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The role of time-critical liquidity in financial markets

David Marshall and Robert Steigerwald

Introduction and summary

Modern financial markets are critically dependent on 
large-scale flows of intraday (within one day) liquidity 
in payment, clearing, and settlement systems. As noted 
by the Payments Risk Committee, “On a routine day, 
over $14 trillion worth of payments to and from indi-
viduals, institutions, corporations, governments and 
other enterprises are settled in U.S. dollars worldwide. 
To complete these transactions, more than $9 trillion 
flows throughout the financial system.”1 

Table 1 provides a more detailed breakdown of 
these payment flows. As can be seen, the largest fund-
ing flows by dollar value are associated with large-value 
funds transfer systems and government security clearing, 
but there are also large flows associated with central 
securities depositories and retail payments systems. 
Flows associated with foreign exchange (FX) settle-
ments and central counterparty clearinghouses (CCPs) 
are somewhat smaller in magnitude, but these flows 
are critical to financial stability—a fact recognized by 
the Financial Stability Oversight Council in July 2012, 
when it designated the main FX settlement engine 
(CLS Bank), the two major securities CCPs (Fixed 
Income Clearing Corporation [FICC] and National 
Securities Clearing Corporation [NSCC]), and the 
three largest derivatives CCPs (CME Group, Options 
Clearing Corporation [OCC], and ICE Clear Credit) 
as systemically important financial market utilities.

This article discusses an important feature of this 
intraday liquidity usage in payment, clearing, and set-
tlement systems. Specifically, we examine how the 
processes for settling financial contracts, and related 
settlement-risk-management operations, increasingly 
make use of time-critical liquidity to address the problem 
of counterparty credit risk. Under conditions of time-
critical liquidity, a settlement payment, delivery of 
securities, or transfer of collateral must be made at a 
particular location, in a particular currency (or securities 

issue), and in a precise time frame measured not in days, 
but in hours or even minutes.2 Examples of time-critical 
liquidity requirements (which we discuss below) in-
clude the settlement process at the Depository Trust 
Company (DTC), the funding time frame for CLS Bank, 
and the tight restrictions on the timing of required 
variation settlements in derivatives clearinghouses.

We use the term “time critical” to denote more 
than merely the existence of a temporal framework 
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   TABLE 1

Gross daily activity value versus amount needed for settlement
 

 Estimated gross
 value of payment Funding Funding
Sector transactions transactionsa flowsb

 ( - - - - - - - - - - - - - - - - - - - - - - - - - - $billions - - - - - - - - - - - - - - - - - - - - - - - ) 
 
Large value transfer systems 3,953.0 2,426.1 2,378.2c

Foreign exchange settlements 2,067.9 11.6 23.5
Central counterparties (CCPs)d  5.8 7.4 12.5
Central securities depositories (CSDs)d 1,101.7 55.8e 129.5
Government securities clearingf 7,646.0 6,408.4 6,408.4
Retail systems 159.8 159.8 159.8
Total for participating firms 14,934.2 9,069.1 9,111.8

aFunding may occur through a Fedwire transaction or on the books of a commercial bank.
bIncludes funding and defunding flows.
cExcludes known double counts of funding transactions for other financial market utility sectors.
dInformation on gross value of payments settled was not collected for some CCPs and some CSDs.
eOne CSD provided net values of flows. 
fIncludes settlements on the books of the clearing banks, including tri-party repo and internal Fixed Income Clearing Corporation settlements.
Source: Federal Reserve Bank of New York, Payments Risk Committee (2012, p. 17).

for payment obligations. All contracts calling for future 
performance, and all payment obligations arising from 
such contracts, specify some temporal framework within 
which performance of the payment obligation is due. 
For the purposes of this article, however, a time-critical 
payment has a number of specific characteristics. First, 
the payment must be made by a specific point in time, 
rather than merely by a certain date. Second, failure to 
make a time-critical payment within the predetermined 
time-certain deadline typically carries immediate con-
sequences for the defaulting party. For example, a CCP 
member who fails to make a required variation margin 
payment by the time-certain deadline is subject to being 
declared in default to the CCP, with immediate suspen-
sion of membership privileges and consequent liquida-
tion of the member’s positions. This treatment of default 
is markedly different from non-time-critical obligations, 
such as routine accounts payable, where failure to dis-
charge a payment obligation when due merely puts the 
defaulting party in breach of contract.3

