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This article studies access regulation to international large-value payment systems when
banking supervision is national. We focus on the choice between net and real-time gross
settlement. As a novel feature, the communication between the public authorities is
endogenized. It is shown that the national authorities’ incentives are not perfectly aligned
concerning the settlement method. Therefore public regulation fails to implement the
first-best access criteria. Banks prefer net settlement too often due to limited liability.
Still, if banks have superior information about their counterparties, private involvement
in access regulation is desirable as it reveals information to the public authorities.

The last decades have witnessed a substantial increase in the volume of trans-
actions that are processed via large-value payment systems. In the United
States, for example, the combined payment value processed in the Clearing
House Interbank Payment System (CHIPS) and Fedwire exceeded US$2.5
trillion per day in 1999. This trend is both a result of technological change
and of increased financial activity. Because of the high volumes transferred
and the large size of the individual payments (the average payment size in
Fedwire was US$3.3 million), payment systems have grown to be one of the
most likely channels through which financial crises can propagate.! Inter-
nationally the growing integration of financial markets has led to a rapid
increase in cross-border transactions, and raises fears that crises in different
parts of the world could affect financial stability. The design of large-value
payment systems, both on a domestic and on an international level, is thus of
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growing concern for system participants and financial regulators. For exam-
ple, the G-10 countries established working committees in order to develop
standards for interbank payment systems.”

Large-value payment systems can generally be classified into two types:
gross systems, usually operating in real time, and netting systems. In real-
time gross settlement systems (RTGSs), all transfers made between partici-
pating banks are cleared and settled immediately and irrevocably. As a result,
a bank can be reasonably sure to receive a payment once it has been cleared,
and credit and systemic risk in the settlement process are minimized. In
net settlement systems, on the other hand, payments are cleared only at
prespecified settlement times, and only the net amounts of liabilities are
actually transferred. Compared to gross settlement, netting thus significantly
reduces the amount of reserves the banks need to maintain for settlement
purposes. However, if a bank is unable to settle at the end of the day, this
can have severe consequences for the other participants, as large amounts
of expected payments will not be received. Clearly there is a trade-off in
efficiency between the two systems: if the failure of banks is an important
concern, a RTGS is the better choice since it limits the exposure to settle-
ment and systemic risk. On the other hand, a netting system becomes more
attractive the safer the banks that participate in the system and the higher the
opportunity cost of holding reserves.

RTGSs and net settlement systems frequently coexist. In the European
Union (EU), for example, the central banks of the EU countries have intro-
duced TARGET, a cross-border RTGS. Parallel to TARGET, privately or
publicly organized net and hybrid settlement systems are operational (such
as Euro-1, operated by the European Banking Association). In the United
States, the Federal Reserve Banks operate Fedwire, which offers RTGSs,
while CHIPS is a privately run net settlement system.

In this article we study access regulation to coexisting net settlement and
RTGSs in an international environment. We look at a situation where banks
of different nationalities settle their transfers through the payment system and
consider the problem of deciding whether the banks should be allowed to use
the net system. Often a lead overseer is in charge of regulating the organi-
zation of a settlement system and ensuring that certain standards are met.
The supervision of the participating banks, on the other hand, is divided
among the home country authorities. We argue that the overseer should ide-
ally make use of the supervisory information when regulating access to the
net system. However, it is shown that the international division of supervisory
power creates incentive problems in access regulation because the national
supervisors might have somewhat conflicting interests. Our original moti-
vation for studying this problem was the European cross-border settlement

Results of this work are the Angell Report (1989), the Lamfalussy Report (1990), and the Noél Report (1993)
[Bank for International Settlements].
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systems. However, the issues that we study here also arise in domestic pay-
ment systems in which foreign banks participate, since the local branches of
foreign banks are mostly supervised by the authority in the home country
rather than in the host country.

We analyze an economy with two countries where customers make and
receive cross-border transfers. In each country there is one commercial,
profit-maximizing bank. The existence of banks is justified on two grounds:
first, they are able to invest in profitable, long-run technologies, which short-
lived customers can not do. Second, banks are participating in an international
payment system, enabling their customers to make transfers abroad. Banking
supervision is the task of a local supervisor, who maximizes his or her own
country’s welfare. We assume that the local supervisor can observe the risk
of the local but not the foreign bank. Concerning the banks’ information,
we study two different scenarios. In the first, we assume that banks have the
same information as the supervisors. It seems plausible that banks operating
internationally are better informed about the risk of their foreign counterparts
than the local supervisors, so as a second scenario we assume that the banks
can perfectly observe each other’s type.

In the economy, a net and a gross settlement system are in operation. While
banks have free access to the RTGS, access to the net system is regulated.
For simplicity, we abstract from explicitly modeling a supranational regu-
lator. Instead, we assume that the local supervisors jointly decide upon the
banks’ access to the net settlement system.? Due to the division of supervi-
sory responsibilities between countries, the supervisors have to rely on each
other’s information when regulating access to the net system.

It is shown that the supervisors have incentives to understate the risk of the
local bank, because the foreign economy carries some of the costs of fail-
ure in a net settlement system. The banks, on the other hand, face limited
liability, which induces them to choose net settlement too often. As a result,
the welfare-maximizing access regulation cannot be achieved. In spite of the
incentive problems, however, the communication between supervisors allows
them to regulate more efficiently. In particular, we show that the access reg-
ulation results in higher welfare than always imposing either net or gross
settlement. Our main policy result is that supervisors should always partic-
ipate in access regulation. However, if the banks have superior information
about each other’s riskiness, it is crucial that they are also actively involved
in the regulation, as this reveals valuable information to the supervisors.

The theoretical literature on large-value payment systems has mainly
focused on the choice between net and gross settlement. Freixas and Parigi
(1998) analyze the trade-off between the risk of contagion in a net settlement

3 In practice, different agencies are responsible for banking supervision and payment system oversight, which
leads to information flows between supervisors, regulators, and often central banks, both within a country and
cross-border. In our simplified setup with only two national agencies, we are nevertheless able to capture the
problem of conflicting interests and the need to coordinate information from different sources.
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system and the higher liquidity needs in a RTGS. Kahn and Roberds (1998)
argue that in a net system, participants might have incentives to default on
their outstanding payments. The coexistence of both types of systems is dis-
cussed in Rochet and Tirole (1996). Other authors [e.g., Giovannini (1992)
and Schoenmaker (1995)] have studied problems concerning the international
division of banking supervisory powers. To our knowledge, this is the first
article that provides a formal analysis of the regulation of international pay-
ment systems. As a novel feature, we take the division of supervisory powers
among countries explicitly into account and endogenize the communication
between the national authorities. In the modeling of the communication, we
draw on previous work by, in particular, Crawford and Sobel (1982) and
Melumad and Shibano (1991).

The article is organized as follows. In Section 1, the model is described.
Section 2 discusses the effects of gross and net settlement on the banks’
portfolio choice and on systemic stability. In Section 3 we analyze the access
conditions to the net system imposed by the public regulators. This is done
first under the assumption that each regulator can observe both banks’ types,
and then assuming local supervision. The banks’ preferences regarding the
mode of settlement as well as the interaction between private and public
regulation are derived in Section 4. Section 5 concludes. Most proofs are in
the appendix.

