks have to held liguid assets anyway, no matter whether

they settle payments every day,
" 1In this section, we regard the system which provides overdraft with full preposted

collateralisation (eg. EIL-ZV in Germany) as a prototype of the EU-type RTGS system.

1z

system. These results imply that the authorities, although they stitl need to monitor the level of
the cost of customer dissatisfaction and the leve! of the fees ciarged on the overdraft in the case
of the US-type, they could introduce both systems and ailow participatng banks to adopt their

own strategies with respeet to using the two systems.

9. SOME REMARKS ON THE DESIGN OF SETTLEMENT
SYSTEMS IN JAPAN

We shall now examine what policy implications this apalysis may have on the current

restructurning of the settlernent systems in Japan.
9.1 Issues of Concern
Broadly speaking, there are four systems currently under operation: three of them are private, and

one is run by the Bank of Japan (see Figure 9-1).

Figure 9-1 Average Daily Volume in 1993

Number of Value Value per Transachion

Transactions | {trillion Yen) (million Yen)
Bill & Chegue 1,332,000 132 18,0
Zengin 3,359,600 7.3 22
FEYCS 27,000 4.2 900.0
BOI-NET 23,000 2836 12,200.0

Source: Bank of Japan (1993}
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day, the payments are regarded as being finalised. On our timeline, we assume they are free to

choose either perniod { or 2 to settle this transaction.

Banks have an access to the central bank’s daylight cverdraft at these two pertods by posting
colfateral, In the RTGS system, the amount of collateral to be posted is usually determsned by
the peak daylipht overdraft. We assume that they post collateral equivaleat to P Posting P
would enable them 1o overdrafi and settle theu part of payment P without having any reserves
or waitig for the counterpart to transfer P 11 advance of its own payment, So, the lower
boundary for L -~ Rasmun(L - R)= P (i =/, B), hence, R < L - P Their intraday cash position,
defined by the sum of the reserve and the available overdraft, 1s thus £, + 7  Any pavment
greater than the cash position cannot be processed. 1f this happens at the end of the day, r.e.
peniod 2 our model, the overdraft can be converted mto an overniglt credit, where the
collateral 15 required and the official discount rate p, which 15 less than the market rate r, 15
charged, Sc, with TB amounting to P, the bank receives the overnight credit equsvalent to
Pi(1+p). We thus define the bank’s overmight cash position as the sum of the reserve and the
avaiiable overmight credit, e, R, + PA(1+p). Tlis overmight credit has w be returned to the

eentral bank at peniod 3.

At the begmming of penod 2, a stochiastic payment obligation arises, which 1s due to be settled
at persod 2, This payment, denoted by €, is best represented as customer-reiated, which can
happen any time of the day when the customer walks i the bank and asks for the transfer of
money to his client’s account in anether bank. For simplicity, the expected value of € 15 zero
(£(e) = 0). and € 1s uniformly distributed i [~ L, L}, where positive € 15 mnterpreted as the
payment from Bank A to B, and negative € as the payment from Bank B to A. For convenence
n the jater anaiysis, we further assume that P has a prionity over e if there 18 a situation in wiuch

two payments have to be settled at the same timz. So 1t could happen that the bank does not have

8.3 Discussion
We first summanse the result obtained in the previous sections. We only show the cases where
¢L/R and sL/R are greater than I, as they seem to represent the most likely outcomes. We also

omitt the non-generic cases (R = R* <Section 8.1.2> and £ = R**) from the summary.

Figure 8-5 Summary of Results for NET vs EU-type RTGS Systems

7 > GNET (P < PY)

Case | Region |
RV < VT (P < Py
(R>R*Y | ————1 T e = — —
Region if 7 > T
Region § Y < g
Case] p———— == ————

nEY < VT (P < PR
(R<R% Region il

7 > T (P < Py

Figure 8-6 Summary of Results for NET vs US-type RTGS Systems
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Both comparauve analyses lead to the same conclusion. Whes the bank holds a relatively larpe
amount of reserve, 1t prefers to settle small payments in the RTGS system and large ones 1 the
NET system. When the bank does not hold a large reserve, it generally profils more from the
RTGS system. As the bank retams less reserve, the picture changes. We [ind the region where

our proposition holds both 1n the EU-type and the US-type. Otherwise, they will retain higher
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which lies between ~ L and L. 1s realised. Note Bank A’s intraday cash position 1s R, + P and

B'sis Ry + P We denve the following cases, depending on the vaiue of e, which vield revenues

and costs for Bank A and B.