Third, time-critical payments have a systemic  
aspect not present for most other payment obligations. 
In particular, what makes a settlement time critical is 
that all the participants in a payment, clearing, or settle-
ment system agree to meet their obligations according 
to protocols (including cutoff times) that are calculated 
to mitigate settlement risk and result in final intraday 
settlement. For this reason, the deadlines governing 
time-critical payments typically are “hard,” with little 
room for flexibility and with no possibility of renego-
tiating the settlement obligation. In one way or another—
ways that differ depending upon the nature of the system 

involved—the participants are interdependent. Time-
critical liquidity obligations reflect this interdependence 
among system participants who must meet strict risk- 
management protocols in order to benefit from the re-
duction of settlement risk and the certainty associated 
with final, intraday payment or settlement. This systemic 
interdependence is unlike anything that exists in simple 
bilateral contracts calling for future performance.

Dependence on time-critical liquidity has developed 
in response to the adoption over the past 30 years of 
innovative risk-management practices designed to 
manage settlement risk—the risk that one or more parties 
to a financial transaction may fail to satisfy the terms 
of the transaction in a timely fashion. Noteworthy in-
novations to address settlement risk include:
n The proliferation of real-time gross settlement 

(RTGS) (such as Fedwire,® which is operated  
by the Federal Reserve Banks), or equivalent  
payment mechanisms, to achieve intraday finality 
of settlement;

n The implementation of delivery-versus-payment 
(DvP) systems for securities and analogous pay-
ment-versus-payment (PvP) systems for foreign  
exchange to mitigate settlement risks in those 
markets; and

n The increasing use of collateral to mitigate coun-
terparty credit risk in its various forms, both in 
payment systems and financial market clearing  
arrangements, such as CCP mechanisms.

These institutional and risk-management innova-
tions have become standard practice throughout the 
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world. By establishing a framework within which finan-
cial market participants can more closely manage set-
tlement and related risks arising from trading in financial 
markets, these practices have made an important con-
tribution to financial stability.

However, the dependence of these institutional and 
risk-management practices on time-critical liquidity 
also increases the risk and cost of illiquidity in finan-
cial markets. Financial market participants must be able 
to make payments, deliver securities, or arrange for the 
transfer of collateral with a high degree of precision if 
they are to meet the settlement requirements of the 
systems in which they participate. Moreover, a failure 
of timely liquidity provision in one system can hold up 
settlement completion in other systems. Hence, the grow-
ing dependence on time-critical liquidity has important 
implications for the stability of the financial system.

Financial market participants are well aware of the 
increasing importance of time-critical liquidity. For 
example, the Payments Risk Committee highlights 
the growing importance of time-critical, large-value 
payments and concludes that
 payment liquidity (also known as intraday  

liquidity) is critical ... because it is at the core  
of a bank’s capacity to make payments. The  
recent transformation of the global financial  
environment has created a heightened reliance 
upon such liquidity, which in a financial, opera-
tional or political crisis, is the first to be affected 
in the financial markets.4

In this article, we analyze the benefits and draw-
backs of this increased reliance on time-critical liquidity 
to manage settlement risk. As we explain in the next 
section, settlement risk comprises both credit risk and 
liquidity risk. Time-critical liquidity is designed to miti-
gate credit risk, but in doing so it might inadvertently 
exacerbate liquidity risk. Thus, the notable success of 
modern payments, clearing, and settlement arrange-
ments at reducing the credit component of settlement 
risk can have the unintended consequence of increas-
ing the vulnerability of such arrangements to systemic 
liquidity disruptions.

The potential trade-offs between credit risk and 
liquidity risk in the settlement process have important 
consequences for public policy. They raise the question 
of whether certain arrangements to mitigate credit risk 
work, in part, by transforming one type of risk (credit 
risk) into another (liquidity risk). They focus renewed 
attention on developing processes that reduce liquidity 
risk without exacerbating credit risk. Examples of such 
processes could include further exploitation of netting 
opportunities (e.g., through portfolio margining) or  

liquidity-saving mechanisms in payment systems (such 
as so-called hybrid RTGS systems). They motivate an 
inquiry into potential adverse consequences should  
liquidity shortages in a future financial crisis interact 
adversely with time-critical liquidity constraints. And 
they lead to an inquiry into the appropriate role of 
central bank liquidity provision in times of unusual 
liquidity stress.

In the remainder of this article, we explore these 
questions in detail. In the next section, we characterize 
more fully the problem of settlement risk. Then we pro-
vide an overview of the procedures that are typically 
used to manage the credit component of settlement risk 
and the implications of those practices for the manage-
ment of liquidity. We apply these insights to the manage-
ment of settlement risk in payments systems, securities 
and foreign exchange markets, and central clearing 
arrangements, respectively. Finally, we discuss some 
related public policy issues.