. The Model

1.1 The economy

We consider an OLG model with two countries and three periods. There are
two generations of customers, who are born either at time 0 (customers A)
or at time 1 (customers B). They live for two periods each. Customers are
endowed with one unit of money. During the first period of their lives, they
wish to make payments to customers in the other country (e.g., for purchasing
goods). The size of the payments that the customers want to make is taken to
be fixed and equal to ¢. The customers wish to consume only in the second
period of their lives and they are risk neutral.

In each country, there is one bank. At time 0, the banks collect deposits
from the local customers of generation A. These deposits can be invested
both in central bank reserves, yielding zero interest, and in a risky country-
specific technology with a positive expected return. After depositing, cus-
tomers A can use their deposits to make payments to customers of the other
bank. At time 1, customers B deposit and customers A withdraw their money.
The bank can thus use the newly deposited funds to pay parts of its obli-
gation to customers A. All customers demand a nonnegative expected return
on their deposits.

At time 2, the risky technology yields a return of R if successful, and
0 otherwise. The probability of failure of country i’s risky technology is
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denoted g;. In order to have asymmetric information about the riskiness of
the local bank, we assume that §; is a random variable. f(-) denotes the
density function of ¢;, and F(-) is the corresponding distribution function.
f(-) takes positive values on the interval [0, 1]. For simplicity, for most
parts of the article it is assumed that §; is uniformly distributed on [0, 1].
The realization of ¢; is denoted g; (g; is also called the bank’s “type”). At
time 1, the risky technology can be liquidated prematurely. Liquidation is
costly, and the risky technology only pays L, 0 < L < 1, if successful, and 0
if unsuccessful.

1.2 Payment systems

A customer in country i can make payments to a customer in country j by
transferring funds from his or her account at bank i to the receiver’s account
at bank j. Transfers between banks are made via a payment system.

Payments can be settled either in a gross or in a net settlement system. The
gross settlement system operates on a real-time basis in which payments are
settled and cleared immediately and irrevocably (RTGS). Gross settlement
requires the banks to hold central bank reserves equal to the amount that
will be transferred to the other bank. (We assume that there are no overdraft
facilities.) Since the total transfers made every period are constant and equal
to ¢, banks have to hold ¢ reserves in each period. In a net settlement system,
incoming and outgoing payments are cleared at the end of the day, and only
the net liabilities are transferred. As long as there is no failure, net liabilities
are zero, so no reserves are needed in order to settle.

We assume that a gross and a net settlement system are already in oper-
ation. The two banks can only use the net settlement system if they both
agree to participate in it; that is, one party cannot unilaterally send payments
through a netting system. Moreover, net settlement has to be approved by the
supervisors. Transfers are therefore only netted out if both supervisors and
banks agree upon it.

1.3 The bankruptcy rule

We need to define a bankruptcy rule that determines the payment obligations
of the two netting partners in the case that one of them defaults. We assume
that banks are always obliged to fulfill their settlement obligations to the
other bank, regardless of whether the counterparty has declared bankruptcy
or not.* Furthermore, we assume that depositors’ claims on a bank’s assets
are senior to claims from the other bank. If a bank is not able to fulfill
its payment obligations to either the depositors or to the other bank, it has
to declare bankruptcy. These rules imply that (1) a failure of a bank’s risky

4 We could instead have assumed that the banks are only liable for the net amount of outstanding payments
(so-called netting by novation). For financial contagion to occur, we would then need to assume nonbalanced
payment streams such that a failing bank could have net liabilities.
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technology leads to bankruptcy of this bank, and (2) in the netting system, the
other bank (if not bankrupt) is obliged to transfer ¢ to the failing bank, which
the receiving bank then will use to repay its customers. Because the transfer
t needs to be made only if one of the parties defaults, but otherwise nets
out against incoming payments, we refer to it as the additional settlement
obligation (ASO). In a gross settlement system, there is no ASO because
settlement always occurs immediately.

1.4 Supervision and regulation

In each country, a local supervisor is in charge of banking supervision. At
time O, the supervisor in country i can observe perfectly the local bank’s
type, g;, but receives no information about the foreign bank’s type, g;.

The local supervisors decide jointly about banks’ use of the net system.
Only if both supervisors agree are the banks allowed to settle on a net basis.
Otherwise they have to use the gross settlement system. The supervisors regu-
late access to maximize local welfare. Welfare-maximizing access regulation,
however, depends on the risk of both the local and the foreign bank, that is,
on the information gathered by both supervisors. Therefore the supervisors
have incentives to exchange information about the banks’ risk.

We model the information exchange in the following way: Before the
banks’ types are realized, the supervisors agree upon a scheme that decides
for which (g;, ¢,) net settlement should be allowed. Throughout the article
we denote these schemes by ®*(-). We will consider different schemes, so
k indicates the type of scheme. ®%() gives the maximal riskiness of the
foreign bank for which net settlement is allowed as a function of the local
bank’s type. We focus on schemes that treat the countries symmetrically, that
is, schemes such that ®*(-) = (®*)~!(-). Because the countries are ex ante
identical, symmetry implies that there is no conflict of interest when the
scheme is negotiated. Therefore the supervisors agree on the scheme that
maximizes expected welfare.

After the scheme has been chosen, the regulatory game is as follows:
(1) the banks can apply to settle on a net basis, and (2) the supervisors
report the local banks’ type to each other. If the types are such that netting
should be allowed according to the prenegotiated scheme, the permission is
granted. Otherwise the banks use the gross system. The information received
from the foreign supervisor is confidential and supervisors do not pass this
information on to the banks.

We assume that there is no deposit insurance, as we are considering large-
value payment systems. The transfers in these systems usually originate from
corporate clients rather than single households and are very large on average.
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Table 1
The timing of the game

T=0 T=1 T=2
Morning Customers A transfer Customers B transfer
Gross system: settlement  Gross system: settlement
Evening  Customers A deposit Risky returns observed Risky returns realized
Supervisors (and banks) agree on scheme Customers B deposit Net system: settlement
Bank and supervisor i observe ¢; Net system: settlement Customers B withdraw
Banks apply to use net system Customers A withdraw

Information exchange
Supervisors decide upon access
Banks invest

Deposit insurance, as it is in place in most countries, would therefore only
cover a small fraction of the deposits in question.>®

1.5 Information

At time O, the local bank and the local supervisor can observe the local
bank’s type. We consider both the situation where the banks observe each
other’s type and where they do not. At time 1, all agents receive a perfect
signal about the success of the risky project in both countries. Furthermore,
we assume that customers observe the type of settlement system used only at
time 1, that is, only at the time when the signal about the return of the risky
asset is received. Our main results do not depend on this assumption, but it
allows us to solve the model in closed form.” Table 1 illustrates the timing.

Gross and Net Settlement

2.1 The customers
At time 0, when the deposit contract with customers A is signed, neither the
banks’ types nor the settlement system are known. However, the risk incurred
by customers A when depositing in the bank depends on both these factors.
Customers A therefore demand an interest rate, », which compensates them
for this risk. In the following analysis, we will see that the interest rate does
not affect the choice of settlement system. This allows us to solve the game
without deriving the equilibrium interest rate explicitly.

The OLG structure of the model implies that the banks use customers B’s
deposits to return the deposits to customers A. At time 2, customers B are

In the Euro area, for example, deposit insurance covers between 15,000 and 100,000 Euros [see Masciandaro
and Cappella (1999)]. However, the average size of cross-border payments for commercial use in TARGET
is more than 1,300,000 Euros (source: ECB Monthly Bulletin, November 1999).

Deposit insurance would introduce no additional moral hazard problems into our model. Therefore full deposit
insurance would increase welfare in the netting system unambiguously, since bank runs would be eliminated.