Figure 4-2 Derivation of Profits for Bank A and B
€ Situation Revenue Cost
Bank A cancels the r(L-Ry
[R,+ Pi(1+p). L] —

payment.

[Ry. R+ PI(1+p)]

Bank A withdsaws R, &

overdrafts e-.2,.

0. R,

Bank A withdraws e

from reserve.

_‘IR:. DW

Bank B withdaws ~¢

from reserve.

[-{Ry + PHi+p)). =Ry}

Bank B witha:aws R, &

overdrafis -e- R,

[-L. - (R, + PI(1+p}]

Bank B cance:s the

payment,

Bank A’s revenue & cost

Bank B’s revenue & cost

When € exceeds Bank A’s overmght cash posinon, 1.e. B, + PA{l+p) < € < L, the pavment 15

cancelled. and both incur customer dissatisfaction costs, The revenue s strarghtforward - they

receive the interest revenue from their holdings of TB. Tt will be credited as Jong as banks do not

go msolvent, 1n which case the asset1s tzken away, As we will not observe msolvency caused

b

Figure 84 Comparison of Profits in RTGS and NET Systems
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MH..,?. < .m.n_._um".ﬂ nm** < Nu Am*q
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Positve slope al P =0 al¥ > gV (P < %)

8> (1+p)si/R ¥ < gt (O < Py

Region IV

.mﬁ;z. > .Hk.ﬁ‘

All the regions represent the same as in Figure 8-1, and depending on where $L/R lies, we have
three possible outcomes. The slight difference with Section 8.1.1 is, unlike Equation §-3, the

curvature constramt, Equation 8-3 does not go through the engin in the diagram, due to the

existence of 5.

(N0 <sL/R<r2

Region IV

7. Regron |
SPLL

ﬂnm—cm.m:

i O=(s+p¥2

: O=(1+p)sL/R

Regran 11
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overmght eredit 13 rewntten as follows:

Bank A Bank B

(Reserve) (Liquidity) (Reserve) {Liquidity)
0 L-R, Ryte L+e
(T8} {TB)
L-R, L~ Ry

Next day {pertad 3), (I + p){e - R,) 15 charged, and Bank A mcurs the net-out cost ple - R,).
Once € lies between § and R, the payment 1s small enough for Bank A 1o handle with 1ts

reserves. No overdrafl 1s necessary, with no fitther costs incurred.

Next we deal with cases if € 15 negative, meaning Bank B 15 now responsible for paying € to
Bank A. if e tes between 0 and - Ry, B manages to pay out from its own reserve, and no cost
1s incurred, Once € exceeds - Ry, Bank B has to overdrafl by the amount of ~R , - . The

balance sheets afier B’s overdraft are siown below:

Bank A Bank B

(Reserve) (Liquidity) (Reserve) {Liquidity}

R,-¢€ L-¢
(TB}
L-R;

Ryt+e L+e
{TB)
L~ Ry

€ ugelf is negative and 1ts absolute vatue 1s greater thar R, 50 By + € 15 negative. This time,

Bank B's reserve position 1s fess than zero. Similar to the previous case, where Bank A had to
rely on the overmght credit, B’s overdrafi position cannot be recovered, and it 1s converted into

the central bank’s overnight credit. The balance sheets after the avermight credit are as follows:

cancelled ous each other.

dissatisfaction while the NET system imposes the cost of the overnght credit, Therefore, high
& is [ikely to benefit the NET system, 1.e. the bank is likely to make a higher profit in the NET
system. while low 8 may result in a higher profit in the RTGS system. As P goes up, however,
the profit in the RTGS systemm caiches up and eventually exceeds the profit m the NET system,
5o 1L 1s 1nterpreled that the bank makes a higher profit in the NET system if the payment stze 15
smali but earns more w the RTGS system if payments are large. The three diagrams are agam
the same as Case 1; nevertheless, whethier Region I or [V prevails, our result does not aiter - we

have feund the case m which the proposition predommantly holds true.