The problem of settlement risk

Settlement is the process whereby all elements of 
a trade are completed as expected. Cash-settled finan-
cial contracts, such as certain derivatives transactions, 
typically are settled by means of funds transfers, usually 
through the interbank payment system. Transactions 
involving delivery of a financial asset typically are 
settled through a two-part process involving both a 
funds transfer and a transfer of the asset itself, a process 
that may involve other systems and institutions, such 
as securities depositories, CCPs, and other clearing 
and settlement arrangements.

A fundamental risk of such financial contracts is 
that settlement—either by means of a funds transfer 
or the transfer of a financial asset—may not occur. In 
most theoretical models, such as the standard Arrow–
Debreu framework used by many economists, there is 
no need to distinguish between trade execution and 
trade settlement, since these models typically assume 
full commitment. In reality, however, it has long been 
recognized that agreeing to a trade (the execution phase) 
does not ensure that settlement will occur.5 Hence, 
there is a need to adopt risk-management practices to 
mitigate this settlement risk.

Settlement risk comprises both credit risk and li-
quidity risk.6 According to the Bank for International 
Settlements’ Committee on Payment and Settlement 
Systems (CPSS), credit risk is “the risk that a counter-
party will not settle an obligation for full value, either 
when due or at any time thereafter” (CPSS, 2003b,  
p. 17); and liquidity risk is “the risk that a counterparty 
(or participant in a settlement system) will not settle 
an obligation for full value when due. Liquidity risk 
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does not imply that a counterparty or participant is  
insolvent since it may be able to settle the required 
debit obligations at some unspecified time thereafter” 
(CPSS, 2003b, p. 29).

An alternative characterization of credit risk versus 
liquidity risk describes counterparty credit risk as the 
risk that a party involved in a transaction might not have 
assets of sufficient value to meet their obligations (or 
may be unwilling to make this value available). In con-
trast, liquidity risk is the risk that the party cannot access 
assets of the particular form required to settle the trans-
action at the time settlement is due. In most cases, the 
form needed is cash of a particular denomination. How-
ever, there are cases in which a particular security must 
be delivered to settle the transaction. In such a case, 
the notion of liquidity risk can be extended to include 
the risk that the needed security cannot be obtained.

Managing credit risk associated with financial 
settlements

In this article, we argue that dependence on time-
critical liquidity follows logically from the basic needs 
of risk management. It is a fundamental principle of 
modern risk management that risks should be identified, 
quantified, and controlled or mitigated.7 Such methods 
are critical if counterparties are to take on only those 
risks they choose to take on and appropriately manage 
those risks. Of course, such quantification and mitiga-
tion can never be perfect, since risk management is not 
an exact science. But the conditions of identifiability, 
quantifiability, and controllability of risk should be 
met within reasonable tolerances.

While this principle is intuitive, it is often violated 
in simple counterparty exposures. Consider, for example, 
a simple loan to a counterparty whose solvency is not 
well known to the creditor and where collateral or other 
measures to mitigate credit risk are not implemented. 
The creditor is exposed not only to the direct risk of 
the counterparty, but also to the indirect risk of defaults 
by second-order counterparties (the counterparty’s 
counterparties), third-order counterparties, and so forth. 
The distribution of these higher-order risks, taken to-
gether, may be irredeemably opaque. There may be 
no meaningful way in which such risks can be identi-
fied, much less quantified.

If-and-only-if conditionality
The solution to this problem of risk management 

for financial transactions is to develop robust risk-
management protocols that do not rely on precise 
identification of these higher-order risks. In practice, 
this is done by structuring transactions with some form 
of if-and-only-if conditionality.8 Specifically, once a 
transaction is initiated, there is a sequence of steps 

leading to its completion via final settlement. If-and-
only-if conditionality arises because certain of these 
steps will be executed if and only if certain conditions 
are met. These conditions are designed to ensure that 
any additional counterparty credit risks associated with 
that step can be identified, quantified, and mitigated 
to the extent consistent with the system design. In par-
ticular, these conditions would typically move exposures 
from more opaque risks (difficult to quantify) toward 
more transparent risks that are easier to quantify and 
at least partially mitigate.