Suppose consumers could observe the settlement system before making transfers. The choice of settlement
system contains information about the risk of the banks. The interest rate would therefore have to be contingent
on the type of settlement system chosen to avoid consumers withdrawing their deposits. For an analysis of
the model with contingent interest rates, see Holthausen and Rgnde (2000).
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then paid back their deposits out of the returns from the risky technology.
Customers B observe both the type of settlement system and the success
of the risky technology in the two countries before depositing. They do not
deposit in a bank with an unsuccessful technology, as the bank will not be
able to return the deposits at time 2. In the following sections it is discussed
under which conditions customers B invest in a bank with a successful tech-
nology. For now, notice that customers B face no uncertainty about the value
of the bank’s assets. Hence, if customers B deposit, they demand zero interest
rate, as they are certain to be repaid.

2.2 Gross settlement
In a gross settlement system, the banks need to hold ¢ reserves every period
to be able to settle all outgoing transfers. The banks use the deposits of
customers B to pay customers A. Since customers B deposit only 1, but the
banks have to pay 1+ r to customers A, the banks hold additional r reserves
on top of the settlement requirements in the first period. At time 0, banks
must invest at least 7 4 r into reserves. For now, assume that the remaining
1 —t—r are invested into the risky technology.®

If customers B deposit, customers A withdraw 1+ r at time 1. Each bank
then holds ¢ in reserves and 1 — ¢ —r in the risky asset. If the project is
successful, the banks have (1 —¢—r)R+1t at time 2. Therefore customers B
deposit if and only if the technology is successful and

(1—t—r)R+1>1. (1)

We assume that Equation (1) holds.’ If the risky technology is unsuccess-
ful, customers B do not deposit. The bank is then forced into bankruptcy at
time 1, because it cannot pay 1+ r to customers A. Since the liquidation
value of an unsuccessful technology is zero, customers A only receive the
reserves that the bank holds, ¢+ r.

For known g, bank i’s expected profits in the gross system are

m5(q) = (1= g)[(1—r—nR—(1-1)] 2)
and expected welfare is
We(g;) = (1—t=r)[(1-g)R—1]. 3)

Welfare and profits do not coincide because of limited liability and because
the customers face informational constraints. The bank does not take into

81t can be shown that this is the profit-maximizing portfolio choice in equilibrium. Details are available upon
request.

° If Equation (1) does not hold, the banks cannot invest in the risky technology under gross settlement. Welfare
and profits are then trivially equal to zero.
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account the loss incurred by the customers if the bank fails, as it faces lim-
ited liability. If the customers observed the banks’ types and the settlement
system chosen, they would demand an interest rate reflecting the true risk
incurred when depositing in the bank. The interest rate would make the
banks internalize the losses of the customers, and welfare and profits would
be aligned. Here, however, the customers observe neither the settlement sys-
tem chosen nor the risks of the banks. Hence they cannot adjust the interest
rate to the risk, and this drives a wedge between public and private interests. '’

2.3 Net settlement

In a net settlement system, banks do not need to hold reserves for settlement
purposes. They still have to hold r to pay customers A the promised interest
rate. We assume that the remainder 1 —r is invested in the risky technology.
As before, it can be shown that this is optimal in equilibrium.

Suppose that the risky technology of one of the banks fails. The bank with
the low return goes bankrupt because customers B do not deposit. How-
ever, the profits of the other bank are adversely affected as well because of
the ASO. Following our assumptions, the ASO is equal to ¢. The bank holds
only r reserves, which it has to pay to customers A at time 1. To pay (parts
of) the ASO, it is necessary to liquidate min{1 —r, 7} of the risky technol-
ogy. In the analysis we focus on the case where the bank can repay customers
B even after liquidating some of the risky technology. Customers B will thus
deposit, and the bank survives. This occurs if and only if"!

<1—r—£)RZl. )

If Equation (4) did not hold, the bank could not repay customers B, these
would not deposit, and all of the risky technology would be liquidated to pay
customers A. This case will be briefly discussed in the conclusion.

Under Equation (4), a bank will make positive profits if its own risky tech-
nology is successful. Profits are highest if the other bank also succeeds. For
given g;, q;, the expected profits of bank i trading with bank j are given as

(g 4) = (1= @)1= IR =11~ (1 = g)g . )

We see that with net settlement, the foreign bank’s failure rate, g;, is
crucial for expected profits: A high counterparty risk reduces profits in the
netting system because there is a high probability that the bank has to pay
the ASO, t.

19 Welfare and profits would still not coincide if the customers observed the settlement system but not the types
of the banks.

' Note that Equation (4) also implies that customers B deposit in the gross system when the return is high.
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The expected welfare of country i is

Wil a) =1 =NIRA-a)=11=1| 1= a)g, 7 ~a(i-a)]. ©

In case of failure, customers A receive only r from the local bank. In
addition to this, the customers receive ¢ (ASO) from the foreign bank if it
survives.

. Public Regulation

In this section we characterize the supervisors’ regulation of access to the net
settlement system. First, we assume that the supervisors observe both the type
of the local and of the foreign bank (‘“symmetric information”). This serves
to illustrate the preferences of the supervisors and to explain some of the
effects driving the model. Afterwards we turn to the case where there is
local supervision and the supervisors observe only the local bank’s type.

As a benchmark, we first determine how access to the net settlement sys-
tem is regulated if the supervisors can set up an optimal mechanism (“con-
strained first best””). The optimal mechanism determines, as a function of the
types signaled, the mode of settlement as well as a monetary transfer between
the countries. We have in mind a situation where the national supervisors are
sovereign and not directly subject to any international authority. Therefore
it is assumed in the analysis of the full model (“local supervision”) that
the supervisors can implement a scheme that decides whether net settlement
is approved, but it is not possible to use transfers to elicit the supervisors’
private information.

In order to present the strategic interaction between the supervisors as
clearly as possible, we assume that the banks always propose net settlement.
The supervisors then decide how payments should be settled, as there is net
settlement if they accept the proposal and gross settlement if they reject it.
Section 4 studies the proposal made by the banks.

3.1 Symmetric information
We analyze the outcome if the supervisors receive a perfect signal about
the risk of the local and foreign bank. We assume that the supervisors are
interested in maximizing their own country’s welfare when deciding between
net and gross settlement.

Define AW'(g;, g,) as the welfare gain of country i if there is net settlement
instead of gross settlement:

AW[(‘IN ‘1/) = Wz{/(%’ qj) - Wé(‘li)

—i®-00-g)-gr(a+-a7). 0
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The public preferences

AW'(q,,q,) =0 and AW?(q,,q,) = 0 are displayed in Figure 1A.
AW(g;, g;) = 0 divides the (g;, g;) space into two regions. Below the curve,
net settlement maximizes the welfare of country i, while gross settlement
maximizes welfare above the curve.

The supervisors allow net settlement only if the risk of the foreign bank is
not too high. This is due to the basic trade-off between gross and net settle-
ment systems: If the foreign bank is risky, gross settlement is the preferable
mode of settlement, since it eliminates the risk of contagion. On the other
hand, if the foreign bank is relatively safe, net settlement is optimal because
reserve requirements are lower.

AW’ =0 is downward sloping because the investment in the risky tech-
nology is larger under net than under gross settlement. Therefore, as the
probability of failure of this technology increases, welfare in the net sys-
tem decreases more than in the gross system. In order to keep indiffer-
ence between net and gross settlement, the foreign bank must be of a lower
risk type.