8.2 Net Settlement vs Gross Settlement (US-type)

Our sccond analysis deals with the companison between the NET and the US-type RTGS
systems, We find that all the imerpretations denived in 8.1 hold. We will briefly show the resuits
and the diagrams i this sub-section; analysis of the results 15 set out = Section 8.3. We denote
the profit from ts type of the RTGS system by ©¥(P). Because we only dea! with the non-
delay equilibrum n the US-type, n%(P) 1s equivalent with the profit 1n Equation 5-1.% Let I'(P)
be w'(PY - =¥(@). Agan, we are interested in the curvature of this function and the s1g0 as

well as the slope of I'(G). First of all, we calcuiate I'(P).

L 28pss e LOR L 180

i
4L (1+p)? L 1+p L 20-r

o = 1R® + G(R)

where {8-4)

G(R) = K(R) + sR.

In comparison with Equation 8-1, this equation 1s again a quadratic function of £, and the fee

¥ Agamn, we drop the subsenipts, so 7, and 11,7 become identical. This 15 what we call &7(P),
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4.2.2 Bank A sctiles at period 1, but B settles at period 2

The next case involves a mismatching of settiement tunings between two banks. [$1s only Bank
A which execuies the payment at peried |. Alnzady overdrafting by the amountof P - R, the
remameng overdraft available for A s R, (= P - (# - R ), which represents A’s overall intraday
cash position. On the other hand, B's itraday cash position s 8, + 2P as B holds R, + Pasits
reserve and the full overdrafi by the amount of 7 15 stifl accessible. We have the followmng

siuations depending on the value of €:

Figure 4-3 Derivation of Profits for Bank A and B

€ Situatien Revenue Cost

Bank A cancels the

£, L]
payment,
Bank A overdrafis g, but
(6. )]
the position s recovered.
Bank B withd:aws ~€
[~ R Q]

from reserve.

Bank B withdraws B, &

(R, + PHI+P)). - Ry)
overdrafts ~e- R,

Bank B cancels the

= Lo (R + PH1+p))]
payment.

Reflecting A’s limited cash position, whenever € exceeds R, the payment 15 rejected. This
higher probability of payment € being rejected is apparently caused by the shortage of liguidity
on A’s part. If € lies between 0 and R, 1e. € is within the range of A's intraday cash position,
Bank A manages to carry out #s obligation by overdrafiing €. [{ Bank B 1s obliged to pay €, 1.e.

€ 18 negalive, the situation 1s the same as 1 4.2.1. This 15 due to the fact that Bank B’s balance

rased if € € [R, R + P/(1+p)}}, so lowening R does not have any effect on the size of this repion.
However, 1n the NET system, the overmght credit has to be raised if € € [R, ¢]. Given the
optimal valug of g = r&/(1+r) + Li(1+ rY, jowening & does actually widen the size of this region,

henee the bank has to mcur the greater cost of the overnight credit.