The specific conditions incorporated into this  
if-and-only-if conditionality can be one of two types 
(Garner, 1995, p. 197):
n Condition precedent—a required payment or  

asset transfer is required before or at the same 
time that some related performance by a counter-
party is expected. An example is the requirement 
in many RTGS payments systems that funding be 
available at the time a payment is to be transferred.

n Condition subsequent—a required payment or  
asset transfer is required to maintain an existing 
position. An example is the daily variation margin 
that must be paid to maintain an open derivatives 
position that is centrally cleared through a CCP.

Later in the article, we give specific examples of 
if-and-only-if conditions that are used in payments 
systems, DvP and PvP settlement systems, and CCPs.

Finality
A payment or security transfer is said to be final 

if the sender cannot unilaterally retrieve or revoke the 
transfer without additional legal processes. The concept 
of finality is critical for settlement risk management: 
If a payment associated with a given transaction is 
settled without finality, the payment can be unilaterally 
reversed, and the possibility of such a reversal is itself 
another form of settlement risk. Therefore, the types of 
if-and-only-if conditionality implemented to mitigate 
settlement risk generally require transfers to be made 
with finality.

Finality is a composite concept involving both legal 
rules—a payment or asset transfer cannot unilaterally 
be reversed by the sender (subject to special rules where 
fraud, mistake, or duress is involved); and economic 
consequences—a “final” payment or asset transfer may 
be relied upon by the recipient to support other trans-
actions (for example, funds received may be paid out in 
settlement of the recipient’s other payment obligations).

As we will discuss later, payment systems that 
guarantee finality (preferably intraday finality) are 
fundamental to more-complex forms of risk manage-
ment (for example, securities settlement).
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Implications for time-critical liquidity
There is an intimate connection between if-and-

only-if conditionality for mitigating settlement risk, 
finality, and the use of time-critical liquidity. This 
connection arises because the risk-management con-
ditions typically require delivery of liquid assets. There 
are examples of conditionalities that require the coun-
terparty merely to promise performance by some future 
date. An example would be a Fedwire payment by a 
bank eligible for daylight overdraft credit. However, 
possession of a low-risk, highly liquid asset provides 
a higher degree of risk mitigation than any such promise, 
even by a highly creditworthy agent. As a result, we 
should not be surprised that the gold standard for risk 
management is to require counterparties to actually 
deliver funds and/or securities before the given trans-
action settles with finality.

Furthermore, risk-management practices in pay-
ments, clearing, and settlement systems that incorpo-
rate if-and-only-if conditionality generally require that 
this delivery of liquid assets be made on a time-critical 
basis. The reason is that finality has a temporal com-
ponent: It is determined as of a particular time. It would 
be inherently contradictory to “guarantee finality” with-
out specifying the date and time by which the finality 
becomes effective. Timing is critical because deferral 
of finality to the future expands the temporal window 
within which credit risk remains a problem.

The term “liquidity” is often reserved for cash and 
near-cash instruments. For our purposes, however, it 
is useful to expand our notion of liquidity to include, 
in addition, access to specific securities that may be 
needed to complete a transaction. Such securities may 
be needed to collateralize a position, or may be required 
to complete the delivery leg in a DvP settlement.

Risk management under if-and-only-if condition-
ality thus implies the need to closely manage time-
critical liquidity, both in terms of available funding 
and access to particular securities. This scrutiny is 
particularly important where funding is dependent 
upon credit arrangements (as in most intermediated 
payment arrangements) or when access to particular 
securities is dependent upon market dynamics (for 
example, the willingness of a seller to sell the needed 
security at the time it is needed). In a crisis, credit 
provision can contract and markets can hoard the sorts 
of securities needed to satisfy if-and-only-if conditions. 
For example, during the fall 2008 financial crisis, there 
were reports of shortages of Treasury securities that 
were the most commonly used forms of collateral. This 
insight has broad ramifications, because if-and-only-
if conditionality only addresses credit risk. Liquidity 
risk (and the corresponding need to manage liquidity) 

remains an inherent feature of settlement in payments, 
clearing, and settlement systems.

Interconnectedness
The dependence of financial markets on time-

critical liquidity goes beyond the individual risk- 
mitigation processes described here. In practice, these 
processes are combined to allow for highly sophisticated 
risk-management strategies. For example, one can start 
with an RTGS payment system as the foundation for 
immediate, intraday finality of payment. An RTGS 
system can be combined with central securities deposi-
tory (CSD) functionality to make possible DvP securities 
settlement. That is, the ability to make final intraday 
transfers of both funds and securities is a necessary 
condition to the establishment of effective DvP arrange-
ments. Similarly, a domestic RTGS system combined 
with a foreign RTGS system makes possible PvP in 
foreign exchange settlements.