Figure 1A illustrates how the interests of the two countries do not com-
pletely coincide. In the regions A and D, both countries prefer net and gross
settlement, respectively. In region B (C), however, the supervisor of country
1 (2), in which the bank with the lower risk is located, prefers gross settle-
ment, while the one in country 2 (1) prefers net settlement. The supervisor in
the country with the lower-risk bank is more reluctant to use net settlement,
as the bank is relatively more likely to pay ASO than to receive it.

We make one additional assumption:

Assumption 1. If a supervisor received no information about the foreign
bank’s type, he would never allow net settlement.
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Our results do not hinge on this assumption, but it allows us to restrict
attention to the simplest possible case. As the ex ante expected type of the
banks is % Assumption 1 implies that AW(g;, %) < 0 for all g;,. This is
equivalent to restricting parameters to % < %

3.2 Benchmark: the constrained first best

In this section we assume that there is local supervision. Therefore the super-
visors have private information about the local bank’s riskiness. For later
comparison, we determine how access to the net system is regulated if the
supervisors can set up an optimal mechanism. This gives the upper bound
on the efficiency of access regulation given the constraints imposed by the
supervisors’ private information.

We start by deriving the unconstrained first-best access regulation. This
is characterized by a scheme, ®2(-), which maximizes the expected joint
welfare of the two countries. ®"2(-) is defined by the following equation:

AW'(g;, D" (q,)) + AW/ (D™ (g;), ¢;) = 0 for all ¢, € [0, 1]. (®)

®FB(.) is (weakly) decreasing in g,, as Figure 1B shows, and lies between
the AW’ =0 and AW/ = 0 curves.

When deriving the constrained first-best regulation, the supervisors’ incen-
tives are taken into account. Denote the signals that country i and j send
about their types by s; and s;, respectively, and write the mechanism chosen
by the supervisors {®(s,), #,(s;), tj(sj)}(shxi)e[o’”. t;(s;) (t;(s;)) is the transfer
from country j to country i (i to j) as a function of s; (s;)."* Net settlement is
allowed if s; < ®(s;). Invoking the revelation principle, we restrict attention
to incentive-compatible mechanisms.

Consider the situation at time 7 = 0 after the types have been realized.
Assuming truth-telling by the foreign supervisor, the expected welfare of
country i is a function of ¢; and s;:

) O(s) 1 .
Wiaps) = [ Wilasa)f (@) da;+ [ Wela)f(0)) g+ 5(5)

- [ 14)1ta) g, ©)

We characterize the constrained optimal scheme in the appendix. We use
the result from the mechanism design literature that any weakly decreasing
(increasing) scheme is implementable if and only if the single crossing condi-
tion (—) or (+) is satisfied.”® The problem is nonstandard, as the preferences

'2 At the time the supervisors signal the banks’ type, they consider the expected net transfer, which is independent
of the realized type in the other country. Therefore it is without loss of generality to consider transfers that
are a function of the local bank’s type only.

13 The single crossing condition (-) (or (+)) holds if >W!/d®dg; < (>)0.
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SCr— — — — — — — —

Figure 2
The constrained first-best scheme

of the supervisors are nonmonotonous. In particular, the single crossing con-
dition (4) holds for ®(g;) > SC, where SC = (R—1)L/(R— L), while the
single crossing condition (—) holds below SC.

We show that there are two cases to consider. In the first case, R— L < RL,
DFB(q,) is below SC for all g;. ®7(-) is thus implementable, as it is decreas-
ing. If R— L > RL, ®"B(-) cannot be implemented because it takes on val-
ues greater than SC. Figure 2B illustrates a typical solution in this case.
®CTB(.) is constant above SC, since it is not possible to implement a decreas-
ing function in this region. For g; sufficiently high, where net settlement is
less attractive, ®72(-) jumps below SC and is decreasing thereafter. We treat
this case in more detail in the appendix. Proposition 1 summarizes the most
important results.

Proposition 1. The constrained optimal scheme, ®F2(.), is characterized
as follows:

(i) if R—L<RL, ®?()=®™(),
(ii) if R—L > RL, ®E(.) is weakly decreasing and ®(0) < ®F8(0).

3.3 Local supervision: the information exchange

We now turn to the full model, where it is not possible to set up a mech-
anism (or an institution) that uses transfers to extract the supervisors’ pri-
vate information. We model the information exchange in the spirit of “cheap
talk”: the supervisors can costlessly signal the risk of the banks through writ-
ten or oral communication. Hence there are neither transfers nor signaling
cost to screen the different types. The existing literature analyzing signaling
games in such an environment looks at situations with one sender and one
receiver [see, e.g., Crawford and Sobel (1982), Stein (1989), and Melumad
and Shibano (1991)]. We extend the analysis to the case of two-sided com-

1573



The Review of Financial Studies /v 15 n 5 2002

munication where both parties send and receive signals. The results obtained
in this section are thus of some independent interest.

The supervisors decide at time O for which combinations of types net
settlement is allowed. We assume that this agreement can be represented
by a piecewise continuous scheme, ®(-). Furthermore, as explained above,
we restrict attention to symmetric and incentive-compatible schemes. There
exist, of course, incentive-compatible schemes where the supervisors agree
to always allow or forbid net settlement. In the following, we show how the
equilibrium is constructed when the information exchange matters for the
choice of settlement system.

Lemma 1. ®(-) cannot be continuously increasing or decreasing on an
open set.

Lemma 1 implies that an incentive-compatible scheme has to consist of
constant segments, possibly with “jumps.” The supervisors’ incentives are
somewhat aligned, but not perfectly so. Therefore they have incentives to
pretend to be of a type that is not the true one, but close. Along the constant
parts of the scheme, it makes no difference to tell such a “small lie.” The
constant parts are thus necessary for the scheme to be incentive compatible.

The next lemma gives necessary conditions for the scheme to be incen-
tive compatible around the jumps. Denote E[q;|l;] = :"%, % dg;, the
expected type of the foreign bank given that it belorigs to interval I, =

(min(qy, g ), max(q;, gp)]-

Lemma 2. Consider two neighboring intervals, I, = (q,_, q;] and I, =

(Gns Gns1] Gn-1 < Gy < Qusr, where ®(q;) = g, for q; € I, and P(q;) = gy
for q; € I,.\, qi # qp. Necessary conditions for the scheme to be incentive
compatible are

(i) AW(gy, Elg;|I.]) =0
(i) g > qp-

Proof. Incentive compatibility requires that
R b
_/0 WN(CIi? qj')f(q]') d%“‘/ WG(qi).f(qj) d‘]j
4k

[ 1 )
> [ Witana)f(a)da,+ [ Wila)f(a))dg,
()70 7%

Vg, € (q5-1>9,) Yq; € (g1, qpy1])- Using Equation (7), these constraints
reduce to

>0 Vg €(qu1> ]

(10)
<0 Vg, €(q il

(F(qk)_F(Qk/))AWi(th[QjUk]){

Part (i) of the Lemma 2 then follows from g, # ¢, and continuity of AW,
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The expected interim profit can be written in the form of Equation (9) with
t;(-), t;(-) = 0. It follows from part (i) that E[q;|/;] < % (R I)L . This

implies that the single crossing condition (=) is satisfied: ;;)a; |4, Elgjll] =

f(E[qj|Ik])w < 0 for all g; € [0, 1]. For Equation (10) to be sat-
isfied for all types in I, and I, ,, it thus has to hold that g, > g,.. |

Using the two previous lemmata, it is now possible to characterize the
incentive-compatible schemes.

