Introduction

‘“We’d always thought that if you wanted to cripple the US economy, you'd
take out the payment systems. Banks would be forced to fall back on
inefficient physical transfers of money. Businesses would z2sert to barter
and IOUs; the level of economic activity across the countty could drop like
a rock.’

Alan Greenspan, Chairman of the Board of Govericors of the US Federal
Reserve System, 1987-2006.

Today’s complex web of market infrastructiuires — payment, clearing and
settlement systems — is a response te fiictions that arise when goods and
financial securities are traded.

In general equilibrium modecls, ‘developed famously by Arrow and
Debreu (1954), such frictions ere assumed away. Every agent can trade
costlessly with everyone else, while the “Walrasian auctioneer’ ensures an
allocation that matches individual needs. Each agent immediately finds a
trading partner, there isno need for money, and no role for either central
banks or paymer: systems to support the flow of money through the
economy. Moreover, in the Arrow-Debreu world, agents can commit to
contracts, ensuring that all obligations will be honoured. There is, there-
fore, no need for sophisticated mechanisms to enforce commitment or
manage the risks associated with non-performance.

Sadly, in the real world, trading frictions do exist. There is then a role for
money, a role for central banks, and a role for a payment and settlement
infrastructure that both supports the flow of money and provides mech-
anisms for management of the risks associated with limited enforcement
of contracts.
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With a view to clarifying policies to address risks in payment systems,
central banks have over the past few years devoted considerable resources
to the study of the economics of payments. In parallel, this field has begun
to establish itself as a new subject for scholarly research, drawing
in academic students and researchers. To date, however, there has been
little attempt to draw together the key insights gained from this growing
body of research.

This volume seeks to offer just such a synthesis. It charts the frontier of
our knowledge to date and puts it in the context of a comprehensive
overview of the policy issues faced by central banks in this sphere.
In particular, it explores: central banks’ roles in payment systems; the
risks on which central banks focus in their oversight activities; and
the challenges central banks face as the payments and settlement land-
scape evolves.

The economics of payments is a multidisciplinesy. field, taking in
branches of economics such as monetary theory, se¢darch theory, game
theory and industrial organization. It also draw: ‘on techniques from
network theory and makes extensive use of simulation studies to model
complex interactions between payment-sys em members. For each of
the topics covered, this volume highligircs some of the most influential
works in the literature. The volume also draws heavily on empirical
insights, in particular offering an ‘historical context to central banks’
involvement in payment systeins

We hope that this book'will appeal to a wide audience, including
fellow policymakers, practitioners — either users or providers of infrastruc-
tural services — and rion-cpecialist academic economists and students. Not
only do we hope it will offer a good reference text, but also that it will
stimulate active debate and encourage new research in this important
field.

1 Money, banking and payments: historical evolution
and the role of the central bank

What is a payment? One starting point is to consider the etymology of the
verb ‘to pay’: it is derived from the verb ‘to pacify’. In this context, the idea
of pacifying goes back to an age before modern systems of payments had
been developed: the concept is closely connected, for instance, to the
medieval practice of wergild, whereby a guilty party paid a fine to its
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victims in order to prevent blood feuds. In today’s usage, a payment still
describes a transfer of value between agents.” By extension, any organized
arrangement for transferring value between parties can be defined as a
payment system. Thus, the Bank for International Settlements (CPSS,
2003c) defines a payment system as ‘a set of instruments, banking proced-
ures and, typically, interbank funds transfer systems that ensure the circu-
lation of money.’

Such systems developed in the context of the broader evolution of
money and banks and, eventually, central banks. In Part I of this volume,
we explore this evolution, describing how central banks came to assume a
role at the heart of the payments infrastructure, and illustrating why it is
natural for this role to be combined with a responsibility for monetary and
financial stability. We show how the role of central banks is intimately
linked to the evolution of ‘large value’ or ‘wholesale’ pavinent systems
that facilitate the flow of liquidity between banks.”