The upshot of these interdependencies is that the 
failure to meet time-critical liquidity constraints with-
in one system can propagate rapidly to other systems. 
Thus, the dependence of multiple interconnected sys-
tems on time-critical liquidity can increase the fragility 
of the system as a whole.

Settlement risk in payments systems

Our discussion thus far of settlement risk man-
agement and the role of time-critical liquidity has 
been rather abstract. Next, we provide an extended 
example of how the logic works in the context of 
payments systems.

Failure of Bankhaus Herstatt
The risk considerations associated with financial 

settlements were dramatically illustrated by the market 
disruption that followed the failure of a German bank, 
Bankhaus Herstatt, in June 1974. Specifically, the 
Herstatt incident illustrates how structures that allow 
participants broad latitude with respect to the timing 
of liquidity provision can actually exacerbate credit risk.

The facts are as follows. Bankhaus I. D. Herstatt 
KGaA, a small commercial bank based in Cologne, was 
closed by the German banking supervisory authorities 
at about 3:30 p.m. central European time on Wednesday, 
June 26, 1974,9 after the interbank system for making 
deutsche mark payments had closed and Herstatt had 
received irrevocable payments in deutsche marks and 
other currencies for settlement of foreign exchange 
trades. Herstatt’s correspondent bank in New York, 
Chase Manhattan, responded to the news by withholding 
$620 million in dollar payments that were to be made 
on behalf of Herstatt. At the time, most interbank pay-
ments were made through the Clearing House Interbank 
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Payment System (CHIPS), which was operated as a 
deferred net settlement payment system. As such,  
interbank payments made through CHIPS were only 
provisional, not final, at the time instructions were 
processed.10 Banks exploited this lack of finality in 
CHIPS by reversing their U.S. dollar payments through 
CHIPS. The result of these actions was gridlock in the 
U.S. dollar payment system, triggering systemic “dis-
locations in the international interbank sector of the 
Eurocurrency market” (Herring and Litan, 1995, p. 96).

The Herstatt incident demonstrated that any system 
attempting to control the credit component of settlement 
risk requires intraday finality of settlement (IFS). IFS 
guarantees that no party can unilaterally unwind a given 
transaction. Without IFS or some similar finality guar-
antee, the risk is always present that such an unwind-
ing could lead to an unexpected failure of settlement. 
In the aftermath of the Herstatt incident, central banks 
recognized that IFS could not be achieved with the 
deferred net settlement payment systems that existed 
at that time. Given the available technology, the only 
practical method for achieving IFS was to implement 
an RTGS system. In a gross settlement system, trans-
fers are settled individually without netting debits 
against credits. In a real-time settlement system, final 
settlement occurs continuously rather than periodically 
at prespecified times, provided that a sending bank has 
sufficient covering balances or credit.11 As a result,  
final settlement in an RTGS system is both immediate 
and continuous.

If-and-only-if conditionality in RTGS payment systems
Simply adopting an RTGS system does not com-

pletely fix the problem of providing IFS. While an RTGS 
system does ensure finality, many such systems do so 
by having the RTGS system take on credit risk. This 
credit risk must then be controlled by implementing 
risk-management practices incorporating if-and-only-
if conditionality.

Let us consider how this is done. A payment is 
settled with finality in a simple RTGS system if and 
only if sufficient funds are in the payer’s account or 
sufficient overdraft credit is available. Without such 
conditions, the payment system might guarantee finality 
to a payment that the payer cannot cover, exposing 
the system to a degree of payer credit risk that may 
be extremely difficult to quantify. (That is, it may be 
difficult to assign a probability to the event that the 
payer cannot discharge its obligations.) Under the RTGS 
conditions, this risk can be at least partially controlled 
by specifying overdraft credit limits. This if-and-on-
ly-if conditionality for an RTGS system could be ex-
pressed as follows:

Conditionality 1: Payment will be made (funds 
will be transferred) with finality if and only if the sender 
has adequate funds on account or immediately avail-
able credit in the amount needed to complete the pay-
ment transfer.

Conditionality 1 implies a dependence on time-
critical liquidity, because any payments beyond those 
financed by immediately available credit will only be 
completed if the requisite liquidity is on deposit on  
or before the time of the transaction. Note that condi-
tionality 1 would not generally result in complete 
elimination of risk, or even in perfect quantification 
of risk. Nevertheless, the conditionality that we see so 
frequently in payment and settlement systems goes a 
long way to reducing the uncertainty associated with 
these risks. For example, the risk associated with un-
collateralized daylight overdraft credit in the Fedwire 
RTGS system is mitigated by the supervisory process, 
since typically such credit is only provided to regu-
lated institutions known to be creditworthy within the 
tolerances of the overdraft credit limits.