Proposition 2. Suppose the banks’ types are distributed between 0 and q.
Under local supervision, the supervisors can exchange information using
a symmetric, incentive-compatible scheme q)?(-), which is characterized as
follows:

1. ®@!(-) consists of n intervals, n > 2. Let interval h, 1 < h < n, be
defined as 1, = (q;_y, q3] with q;_, < q, g5 =0, and q, = g;

2. There are two possible types of schemes: type 1 where ®}(q; € I,) =
q,_, and type 2 where ®}(q; € I,)=¢q)_,,,, h=1,...,n

3. {q!. 45, ...,q"'_,} are given as the solution to the system of equations

(type 1):AW"(q,’l’,E[qj|In,h])=0, h=1,...,n—1
(type 2) : AW'(q;, Elg;ll,_11]) =0, h=1,...,n—1

Under schemes in Proposition 2, the supervisors reveal the banks’ types
truthfully, and the banks settle in the net system whenever g; < ®2(g;). There
can exist two types of schemes: type 1 schemes where ®(g; € I,) =0 and
type 2 schemes where @5 (g, € I,) > 0. The schemes of type 1 (2) are con-
structed such that if the local bank is of type g/, that is, on the border
between interval /; and I, the supervisor is precisely indifferent between
letting the bank do net or gross settlement with the average type in interval
I,_; (I,_;.,)- Together with the single crossing condition, this ensures that the
schemes are incentive compatible. Both types of schemes with two intervals
are illustrated in Figure 3 for a uniform distribution of types. Indifference
on the border between the two intervals implies here that the schemes are
symmetric around AW'(g;, q;) =0 at g;.

For most parts of this article, we restrict the analysis to the case of types
that are distributed uniformly on the unit interval.

Corollary 1. Suppose that q; and q; are uniformly distributed on [0, 1].
Then schemes of type 2 cannot exist. A scheme of type 1 with n intervals,
®1(-), needs to satisfy AW'(q], %(‘I:th +4q)_,)=0forh=1,...,n—1L

Proposition 3. Suppose that q; and q; are uniformly distributed on [0, 1].
Under Assumption 1 there exists a unique scheme of type 1 with two intervals
and none with more than two intervals.
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Two-interval schemes for uniform distributions

From Corollary 1 and Proposition 3 it follows that we only need to con-
sider schemes with one interval (i.e., always accept or reject the proposal of
net settlement) and ®(-).

We have chosen to focus on the case of binding signals, as it allows for
a mechanism where the supervisors report the banks’ true types. The next
corollary shows that our results do not depend critically on whether signals
are binding or not. If signals were nonbinding, the supervisors would first
send the signals. After having received the signal, the supervisors would
unilaterally decide whether to accept net settlement. Corollary 2 shows that
®?(-) would also be incentive compatible with nonbinding signals."”” The
only difference is that instead of reporting the type, the supervisors would
report the interval to which the local bank belongs.

Corollary 2. If the types are uniformly distributed on [0, 1] and signals are
nonbinding, the supervisors can exchange information using the
scheme ®}(-).

3.4 The (in)efficiency of public regulation

The previous section analyzed the communication between the supervisors. It
was shown that without transfers there exists only one candidate equilibrium
®?(-) where the supervisors exchange information. We first show that even if
the information exchange is impaired by the supervisors’ conflicting interests,
it is still better than no exchange. In the proof it is shown that regulating
access according to d7(-) gives a higher expected welfare than deciding on
the settlement system before the banks’ risk are known.

!4 Even when Assumption 1 is not satisfied, no schemes with more than three intervals can exist. Details are
available upon request.

1 The proof is straightforward, but details are available upon request.
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Proposition 4. The supervisors regulate the access to the net settlement
system more efficiently if they exchange information.

Let us now compare the two-interval scheme with the constrained first-
best scheme ®2(.) derived in Section 3.2. The schemes are illustrated in
Figure 2. The first thing to notice is that ®?(-) does not coincide with the
constrained first best. This is evident in the case R — L < RL, since there
exists an interval for which ®“72(.) is continuously decreasing in the type.
It is also true for R — L > RL, as it can be shown that ®3(0) > ®"#(0) >
DCTB(g,) for all g; € [0, 1]. This leads to the following remark:

Remark. The constrained first-best access regulation cannot be achieved
without transfers. |

From the discussion above it follows that if R — L > RL, there is too much
net settlement under the two-interval scheme. Figure 2B shows how the two-
interval scheme lies further out than the constrained first best. Therefore
the banks are allowed to do net settlement for types where gross settlement
would be optimal. In the other case, R — L < RL, ®"8(.) is implementable.
Here, ®"#(0) > ®?(0). This implies, as shown in Figure 2A, that there is
too little net settlement if one of the banks is of low risk type, but too much
if both banks are of intermediate types. For this reason, it is not possible to
say unambiguously that access regulation is too lax.'®

It is important to notice that the surplus of the customers is not affected by
the relative efficiency of regulation. The customers foresee the equilibrium
outcome and ask for an interest rate that compensates them for the risks they
incur. The cost of inefficient access regulation is thus carried by the banks.

. The Banks’ Proposal

We turn now to the settlement decision of the banks. In the previous section,
it was assumed that the banks always propose net settlement. Therefore the
national supervisors could decide between gross and net settlement.
The supervisors, however, cannot impose net settlement against the banks’
wishes. It is thus left to be shown that the banks propose net settlement
in the region where the supervisors allow it. The banks’ proposal depends
both on the regulation they foresee and on the information they have about
each other.

The analysis of the banks’ proposal has three parts. First, we determine
the banks’ preferences over net and gross settlement. Afterwards we solve
the model assuming that they have no more information than the supervisors.
We show that the results derived under public regulation are an equilibrium
outcome. It seems plausible, however, that a bank operating internationally

'®Tt is possible to show, however, that there is more net settlement than there would be under symmetric
information.
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can have better information about its foreign counterparts than the national
supervisor. Ideally the regulation of the payment system should be designed
to take advantage of the private agents’ information. In the last part, we study
how the regulator can use the information revealed by the private proposal
to regulate efficiently.

4.1 Gross and net settlement
Let us start by determining the banks’ preferences over the mode of settle-
ment. From Equations (2) and (5), we derive a threshold, ¢”, for the foreign
bank’s risk such that bank i is indifferent between gross and net settlement:
PR _ R—1
T°="p L (11)

A bank prefers to net out transfers only if its counterpart’s risk of failure is
smaller than ¢*%, that is, if the probability of contagion is low. It is important
to notice that a bank’s preferences do not depend on its own type. Since the
bank faces limited liability, it earns zero profits if it fails itself. Consequently
the bank’s own risk does not influence the choice between net and gross
settlement.

As long as the local bank is successful, it carries the full cost of net
settlement because it pays ASO if the foreign bank fails. The bank does not,
however, take into account the loss experienced by customers if both banks
fail. From the point of view of welfare, the bank chooses net settlement too
often unless it is sure not to fail. Figure 4A illustrates this point: g"* is above
AW’ =0, except for ¢; = 0 where they coincide.