The early banks emerged from the business of moneychangers and
goldsmiths. These early banks developed the first arrengements for mak-
ing payments in-bank; that is, they enabled marct:aits to make payments
to one another without having to hand over specie (e.g. gold and silver
coins), on the basis either of deposits heldl with the same bank or of
depositor receipts (effectively bank-notes) Over time, so as to accommo-
date transfers between customers oi different banks, the banks started
accepting claims on each other.

Once banks started building up claims on each other, they needed, at
some point, to be able to exiinguish or ‘settle’ these claims. Such ‘final
settlement’ had to occur via the transfer of an asset that the creditor bank
was prepared to accent. the ultimate settlement asset. At first, banks
started settling irterrank claims using specie. Later, they switched to
settlement in asseis convertible into specie: for example, by the 1770s,
London bankers had switched from settling in specie to settling in
Bank of England notes, deemed a superior form of settlement asset. By
the mid-nineteenth century, banks had innovated further, and were able
to settle claims across the Bank of England’s books.

T And in this connection it is worth noting that a payment today is, like the wergild of
Anglo-Saxon times, a transfer of value from one agent to another, i.e. a one-way transaction.

2 Given our focus on wholesale systems and financial stability, we do not review the
economics of retail payment systems, such as credit cards, where the literature on network
effects and two-sided markets has been successfully applied to analyze competition. A survey
of this literaure can be found in Rochet and Tirole (2004).
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Elsewhere too, such as in the US or Canada during the nineteenth and
early twentieth centuries, a single, central institution emerged at which
banks could settle their claims. But this institution was not necessarily
a bank - as the clearinghouse model of settlement demonstrated — nor
did it necessarily issue the ultimate settlement asset. The connection
between central clearing and settlement and central banking was there-
fore neither straightforward nor uniform in its evolution - at least not
until the twentieth century, when several governments set-up central
banks that, in providing the ultimate settlement asset, took over (or, in
cases where it did not already exist, established) the central settlement
function. During the course of the twentieth century, these central banks
then also assumed the two key central-banking functions of ensuring
monetary and financial stability.

With its liabilities used as the ultimate settlement asset, a central bank
has an incentive to maintain their value by setting tixc terms on which
they are made available to the banking system. There is therefore a clear
synergy between a central bank’s roles in provicing the settlement asset
and promoting monetary stability. Furthermave, to ensure that balances
held in bank deposits — by far the largest cozionent of the money supply
in a modern monetary economy - can <cuotinue to function as a medium
of exchange, the central bank will take a natural interest in the payment
systems employed in the transfeir of bank deposits. Indeed, a payment
system that enables the transfer of commercial bank money and that
utilizes central-bank money ‘asits settlement asset is crucial for the imple-
mentation and transmissicn of monetary-policy decisions taken by cen-
tral banks.

Similarly, there ic a'link between the provision of the ultimate settle-
ment asset and a ceatral bank’s financial stability objective. The provider
of the ultimai= settlement asset can, in times of crisis, increase the supply
of its liabilities to ensure that payments continue to be settled. Under
certain circumstances, it might also effect emergency lending to prevent
the failure of a solvent but illiquid institution.® However, in order to avoid
moral hazard, there are benefits to reducing threats to the financial system
ex ante if this can avoid the need to intervene ex post. Indeed, such threats
may arise from weaknesses in the design or operation of the payment
systems themselves.

3 This capability is often described as a central bank’s ‘lender of last resort’ function.
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Today, central banks around the world still typically provide the ultim-
ate settlement asset, at least for large-value and wholesale market
payments, but often for major retail systems also. They sometimes also
operate, or even own, key components of the payments and settlement
infrastructure.

But over time the financial infrastructural landscape has become
more complex, expanding well beyond the traditional domain of central
banks. New payment systems and other clearing and settlement infra-
structures have emerged, processing particular categories of payments
and supporting post-trade processing in particular financial markets.

And monetary economies have become increasingly dependent upon
the existence of this machinery, with values and volumes passing through
core infrastructures rising rapidly over time. Central banks have, therefore,
taken an active interest, typically via the assumption of an oversight role,
in ensuring that the infrastructure more broadly is operaticnally effective,
efficient and resilient, and that undue risks are not impcsed upon system
members and the financial system more generally.