We can draw exactly the same three diagrams as iz Case 1, but the interpretation 15 absolutely
different. We still have Region [V where the RTGS system 1s strictly preferred. As cL/R nises,
Region I1 starts appearing and eventually 1t will dom:nate most of the region. Our undesstanding
ol Region I1 is identical to our proposition - the bank prefers to settle the small s1ze payment in
the NET system and large ones 1n the RTGS system. Here, we have shown that the coexistence
of the RTGS and NET systems 15 feasibie :n Region I and the region can become dominant
under certain conditions, namely that the bank holds a certain amount of reserve (£ = R*),” and
cL/R 1s large. We are not sure whether the cost of coilateral holding has to be large, from the
second condition above. In fact, 1t 15 very Likely that even if ¢ 1s small, ¢L/R as a whole is stili
farger than unity, due to the fact that the total liquidity the bank holds tend to be much farger than
the amount of reserve. So, out of the three diagrams, we think (3) | < ¢L/R is the most likely
scenaro. [n this case. we have two vanants. In Region |, we have the combination of high p and
fow 8. As we saw, holding a lower fevel of reserve will resuft in increased costs of customer
dissatisfaction in the RTGS systeri, while it will result 1n increased costs of overnight credit m
the NET systemn. If the raie of interest on the central bank credit 15 high, then the cost of
overnight Tunds 15 increased and there are additional costs of customer dissauisfaction. in this
case, the RTGS system becomes a jess atiractive proposition, and the bank tends to prefer to
settie 1o the NET system. Even though the payment size mcreases, the combination of high p

and low 8 15 likely to have an overall negative effect on the profit in the RTGS system (see the

“# Admittedly, this is noa-genenc.
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position.” and Bank A cancels the payment. If «: 15 smatler than £, A has enough cash position
10 seftie two fransactions, At the same time as A’s two payments are made, B’s payment of P
will eventually defetes A’s overdraft. So, the overmight credit need not be relied on. Similarly,
if € turns out to be B’s payment obligation, 1t can be deait with only if € 15 1n the range of 0 and
-R,. Again A’s payment of P will defete B's overdraft position: hence no further cost 1s
incurred. Finally we have a siiuation where Bank B cannot execute two paymenis due to a fack

of cash. B executes  under prionty rule, but € is rejected.

4.3 Equilibriem Analysis
The four cases above are summansed n the profit matnx {see Figure 4-3), and we denve the

following proposition.

Propasition I;
There exists a umque equilibrium where two banks choose to settle at pertod [,
Proof:

See Appendix.

The eguilibrium seems quite intuitive. Becaus: the overdraft s provided without any charge,
there 1s ne mcentive for the participants 1o deiay the payments. In addition, the delay will
mcrease the probability of its counterpart being forced to reject the subsequent payment due to
a fack of cash, and this has a counter-effect on the delayed agent which has to ineur the cost of

customer dissatisfaction due to the counterpart’s payment cancellation.

iz

* P has priority over €, by assumption, as it has been realised earlier than the stochastic
paymesl.

j oo
FL

payment size inereases.” The reduction of the customer dissatisfaction cost (high 0} surpasses
the icreases in the cost of overnight credit {p) and the cost of collateral holding {low c). Hence,
the RTGS system 1s preferred, as m Region IV. On the other hand, the combination of high p,
low B and low ¢, is likely to lead to an overal! negative effect - as the payment size goes up, the
negative [actors outweigh the benefit of saving the cost of customer dissatisfaction, and
eventually the NET system yields a higher profit for the bank, as in Regson 1 and 1[I, AscL/R
increases, the picture 1s not so much altered. The regron below the curvature constraint afways
represenis the one m which the bank prefers to settie [arge payments in the NET system, and
small ones 1o the RTGS system (Regon [). We have another region, above the curvature

constramt. where the RTGS system 15 predominantly preferred {Region 113

The result does not support our proposition that the large payments shiould be deait with m the
RTGS system and small ones in the NET system. In foct, none of the regions coincides with
what we wanted to show. Instead, what we derived here 15 a completely different picture. The
bank would be better off settling large payments m the NET system and small ores i the RTGS
system (Region | and HI), as the higher cost of overnight credit and the lower cost of customer
dissatisfaction are likely to make the profit in the RTGS system a decreasing function of the
rayment size. Otherwise, the bank predominantly prefers the RTGS sysiem (Region II), since
the lower cost of overnight eredit and the higher cost of customer dissatisfaction make the profit

in the RTGS system to an increasing function of the payment size.