4.2 No informational advantage
Suppose that neither the local bank nor the supervisor observes the risk of
the foreign bank. We assume that the banks can exchange information in a

A B

PRI R

Figure 4
Banks’ preferences and proposal
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way similar to the one analyzed in Section 3.3. Before the types are realized,
the banks can agree upon a scheme that maps the signals sent into a proposal
made to the supervisors (i.e., net or gross settlement). Notice that the public
and private schemes are decided upon simultaneously. Therefore the schemes
are best responses to each other in equilibrium.

Proposition 5. Given the public regulation of Proposition 3, it is optimal
for the banks to propose net settlement for all types.

The proposition shows that given the public scheme ®7?(-), it is optimal for
the banks always to propose net settlement.!” The supervisors then overrule
the banks’ proposal whenever at least one of the banks is of a type higher
than ¢7.

The information exchange could be profitable for the banks if they could
agree on a type 1 scheme such that net settlement was proposed in an area
smaller than ®7(-). It is shown in the proof that this is not possible. The
reason is that the banks face more severe incentive problems in the informa-
tion exchange than the national supervisors. For the supervisors, the benefits
of net settlement are decreasing in the risk of the local bank. The incentive
to pretend that the local bank is of a low type is thus decreasing with the
risk. For the banks, all types have the same incentive to pretend to be of a
low type. This can also be seen in Figure 4A, where AW’ = 0 is downward
sloping while A7’ =0 (i.e., ¢"F) is constant. As a result of this, if schemes
of the same type are compared, the supervisors can implement a scheme that
allows less net settlement than the corresponding private scheme.

4.3 Superior information

We now consider the polar assumption that the banks receive a perfect sig-
nal about each other’s type. In this case there is no need for the banks to
exchange information. The banks propose net settlement if and only if the for-
eign bank is of a type lower than or equal to ¢g* as defined in Equation (11).
The proposal made by the local bank thus reveals information to the super-
visor about the foreign bank’s type. Proposition 6 shows how the supervisors
use this information to regulate better.

Proposition 6. Suppose the banks can observe each other’s type. The equi-
librium of the game can be summarized as follows:

(1) banks propose net settlement if the foreign bank is of a type lower
than or equal to gk,

17 This is not the unique best response. For example, any scheme that proposes net settlement in a strictly larger
area than (1)]2(.) would also be a best response to <I)]2(~). Furthermore, in the proof of Proposition 5 it is shown
that there exists a scheme of type 2 which resricts the area of net settlement relative to ®?(-), but gives rise
to the same expected profits.
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(ii) for q,, g, < q"%, the supervisors implement the following scheme:
o2 gy =10 Torai= qt

2(q:) = 2 2 PR

q for gt <q;=q"",

where g7 is the solution to AW'(q7, (g7 +¢"*)) =0.

The supervisors only regulate access to the net system if both banks are of
a type lower than g”%, as the banks otherwise do not agree on net settlement.
Hence, whenever the supervisors are called to regulate access, they will hold
the belief that the foreign bank is uniformly distributed on [0, g"%]. At time
0, the supervisors choose the optimal scheme taking this updated belief as
given. (In fact, it is irrelevant what the scheme looks like for types higher
than gR.)

In the proof to Proposition 6 it is shown that the supervisors can only
exchange information using a two-interval scheme of type 2. This scheme is
illustrated in Figure 4B. We show that it is optimal to implement the scheme,
as it denies access to the netting system when both banks are of a type close
to gP®, that is, of relatively high risk.

In this section we have considered a situation where the participants in the
settlement system collect more information about the risk of their counter-
parts than the regulators. Our results show that under these circumstances it is
important that both the banks and the public supervisors regulate access to the
netting system. This is in line with the results of Rochet and Tirole (1996),
who argue that the regulator of the payment system should also make use
of the “finer information” that is acquired by market participants, provided
these have the proper incentives. Our model shows that active involvement by
market participants in regulation is desirable even if this latter requirement
is not perfectly met, as it reveals valuable information to the regulator.

. Conclusion

We have analyzed the regulation of access to international large-value pay-
ment systems when supervision of the banking industry is a national task.
We modeled the supervisors’ decision whether to allow the banks to use a
net settlement systems. As a novel feature, the communication between the
national supervisors about the banks’ risk was endogenized. We studied the
access criteria that the banks and the supervisors would choose.

Both the public and private solutions were shown to be inefficient. The
banks choose net settlement too often from a welfare point of view, because
they face limited liability. Banks therefore do not take into account the addi-
tional cost of bankruptcy in the net system. The inefficiency of public access
regulation stems from national supervision. The national supervisors’ incen-
tives are not perfectly aligned when deciding upon access, because the for-
eign economy carries some of the costs of failure in a net settlement system.
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In equilibrium, these incentive problems imply that access regulation cannot
be “fine tuned” in such a way that small changes in the banks’ riskiness
lead to a different access decision to the netting system. Still, the informa-
tion exchange between the supervisors is shown to improve the efficiency of
regulation, as it allows access to depend—at least to some degree—on the
banks’ riskiness.

We considered first the case where the banks have no more informa-
tion about their foreign counterparts than the supervisors. In equilibrium,
the supervisors impose stricter access criteria than the banks, so effectively
regulation is done by the supervisors only. As an alternative scenario, it was
assumed that the banks possess superior information about each other, say,
because of a high degree of financial market integration. It is shown that
even under this assumption the supervisors sometimes overrule the banks’
proposal of net settlement. Here, however, private access regulation plays an
important role as it reveals information to the supervisors. In general, joint
regulation by market participants and public authorities is optimal.

We analyzed a situation where a bank failure does not lead to failure of the
foreign counterpart. In Holthausen and Rgnde (2000), the case is considered
where the systematic impact of a failure is so high that failures can propagate
through the netting system. It is shown that in this situation, the customers
bear a larger part of the costs of a systemic crisis and the case for public
regulation is stronger.

Finally, let us comment briefly on how our results relate to current reg-
ulatory practice. In the United States and Europe, the role of public pay-
ment system regulation is quite limited. The main role of the regulator is
to ensure that certain risk-reducing measures are in place, while it is the
payment system operator who decides on membership. Our model questions
whether this “hands-off” policy toward payment system regulation is opti-
mal, at least in an international environment, and suggests that active public
involvement in access regulation is desirable. We have for simplicity consid-
ered a model with only three periods. Therefore the decision about access to
the netting system is taken at the beginning of the game and is not revised
later. We could instead have considered a model with a longer time horizon
where the banks invest in the risky asset more than once. Here the supervi-
sors should decide upon access every time the banks’ portfolios change. The
spirit of our results is thus that access should be reexamined periodically by
the public authorities, and not be decided once and for all.

We showed that high-risk banks should be excluded from the net system.
This seems to correspond to the way netting systems are operated in prac-
tice. In CHIPS, for instance, periodic revisions of the participants’ financial
situation take place. Finally, in many netting systems a system of debit caps
is in place that allows the participants to reduce their exposure to counterpart
failures. In our simple, linear model, however, banks and supervisors would
always choose either no cap or a zero debit cap. The choice of whether to
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accept net settlement with the foreign bank can thus be reinterpreted as the
choice of the optimal debit cap.

The article focused on the problem of regulating an international payment
system. It might be possible to use the framework developed to analyze
situations where similar two-sided communication problems arise. Obvious
examples would be the supervision of international banks and information
exchange between banks.

Appendix: Proofs of Propositions and Remarks
A.1 Proposition 1
Solving for ®78(g,) in Equation (8), we obtain

(2—¢g)(R—1)L—gR for g, < 2L(R-1)
®"*(q)={ R+(R—1)L—2¢q;(R—L) "TR+(R-1)L 12)
0 otherwise.