That is, they have sought to ensure that the dezign and operation of the
infrastructure itself does not pose a risk to finarial, or systemic, stability.
Systemic risk, in this context, may be definicci as ‘the risk that the failure of
one participant in a transfer system, ¢r n financial markets generally,
to meet its required obligations will"ceuse other participants or financial
institutions to be unable to meet'their obligations (including settlement
obligations in a transfer systenmi)vwhen due.’*

2 Sources of systemic risk in payments and settlement

But what exactiy could go wrong? This is considered in Part II of this
volume. In payment systems, the key source of systemic risk is settlement
risk: that is, the risk that settlement will ‘not take place as expected’ (CPSS,
2003c). Settlement risk has its roots in four broad categories of risk: credit
risk; liquidity risk; operational risk; and business risk. These may be de-
fined, as follows:

e Credit risk: the risk that a participant in the system defaults on
its obligations within the payment system, imposing direct unantici-
pated losses on other members;

4 CPSS (20030¢).
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e Liquidity risk: the risk that a participant/participants hold(s) insufficient
liquidity in the settlement asset, disrupting the flow of liquidity in the
system and leading to delay in or failure of its and other participants’
settlements;

e Operational risk: the risk of losses arising from technical failure or
other forced interruption to the operations of a payment system (or its
core components), or those of its participants;

e Business risk: the risk of losses arising from either suspension (or termin-
ation) of a payment system’s (or its core components’) provision
of services due to financial pressures.

Notice that some of these risks affect participants and others the system
itself. Credit and liquidity risks, for instance, are a characteristic of the
interconnections and strategic interactions between the banks involved
and would exist whether or not they were members of- @ payment system.
Where there is a system, however, it can be the chaniiel through which
these contagious effects are manifest. Whether the system transmits these
effects depends on its design. Operational and husiness risk, on the other
hand, can occur both at the level of the paiticipant and at the level of the
system.

2.1 Sources and mitigation of credit risk in payment systems

We first home in on credit i1k, exploring how this risk might manifest
itself and identifying the specific threats it poses to financial stability.

Credit risk in paymen: and settlement systems can be influenced sig-
nificantly by payricnot system design and, in particular, the frequency of
settlement. Histcrically, interbank payments were typically settled on a
net basis. Under this mode of settlement, payment requests received by
the banks are collected together over a period of time and the net amounts
that the banks owe/are owed are calculated. At the end of the period, the
banks settle these net amounts by paying the settlement asset into the
system (if they owe) and receiving the settlement asset from the system (if
they are owed).

But such systems can transmit individual bank failures more widely.
This is because, if payments are credited to customer accounts before
final settlement occurs, credit exposures between banks can build up and
a failure of one participant in the system can lead to the failure of others.
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In an early simulation study,” there was found to be significant scope for
systemic spillover in the US CHIPS system, which, at that time, settled on a
deferred net basis. Subsequent studies, building on this methodology and
applying it to other systems, have identified less scope for spillover.

Nevertheless, over the past two decades, in part driven by public author-
ities, there has been a marked shift towards real-time gross settlement
(RTGS) of (at least) wholesale, interbank payments. Under RTGS, each
payment instruction submitted to the system is settled individually with
finality in real time intraday, eliminating the interbank credit risk that
arises from a delay in settlement. Similar considerations also prompted the
adoption of delivery-versus-payment (DvP) in securities settlement
and, more recently, payment-versus-payment (PvP) in the settlement of
foreign-exchange transactions. The benefit of these risk-mitigating meas-
ures has been evidenced during the market turbulence of late 2007 and
2008, with settlement able to proceed smoothly across raaskets, notwith-
standing the prevalence of counterparty credit concerns.

2.2 Sources and mitigation of liquidity risk in pavment systems

RTGS systems do, however, carry risks o itieir own. In particular, such
systems are ‘liquidity hungry’ relative ta riet systems. That is, participant
banks require more liquidity to settle lieir payments in a timely manner.
With RTGS now widely adopteq, the focus of attention has therefore
turned to liquidity risk.