8.1.2 Case2: R=R*
Next we have the case where £2(0) = 0. This 1s completely different from the previous case, The

interpretation of four regrons 1s as follows:

* ¢ may have to be extremely low to make cf/R less than 72, given the total liquidity (L) tends
to be much larper than the reserve (R),
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5. THE MODEL OF GROSS5 SETTLEMENT SYSTEM:
CASE OF MODEL 1-B

We now move to the second modei of the RTGS system, which s the crude example of Fedwire
i the US. The mam distsmction with Model [-A 15 as follows: {1) We aga:n assume the central
bank’s intraday credit 1s avatlable. Unlike Modet {-A, however, 11 requires no coilateral but
charges s if overdraft is realised at either period; (2) Although the overdraft does not require
collateral, which normally seis the maximum overdrafl svailable to the collaterai poster, banks
in this modei do not have unfimited access to overdraft i this model, either. The cap 13 normaily

+

set based on cach bank’s nsk-based capital. Moreover, the Federal Reserve holds the right to
refuse thus eredit provision if they have any doutt about a partscular bank’s creditworthiness or
operational capabilities; 1n an extreme case, they can require collateral to secure the credit, In
this modei, we simply assume the debit cap 15 set at the leve} P, n order to make the comparison
with Maodel i-A casier, and wa cali the sum of the reserve and the debit cap, “intraday cash
position” 101 this modei; (3) Because the overdrafi 1s not ted up with collateral posting, if the
participant cannot recever its overdrafl position after having settled all 1ts obligations, the
overdraft 1s switched to the overmght credit which requires the coliaterai and charges the official

discount rate. Note this facility 1s usually provided only to help the “sofvent but illiquid”

banik. M

2 The famous example of supporting the soivent but ifliguid bank 1s Bank of New York in 1985,
The deficit i the bank's reserve reached more than 22 billion US dollars by e end of the day, due 1o
the computer mishandling of the security transaction. This liquidity risk was resolved by the mtervention
of the Federal Reserve, which provided the overmg 1t loan from the discount window.

¥ Admugtedly, 1115 stil arguable whether the Federal Reserve 15 capable of distinguishing
between the solvent and insolvent banks through monrtoring the daily operation of participants in real
time.
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customer dissatisfaction due to A’s cancellation of payment (€ € [R, + P/(1+p}, L]); the same
cost due to B’s cancellation of payment {€ € [-L, -(R; +P/(i+p))]}; and finally the cost of
overmight credit {e € [R,, &, + P/(1+p}]). Bank B’s function qualitatively consisis of the same

elements. '

5.1.2 Bank A settles at period I, but B settles ut period 2

Again the situations are identical to Section 4.2.2, 2xcept the fee charged on the overdrafi. This
iyme, there 15 an advantage 1n delaying the payment. While A 1s still charged s(P - R,) for 1ts
overdraft at penod {, Bank B has avoided paying the fee, smce i has decided to delay the
payment, so it will not meur $(P - Ry} If € exceeds R, € will be cancelled. If € 15 less than R,
A will be Farther forced to overdrafl €, which wil. add another fee charged on A. However, as
Bank B pays  al peried 2, A's overdrafl position 15 avercome, so Bank A need not rely on the
overmight credit. 1f Bank B pays € to A (i.e. € 15 negative}, all the relevant revenues and costs

are identical to 3.1, 1, except that B does rot bear the overdraft fec at period 1.

3.1.3 Bank A settles at period 2, but B settles ut period 1
We have agan the symmetric versien of the previous case. Tlus urme 1115 Bank A wluch has
delayed the payment, so it has avoided being charged the fee. The revenue and cost are exactiy

the same if one exchanges the role of A and Bin 5.1.2,

5.1.4 Both Bank A and B settle at period 2
Finaily we have a case where two banks deiay the paymeats (see Section 4.2.4). [fe exceeds A's
cash position, A cancels the payment. The same for -~ L <& < - R, where B rgjects the payment.

If0<e <R, Bank A overdrafts R, - P to settle P at pertod 2 and further € 10 settle the payment

"% in the followng, profit functions are not shiown until we deal with the equilibrium analysis.

26

FoP _ L, 20-p,
oP? 2L (1+p¥?