It follows readily from Equation (12) that ®*2(.) is weakly decreasing in g; and symmetric.

When deriving the constrained first-best scheme, we focus on symmetric schemes. The
scheme is thus implementable as a Nash equilibrium if, assuming truth-telling by the super-
visor in country j, truth-telling by the supervisor in country i can be induced. Since ®**(q;)
is strictly‘decreasing for ¢; < Rﬁfgjh, it is implementable under asymmetric information iff.
(2 /) /ag, < 0 [see Guesnerie and Laffont (1984)]. Differentiating Equation (9), we find
that thls is satisfied iff. d(g;) < % for all g;.

Case (i). R—L <RL: It can be shown that ®(q,) < “%L)L for all g;. Hence there

exist transfers that induce truth-telling by the supervisor in country i. It follows that ®(.)

is implementable as a Nash equilibrium. The transfers are given by the differential equation
X . aFB (g . JaFB

M — AWi(q;, Q)Fﬂ(qi))”aiq;"l) with 2 aqi(q’)| a1 =0.

i 2L(R—1)
qi 4= RH(R-1)L

Case (ii). R—L > RL: Since (2 /"W' )/dq; < 0 below (above) EE ' scheme has to

be weakly increasing (decreasing) above (below) “" ”L to be implementable. Since ®%(0) >

%, the first-best scheme is thus not implementdble The constrained first-best scheme has
one of the two following general forms:

(I)CFB(qv) — (II for qi S él
! 0 otherwise

where ®7%(0) > g, > &L and f‘” 7f(q’)q’d"’ < &L o

F(q1) — R
s for ¢; < g,
% for §; < g; < min{®"(g,), 4,}
D (q,) = O (q,) for min{®"(§,), ¢} <¢; < 4§,
4 for ¢, < q; < g;
0 otherwise

FB (R— 1) FB 43 f(qi)gi da (R-DL l)L

where ®5(0) > g5 > == > §,> 4, >0, ® (qz)>q,,andf2mdqlg .
In the following, we sketch the proof for the characteriziation of the second type of scheme.
The first type is characterized in an analogous way. First, consider g; for which ®*2(q,) >

& 7”L Suppose that there exists an interval [¢, "] st. ®B(.) is increasing on ¢, € (¢, q").
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Then there exists a weakly increasing function, which has the same terminal points, but is
uniformly closer to ®f2(.). This contradicts ®“"%(-) being the constrained optimal scheme. It
follows that ®<F(.) is constant above (';ZII)L

Suppose that ¢’ is a point of discontinuity st. ®F8(q’) > ﬂ and (IDCFB(q) < (RR’—”L for

; = ¢ Since the scheme is decreasing at ¢’ it is 1mp1ementable iff g2 oW )/dg; <0 <

0(1) at
/¢CFB(4) (a)q; da; < ®DL
DCFB( ) F@CTB(g)))-F(®CFB(g))) R-L ~

Consider now g; for which g; < ®%(g,) < %. The same type of argument as above
can be used to establish that (i) on any interval where ®<*%(.) is different from ®*#(-) almost
everywhere, ®°F5(.) is constant; (ii) there cannot be a point of discontinuity ¢’ for which
Uk = 0 (g) > lim,, . DP(g,) > g;; and (iii) PP (q,) < D™ (q,) for all g,.

These results characterize ®(-) for g, < % (g,). ®E(.) is defined for g; > OB (gq,)
by symmetry. Here the scheme is also implementable, as it is decreasing and ®<"8(g,) < (R ”L

Finally, suppose ®¢"#(0) > ®'#(0). It would then be possible to improve upon (I>C”‘( ) by
choosing the first segment of the scheme such that ®72(0) = ®F5(0). The resulting scheme
would be implementable (also at the possible discontinuities) and give a strictly higher expected
welfare. It follows that ®F2(0) < ®FE(0).

The transfers are given by the differential equation J—I" = AWi(q,, ®E(q, ))‘M’ (‘” with

dq
CFB . . . . . .
Mﬂiq("’) equal to the right-hand-side derivative at points where the derivative does not exist. At
i

any of the possible points of discontinuity, ¢; € {g, ¢, g3}, lim,, ), (1) = 1,(g) +
W1 f(a)AW(G,, q,) dg; (ith G, =0).
From the general shape of the constrained first-best scheme, we can derive ®F2(.) for given
parameters of the model by maximizing expected welfare wrt. ¢, and {4,, ¢,, 45}, respectively.
Finally, we compare the expected welfare of the two candidate schemes. ]

A.2 Lemma 1

Denote country i’s most preferred scheme @7 (-). This is given by AW(g;, ®;(g;)) =0 for all
g €10,1], ®(q;) = %. Suppose there exists some ¢; belonging to the open set (¢, ¢)
st. D(g;) < D (g;). If P(-) is strictly increasing on (g, ¢), there exists some & st. CD((Z) <
D(g; +¢) < P(g;). A supervisor with a bank of type LZ would then have incentives to deviate
and signal the type §; + ¢. Similarly the supervisor would deviate to §; — & if ®(-) was strictly
decreasing on (g, ¢). A similar argument applies to the case of ®(g;) > ®;(4;). Hence if ®(-) is
strictly in- or decreasing on (g, ¢), the only scheme that can induce truth-telling by country i’s
supervisor is ®(,) = ¥ () for all g, € (g, §). However, as (&) () # B! (), B(g,) = ¥ (q,)
does not induce truth-telling by the supervisor in country j. ]

A.3 Proposition 2
We know from Lemma 1 that the scheme has to consist of constant segments. Therefore we
divide the set [0, ¢] into n intervals for which ®!(g;) is constant, as explained in the proposition.
The intervals are the same for country i and j, as the scheme is symmetric. Using Lemma 2, we
obtain a system of n— 1 equations, which determines the endpoint of the first n — 1 intervals,
{q7.45, ..., q"_,}. Since there are n intervals, but only n— 1 constraints, there are two possible
types of schemes. In schemes of type 1, ®}(0) = ¢_,, while in those of type 2, ®}(0) =g =4.
Because the schemes are constructed to satisfy Lemmas 1 and 2, there are no types that have
an incentive to deviate to a neighboring interval. We can show, as in the proof of Lemma 2, that
the single crossing condition M <0 is satisfied for deviations to other than neighboring
intervals. Thus the scheme is mcentlve compatible, as it is decreasing. ]

A4 Corollary 1
For g; and g; uniformly distributed on [0 1] f(q) = f(q;) =1 for g;, q; €[0,1] and F(q;) —

F(q})=q; —q;,- Thus E[q;|[;] = = fq/f(qj)qjdqj z(‘h"“h/) The systems of equations
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in Proposition 2 simplify to

. 1
AW <q2 ) E(q,’,’fhfl +q;lh)> =0 (type 1)

and 1
W (a5t ) ) =0 (pe2)
for h=1,...,n—1. To show that schemes of type 2 cannot exist, consider 2 = 1, and note

that ¢” = 1. ¢" and ¢"_, then need to satisfy AW'(¢”", 1(¢"_, +1)) = 0. Because of Assumption
9y 9, Dn y 9,534,y p

1, one can show that AW (g}, %(q::fl +1)) <Oforany 0 < gy <gq' , <1. |
A.S Proposition 3
Step 1. Existence and uniqueness of the type 1 scheme with two intervals, ®}(-).