Since holding liquidity may pe costly, banks participating directly in an
RTGS system have an inceative to delay non-time-critical payments in
the expectation thatincoming receipts will provide the liquidity for
their outgoing pasyments. But if all banks are doing this, there is a risk of
‘gridlock’ in the svstem: the risk that all participants are relying on incom-
ing liquidity, but no-one is in a position (or willing) to make the first
payment. This strategic interaction has been the subject of considerable
academic and policy interest in recent years.

In particular, it is important that appropriate system-design features are
incorporated to manage the liquidity burden on member banks that arises
in RTGS systems and to prevent either disruption to the flow of liquidity
within the system or the diversion of flows to less robust vehicles/systems.
To reduce the likelihood of liquidity shortages, central banks may decide
to provide intraday liquidity on generous terms, for instance by charging a

5 Humphrey (1986).
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low (or zero) interest rate, and by accepting a broad range of securities as
collateral. Indeed, with internationally active banks increasingly partici-
pating in multiple payment systems, there have been strong industry
demands for increased central-bank acceptance of collateral denominated
in foreign currency.

The design of the system might also be adapted to reduce the liquidity
burden of RTGS, while not compromising on credit risk. In this regard,
so-called hybrid systems have emerged in recent years, with in-built func-
tionality to queue certain outgoing payments until offsetting incoming
payments have arrived.

2.3 Operational and business risk in payment systems

While the literature has tended to focus primarily on creait and liquidity
risk, it is clear that other sources of settlement risk — 11awnely, operational
and business risks — might also be important, particularly with concen-
trated provision of infrastructure, where ‘singi=-point-of-failure’ issues
loom large.

The operational capacity of the centra! in:rastructure and/or member
settlement banks to process payments i the normal way could be com-
promised by a number of factors, both internal — e.g. technical failures
sourced within the system itself 01 il1e way in which it is operated — and
external — e.g. problems with a-source external to the system such as
general power failures, terroxis: action or natural disasters.

Appropriate technical-level system design, accompanied by sufficiently
robust operational procedures, should serve to minimize the likelihood of
a failure with a sousce internal to the system itself. Effective contingency
arrangements a:'a workarounds — back-up facilities; contingency sites, etc. -
might then reduce the impact of those incidents that do, nevertheless,
occasionally occur.

But it is not only the ability of the central system to process payments
that is crucial here: the effectiveness of liquidity recycling within the
system also relies on uninterrupted operations at the level of the settle-
ment banks. In the extreme, the inability of a settlement bank to send
payments raises the possibility of a ‘liquidity sink’ developing in an RTGS
system, as available liquidity becomes concentrated in the settle-
ment account of the bank concerned. Intraday, this could cause liquidity
shortages elsewhere in the system, which might in turn lead to significant
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delays to the settlement of payments between the unaffected settlement
banks.

The likelihood that a member-level disruption will undermine the ef-
fectiveness of liquidity recycling in the system as a whole depends cru-
cially on the structure of the payments network and the behavioural
responses of other banks in the system.

Business risk, on the other hand, is the risk that the payment system
provider becomes insolvent. A variety of tools may be applied to address
this risk in payment systems. Of these, perhaps the most obvious is the
application of capital requirements to payment systems. Other remedies
might include ensuring the bankruptcy-remoteness of key assets applied
by the infrastructure provider or ex-ante measures to ensure that system
participants stand ready to contribute financially should business risk
crystallize.

3 Governance and regulation of payment
and settlement systems

Central banks often now assume a role iu: the oversight of payment
and settlement systems, applying intertationally agreed standards to the
systems falling within their scope. Thelvintervention is typically justified by
the argument that market participatits do not fully consider the conse-
quences of their actions on the test of the payment system, and, by exten-
sion, on the rest of the econuiry: that is, by arguing that their actions give
rise to systemic risk externalities. Many central banks continue to exert
influence via ownershkio ot their country’s large-value system, or the oper-
ation of key compeitiei:ts of the infrastructure. In Part I1I, then, we examine
the various role: taken by central banks, exploring also the theoretical
underpinnings of alternative regulatory and governance structures.