8-3

shows the curvature constramt, £(0) can be either positive or negative, as it depends on the

constant term, £(R). Given,

K(0) = - Tmmlsm!uh <0
41+
2 3 3
KL = Hamw&mw +48r % 4 L2 >0,
4L(1 +r)

and A(R) 1s convex, there exists a vigue R = B* where %€ [0, L] and K{R*) = 0. With these

algebraic resuits, let us examune the followsng three cases in tumn,

8.1.1 Casel: R>R*

First of all, if R is greater than R*, K{R) wili be positive. This means Q(P) wil be positive at P
= 0. We know (P) 1s a quadratic functien of P Depending on the curvature and the siope at
=0, we have the following possibilities summansed in Figure 8-1. Let us denoie P* and P**

(< P*), if any, as QP = QP*H = 0.
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Figure 5-1 Profit Matrix of Meodel 1-B
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Note again that o, 15 a strategic variable for Bank A and o, is for Bank B. Because Bank A and
B are completely 0 2 symmetnc situation, we assume R = Ry, hence g, = 0,,. This enables us

to simplify Equation 7-1, and the maximum profit is written as follows.

- — 4
T U S O S - ol o Ul
e ey’ 4(1+ry* )
+ mmmulmh.bhu . mMHSoTSJ.
2(1+r)? AL(1+r)?

Here, we denved the optimal vaiue of the bilateral credit limst as well. This leads us to the

comparative analys:s between the NET and the two RTGS systems.

8. COMPARATIVE STUDPY OF GROSS AND NET SETTLEMENT SYSTEMS

We now formally anatyse the second question we asked in the introduction: can we give an
economic rationale for a coexistence of the RTGS and NET systems? Why is 1t better for large-
s1ze payments to be deadt in the RTGS system while smatl ones in the NET system? We try to
find if our mode sustains this preposition, and if so, under what conditions. Intuitively, what
we are looking for 1s a condition under which the bank’s profit m the RTGS system is an
wncreasing function of P This 1s because the profit in the NET system 1s rot a function of P as
P is cancelled out each other; thus if we find the condition where (1) the bank receives higher
profit in the NET system when P is small, and (2) the profit in the RTGS system increases with
P, we can cenclude that the bank prefers to settle small payments in the NET system and large

ones i the RTGS system - the coexistence of two systems 15 justified.

8.1 Net Settiement vs Gross Settiement (EU-typel
Qur first analysis deais with the companson of the NET and EU-type RTGS system. As in

Section 7.2, we drop the subscript 1 = 4, B, assuming that Bank A and B behave 1n the same
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Then we denive the following propoesition:

Proposition 3a:

q:cu-ﬁ: \ eﬁm-ﬁ;mam_v%,
.&h
then the EU-type RTGS system yields higher prodt for Bank A than the US-type.

Proposition 3b:

If siP-Ry = h}mﬁ_u flexde] < cP,
A

then the US-type RTGS systemn yields higher proZit than the EU-type.'*

What A"+ R ) compares 15 the relative magnitude of the two cost componenis n the models:
the fee charged for the overdraft in Model 1-B ard the cost of collateral holding. It should be
guite strasghtforward that if the cost of the fee is higher, the banks prefer the EU-type, and if the
cost of collateral postsng 15 higher, they prefer the "JS-type. Let us sofve Equation 6-1. Because

€ 15 uniformly distributed,

=S
ar

D:a::nulbw.ﬁ.mﬂl‘u = - oP 4 .m.m.mu.lxmx_.y + ~U~

' Proof is omitted because i 15 trivial from Equation 61,

30

O,

min[—~ 4, . C].
Zo, ‘
"

The surviver will not be asked to cover the foss which exceeds his collateral value; otherwise,
this survivor could go insolvent as well, which might create a domino-effect of bankruptey. In
this sense, we cannot fully eliminate the possibility that the payment might not be finalised in
the NET system. Nowadays, varicus measures have been taken in order to achieve as “close”

finatity as ta the RTGS system,”

7.2 Case of Low Bilateral Credit Limit

We define the low credit limit as ¢ {ying in the following region:

r i

R+
(1+r)?

o, € IR, . L]

1+ '

The upper boundary is the overmight cash position without collateral posted to the system
operator,” and the lower boundary 15 equal to the amount of reserve. Because any payment
greater than the limst (heace the overmight cash position) is rejecied, the bankruptcy 15 prevented.