From Proposition 2 it follows that g7 is given as the solution to AW'(g?, 1¢7) =0. It can be
shown that for g7 € (0, 1) this equation has exactly one solution:

IR+ (R- 1)L—\/(;R+(R— 1)L)* —2(R—L)(R— 1)L

L (13)

9=

Step 2. Show that q!' < q} <q"_,.

Since AW'(g;, q;) =0 is downward sloping, for AW'(x,,y,) =0 and AW'(x,,,) =0, we
have x, < x, <=y, > y,. From Corollary 1, we know that if ®?(-) and ®!(-) exist, we have
AW'(g7, 347) =0 and AW'(g,_,, 347) =0. Since ¢ < g;_,, it follows that ¢{ < ¢ < gq)_,.
Step 3. If Assumption 1 holds, ®}(-), n > 2, does not exist.

Consider the set of variables x,, x,, X3, and x, satisfying

AWi(xl, 1()‘2"‘)‘3)> =0
2
AW (xz, %(xl +x4)> =0 (14)

Solve the first equation in Equation (14) for x, as function of x, and x;, x,(x,,x;) =

2(R—1)L—R(xp+x3) . . . .
RDL—(R=D) gy From the second equation, we obtain x, as a function of x, and x;:

_ 2(R-DL(-xp)) vy —2R-DIL2 2(R-1)L?
Xy (X, X%3) = R—(R-Dx M (%, x3). From here, i T R(R—DxaP T RR-D)I—(R—L)(xpta3) It
follows
ax,
a—4>04=>R—2(R—1)L+(R—L)x3>0. (15)
Xy

Now take x, = ¢! |, x, =¢q}, x; =0, and x, = ¢g_,. For ®/(-), n > 2, to exist, these variables

have to satisfy Equation (14). From Equation (15) and Assumption 1, it follows 83'2;2 > 0.
Furthermore, by definition g < ¢)!_, < g, needs to be satisfied. We now show that we cannot
find any combination of {g, ¢"_,, q"_,} satisfying Equation (14) for which this is true. Because

of step 2, ¢t € (0, ¢?). At g/ = g7, we have ¢" |, = ¢7 and ¢"_, = 0. However, since ¢" , is
increasing in g, it must be that ¢! , < 0 < ¢} for all relevant ¢;. Hence no solution to ®/(-),
n > 2, exists. u

A.6 Proposition 4

We need to show that ®?(-) leads to a higher expected welfare than would always choosing gross
or net settlement. Under ®?(-), the supervisors can always obtain gross settlement by signaling
g; = 1. It follows from a revealed preference argument that ®?(-) gives higher expected welfare
than always imposing gross settlement. Next, we show that ®2(-) also dominates net settlement.
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Let ¢ be the endpoint of the first interval in a type 1 scheme with two intervals (possibly
different from ®?(-)). The expected welfare as a function of g is given as

W@ = [ [ Widadq+ [ / Wi dgdg, + /[ [ Wada,da,

Integration and maximization yields the first-order condition: g*(R—L) —2g(R+(R—1)L)+
2(R—1)L =0. It can be shown that there is only one solution to this equation in [0, 1]. Denote
this solution g*. Analysis of the first-order condition shows that welfare increases up to ¢ = ¢*
and decreases afterward. Calculations show that g7 > ¢*. Hence net settlement for all (g,, g,)
gives lower expected welfare than ®(-). Proposition 4 follows. ]

A.7 Proposition 5

In the first step of the game, the banks propose how to settle payments. They can either decide
to propose net or gross settlement for all types, or they can exchange information by agreeing
on a scheme ®/*(-). As before, we restrict attention to symmetric, incentive-compatible, and
piece-wise continuous schemes. Assuming that the supervisors have agreed on ®}(-), we are
looking for a Nash equilibrium where the private and the public scheme are optimal, taking the
other scheme as given.

Consider private schemes, ®/*(-), where the proposal made depends on the types realized.
The only relevant part of the scheme is for g;, g; < g} (where net settlement is allowed), so
we consider only types that are distributed between 0 and g?. The proof is analogous to the
one of Proposition 2, so steps have been omitted. First, we find that any incentive compatible
scheme consists of constant segments with jumps. Second, consider ¢’ and ¢”, ¢’ # ¢", for which
O (q') # P*(q"). Define Am'(g;, q;) = 7 (g;» q;) — 7§ (g;). Incentive compatibility requires
that ®(g)A7'(q', 1®(q')) = (¢")A7'(q", ®(q")). Rewriting yields

S(@(g)+ (") = g, (16)

with ¢g”* defined by Equation (11). Symmetry requires that ®*%(-) is nonincreasing, and Equa-
tion (16) implies directly that there can be only one jump; that is, the scheme consists of
maximally two intervals. Thus only two types of schemes are possible:

qi®  for ¢; < gf* g for g <gf*

P (q,) = (type 1), or  ®F(q) = 4% (type 2),
2

0 otherwise. otherwise.

where ¢/* < ¢}, i =1,2. Consider first ®/*(-). Straightforward calculations show g7 > ¢"* >

14} This implies that there is no ¢{* satisfying Equation (16), so ®*(-) does not exist.

Second, consider the scheme ®2%(-). We find that there exists a gi* < g} satisfying Equa-
tion (16). However, as Equation (16) holds, the banks are indifferent between settling net accord-
ing to ®YR(-) or ®}(-). Implementing P} (-) gives the same expected profit as proposing net
settlement for all ¢;, ;. Hence it is optimal to agree on a scheme that proposes either net or
gross settlement for all types realized.

Finally, foreseeing the public regulation, the banks prefer to propose net rather than gross
settlement. The expected type of the foreign bank given that net settlement is approved is %qlz
Since %q,z < g"*, banks prefer net settlement whenever the supervisor allows it. ]

A.8 Proposition 6
The supervisors know that banks propose net settlement iff. g;, g; < q™®. Thus their updated
belief given that the banks propose net settlement is that the risk of the foreign bank is uniformly
distributed on [0, ¢"%].

First, we show that the supervisors can only exchange information using the scheme ®2(-).
Consider schemes of type 1. ®7(-) does not exist, as g7 given by AW'(q7, 147) =0 is larger
than ¢"R. Then, from the proof of Proposition 3, no type 1 scheme can exist.
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For schemes of type 2, note that ¢ is determined by AW'(q?, (g} + ¢™*)) = 0. Straight-
forward calculations show that this equation has a unique solution for which 0 < ¢ < ¢**
so ®3(-) exists. Now, consider ®4(-), n > 2. First, using the same argument as in step 2 of
Proposition 3, we obtain ¢"_, € (¢?, ¢"*). Furthermore, ¢} < ¢"* needs to hold. Take x; = ¢/,
X, =q"_,, x; =¢"%, and x, = ¢;. These variables have to satisfy Equation (14). Using Equa-
tion (14) we find that for g/, = ql, we have ¢} = q1 and ¢ = ¢™ > q"_,. To Show that an

as then, gy > ¢"* for all ¢" | € (¢, ¢"™®). From Equdtlon (15), we know that thls is true 1ff
R—2(R—1)L+(R—L)q"® > 0. This condition reduces to R(R+L)(1— L)+ L* > 0, which is
always satisfied. Hence ®}(-), n > 2 do not exist.

Finally, AW'(q}, 1(q} +¢"®)) =0 and *W'/d®dq < 0 imply that gross settlement leads to
higher welfare than net settlement for ¢,, ¢; € (¢, ¢"*]. | |
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