3.1 Alternative models for governance and regulation

Payment systems are characterized by increasing returns to scale and
strong network externalities. These imply a tendency towards concentrated
provision of payment and settlement services, which may not only be a
source of systemic risk, but may also have implications for competition,
access, pricing and innovation.
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One potential mitigant here is mutual ownership, which is common
in infrastructure provision. This can go some way towards aligning
the incentives of the central provider with those of system participants,
ensuring also that the system internalizes a high proportion of the
costs associated with the crystallization of risks. However, there may be
co-ordination failures among the mutual owners, as well as potential
spillovers, beyond the immediate group of members, to the wider econ-
omy. There may, then, be a case either for external stakeholder represen-
tation in governance or for public intervention.

Issues around competition, access and innovation may be addressed by
the competition authorities, if the mandate of the central bank does not
extend to ensuring the efficiency of the provision of payment services.
But in practice, at least for systemically important systems, there will
tend to be close co-operation between the authorities, witi: the mitigation
of systemic risk in payment systems almost always f2i'ing to the central
bank in its financial-stability role.

3.2 Central-bank roles in payment systems

A number of roles might be adopted by central banks to influence risks
to financial stability posed by paynient and settlement systems. Three
principal vehicles are identified in tize literature:®

e Public ownership: an ownersaip stake in the entity governing the
payment system;

e Operation of the iajrastructure: active engagement in the design,
implementation.and operation of all, or a subset, of the software, hard-
ware, communication networks, data centres and contingency sites
underpinning the system;

e Oversight of the system: day-to-day monitoring of system performance to
ensure compliance with a set of minimum standards and design prin-
ciples.

Ownership and oversight, if supported by adequate (perhaps legal) powers
of enforcement, can be substitutes. Indeed, a pure oversight model
can overcome potential issues around governance failure and user disen-
gagement, which are often associated with public ownership.

¢ Millard and Saporta (2007)
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In practice, a variety of models of intervention are applied around the
world, reflecting different legacy positions, different political economy
environments, and different banking and financial structures. Models of
oversight have, however, converged, with an increasing number of central
banks assessing their systems against the standards laid out in the Core
Principles for Systemically Important Payment Systems established by the
Committee for Payment and Settlement Systems (CPSS) at the Bank for
International Settlements (CPSS, 2001a). In partnership with the Inter-
national Organisation of Securities Commissions (IOSCO), the CPSS has
also established Recommendations for Securities Settlement Systems (CPSS,
2001b) and Recommendations for Central Counterparties (CPSS, 2004).

4 Future policy challenges for central banks

This convergence in standards for oversight in part reilecis the evolution
of the infrastructure landscape and, in particular, increasing international
interdependencies. In Part IV, the final part of this voiume, we survey this
landscape to identify some of the important eicrging themes early in the
twenty-first century and examine the regciatory and policy challenges
these may pose for central banks.

The payments and settlement lanaceape is changing in response to the
emergence of cheaper technologies, financial innovation, globalization
and regulatory change. Developiaents here pose a number of challenges
for central banks and regulaters, including setting the appropriate scope
for oversight. An impertaiit policy question is how to respond to the
increasing provision of infrastructure services by commercial banks, par-
ticularly where market participants seek multicurrency services. Lessons
learned from the financial system stresses of 2007 and 2008 are likely to
condition any regulatory and policy responses in this area.

4.1 Banks operating as infrastructure providers

Participation in a payment or settlement system may be direct or indirect.
Direct participants hold accounts with the settlement agent. Indirect
participants, on the other hand, settle across accounts held with direct
participants (referred to as settlement banks). Payment systems in which
some banks participate indirectly are referred to as ‘tiered’ systems.

11
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Tiered structures can be liquidity efficient: settlement banks can inter-
nalize some of their customers’ payments and can also recycle liquidity
efficiently by using liquid funds received for one customer bank to settle
payments for another. However, tiered structures may at the same
time introduce new sources of risk. For instance, indirect participation
introduces credit exposures between settlement banks and their customer
banks. In addition, a customer bank depends on its settlement bank’s
ability to raise sufficient liquidity to effect payments on its behalf in
real time. Business and operational risk may also be amplified, as the
customer’s ability to effect payments not only depends on its own
operational availability and solvency, but also on that of its settlement
bank.