Accordingly, we have the following siteations:

¥ See Section 9.2 for recent develepment of risk management in CHIPS.

¥ ' the RTGS system, the coflateral is deposised with the central bank, and the overmght credit,
if necessary, 15 provided hy the central bank. In this centralised system, the preposted collateral, which
was ongmnally designed to guaraatee the intraday credit, can be used for the overnight purpose.
Nonetheless, 1z the NET system, the collateral is deposited with the operator of the system, while the
overmight tunds have to be rarsed in the market. This decentralised structure does not allow the
peeposted collaterad to be used for raising the overnight credit; hence the upper boundary 18 the sum of
R, the resetve, and [LA{1+r-RV{1+r), the amount of collateral available for mising the overmght
liquidity,
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7. THE MODEL OF NET SETTLEMENT SYSTEM

Our next analysis deals with the net settlement (hereafter NET) system., a polar type of settlement
to the RTGS system. We first summarnse the mawn differences with respect to the RTGS

system.™

7.1 Point of Distinction
Operator of the System: The NET system 15 owned by a private mstitution, uniike the RTGS
system where the central bank normally owns the system. In the case of CHIPS, 1t 1s governed

by the New York Cleartag House.

Type of Settiement: The crucial difference with respect to ihe RTGS system s that under the
WET system, payments will not be finalised =t the same time as the payment orders are
transmitted from the payer to the payee. In other words, commitments to transfer money keep
accumulating for certan intervats, usually until tie end of day, and each participant transfers
only the net-out position vis-a-vis ail other partcipants n the case of the muitilateral netting
arrangement.” The NET system reduces the need for cash batances and moreover an meremental
reduction of the number of transactions 15 achiened, This efficiency denved from the need for
less liquidity 15 offset by a nsk factor, namely tha: the participants are exposed 1o a possibie loss

on an outstanding promise to pay.

Credit Facility: Unlike in the RTGS system, where the centraf bank provides credit (maimnly

® The following mstitutional features are based on CHIPS of the US. We will take this system
as a prototype.

n

M This becomes the bilateral nettng arrangernent i the position 15 netled oul between two
particpants.

intraday}, the NET system’s participants are not guaranteed an access to this credit facility. As
long as the whole settlement takes place at the end of the day (as in CHIPS), there 15 no need for
banks to actually raise intraday funds. The credit 1s de facio extended among participants.
Eventually, when the designated time ammives, those participants with net debit position have to
raise funds, and the interbank market plays the important role i providing overmght credits
this sttuation. With no central bank credit, the reserve and the funds rarsed in the market are the
primary source of settling payments. We assume each bank can make some amount of TB as
collateral for overmght credit. So with the interest rate equal to r, which 1s larger than p, the

afficial discount rate of the central bank, the overught cash position becomes

sum of the reserve and TB discounted by {1 + 7}. Any net debit position greater than tus

position cannot be dealt with.™

Risk Management: The implicit intraday bormowing and lending caused by the settlement lag
raise & further concern - how should ore cope with the nisk of a settlement failure? Broadly
speaking, there are four mechanssms which have been implemented to achieve the “finality” of
payments 1n the NET systern: a contract design such as adding a closeout provision, m which an
outstanding transaction 15 immediately reformulated nto a payable amount; the membership
criterion which restricts the participanis, based on certmin qualification; an intreduction of
bilateral credit limits and sender net debit caps; and the joss sharing arrangement. The first two

mechanisms are selfeexplanatory; for our purposes, fet us focus on the last two.

2 As we will see in the model, some of TB has 10 be preposted to the NET system operator,
which reduces the total amount of TB available for the overmght fund-rmising purpose 1n this
decentralised systen,
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