Important questions therefore arise as to how firms providing infra-
structure-like services should be regulated. A firm providing settlement-
banking services — particularly one that internalizes a-significant portion
of payments - is, in essence, operating a payment systeri. Similarly, a custo-
dian bank internalizing securities transactions is, to a'l intents and purposes,
operating a securities settlement system. So,-irvespect of such segments of
their business, should firms offering these scivices be subject to similar
regulatory standards and oversight as tioditional payment or settlement
systems? More generally, how can tle increased systemic importance of
these firms be reflected in supervisc: 7standards for banking firms?

4.2 Globalization, innovativa and the changing
infrastructure lardscape

One driver of an iiicreasing role for firms offering infrastructure-like ser-
vices is increasea.aemand for multicurrency settlement services, which
might be moi= readily met by commercial bank providers. To this end,
globalization may entail a greater role for firms operating as infrastructure
providers. Indeed, the globalization of banking is shaping the evolution of
the infrastructural landscape in many ways. This volume, therefore,
spends some time considering the various policy issues that arise in this
sphere.

The global integration of capital markets has spawned a small number of
large internationally active financial groups, operating in many different
markets and currencies. Facing a complex web of intraday and end-of-
day cross-currency liquidity needs, an increasing number of these finan-
cial groups have responded by centralizing their liquidity-management

12
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function. That is, a central Group Treasury takes responsibility for man-
agement of subsidiaries’ liquidity needs, and co-ordinates the movement
of liquidity, and collateral, across parts of the group.

Centralized liquidity management requires arrangements that facilitate
the cross-border transfer of securities and recycling of cross-currency li-
quidity surpluses. There have, therefore, been active calls to central banks
to accept a wider range of foreign-currency collateral and to work with
private providers to enhance infrastructural arrangements for mobilizing
such collateral.

More generally, internationally active banks seek infrastructure providers
with international reach. Hence, clearing and settlement systems are estab-
lishing cross-border links, and cross-border mergers are becoming more
common. Such developments give rise to complex interdependencies
between systems and, as infrastructures come ever closer together, these
interdependencies might be expected to become stronger

Financial innovation is another significant source ci change in the
infrastructure landscape. For instance, OTC derivative; ‘markets have trad-
itionally been cleared and settled bilaterally;, typically with significant
manual intervention. But as these markets have grown, and back-office
capacity has been stretched, new automaic. infrastructure services have
emerged. And, aided by technology, suct services are unbundling trad-
itional clearing and settlement funciions, introducing competition at
narrower niche points in the post:trade value chain. The financial market
strains of late 2007 and 2008 hav= strengthened calls for further automa-
tion and centralization of fL.ie post-trade infrastructure in this space.

Finally, public interverticn — either ad hoc, or more sustained regulation
or oversight — has historically had implications for the evolution of the
financial infrastrucone. At the time of writing, the Code of Conduct in
the EU has sought to promote competition in clearing and settlement
by calling for interoperability and open access between clearing and
settlement providers.

And other public-sector initiatives have the potential to alter the shape
of the landscape markedly. For instance, the launch of the Continuous
Linked Settlement (CLS) system for foreign exchange in 2002 has had
implications for the broader infrastructure landscape, both in terms
of its creation of new interdependencies and its influence on agents’
behaviour.

13



Introduction

4.3 Where are we headed and why does it matter?

It remains to be seen how the infrastructure landscape will evolve. What-
ever the end-game, the changes triggered by globalization, financial in-
novation and public intervention pose a number of serious questions for
central banks and other public authorities:

- What are the implications for system resilience?

- What is the appropriate scope for central bank oversight? And would the
conduct or organization of oversight need to change in any way?

- What might be the implications for central banks’ operational roles?
And might there be implications for the future of central-bank money
settlement?
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