There are other ways of implementing RTGS. Some 
payment systems that allow for intraday extensions of 
credit require all such credit to be fully collateralized. 
The if-and-only-if conditionality for real-time gross 
settlement payments incorporating collateralized 
credit would modify conditionality 1 as follows:

Conditionality 2: Payment will be made (funds will 
be transferred) with finality if and only if conditionality 1 
is satisfied and the amount of collateral necessary to 
fully collateralize the required credit has been posted 
at the time the payment is to be made.

This arrangement contributes to a time-critical  
liquidity environment because the payment will not 
be made if the collateral requirement has not been 
satisfied. As mentioned earlier, we regard securities 
used as collateral as a form of liquidity, so a require-
ment that collateral be positioned in a particular loca-
tion before a payment is executed represents a time- 
critical liquidity constraint. This is an example of a 
condition precedent, as discussed previously.

The introduction of collateral presents additional 
systemic considerations. Collateral is generally thought 
of as a means of mitigating credit risk. But the need to 
move collateral dynamically, according to precise rules, 
makes collateral a liquidity phenomenon as well. In 
particular, the types of securities that are generally eligible 
for use as collateral are traded in markets like other 
securities, and because trading in those securities may 
be liquid or illiquid depending upon the circumstances, 
the collateralization of financial transactions introduces 
another dimension of liquidity management into the 
system. (Box 1 provides a further discussion of how 
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time-critical liquidity is used in Fedwire and other 
RTGS payments systems.)

Settlement risk in securities and foreign  
exchange markets

The introduction of RTGS systems and improved 
net settlement arrangements made it possible to make 
large-value payments with greater assurance of intra-
day finality, but it did not by itself eliminate Herstatt 
risk—the principal risk that arises from unsynchro-
nized transfers of financial assets.12 As Hills and Rule 
(1999, p. 101) observe: “Where financial transactions 
involve an exchange of financial assets, any party to 
the transaction can be exposed to principal risk if the 
two legs do not settle at the same time.” To eliminate 
that risk, some means must exist to synchronize the 
settlements—a process that has become known as 
DvP (which stands for delivery versus payment) for 
securities settlements and PvP (which stands for pay-
ment versus payment) for foreign currency settlements.

In the United States, securities settlement typi-
cally occurs one or more days after trade execution. 
For example, equities settle on the third day after the 
trade date. On the date when settlement is scheduled 
to occur, the seller or its agent must deliver a security 
to the buyer, and the buyer must deliver payment to 

the seller. If these two operations are not closely co-
ordinated, one or both parties will incur settlement 
risk. For example, if the seller delivers the security 
before receiving funds from the buyer, the seller could 
lose the full principal value of the transaction if the 
buyer were to default after delivery of the security 
was completed.

To mitigate that risk, central securities depositories 
(CSDs) typically settle securities using delivery versus 
payment or DvP. While the details of this process can 
be somewhat intricate, the key point is that delivery 
of securities to the purchaser and payment of funds to 
the seller occur if and only if the CSD is satisfied that 
each party has met its obligations. Once the CSD is 
satisfied that payment has been received and that the 
securities are available for transfer, title to the securities 
passes to the buyer on the books of the CSD13 and 
cash is released to the seller.

The if-and-only-if conditionality characterizing  
a DvP system can be expressed as follows:

Conditionality 3: A securities transfer will take 
place if and only if the buyer has immediately avail-
able funds to pay for the delivery of securities and the  
seller has immediately available securities to be de-
livered to the buyer, and both the funds transfer and 
delivery of securities can take place with finality.

BOX 1

Time-critical liquidity in Fedwire and other RTGS payments systems 

The Fedwire Funds Service, which is owned and  
operated by the Federal Reserve System, is a classic 
RTGS system, generally used to make large-value, 
time-critical, U.S. dollar payments in central bank 
money.1 Fedwire payment instructions are processed 
immediately upon receipt if and only if the account 
holder issuing the instructions has “sufficient funds, 
either in the form of account balances held at the  
Federal Reserve or overdraft capacity” (CPSS, 2003a, 
p. 443). Unless that condition is satisfied, the payment 
instruction will be rejected. In accordance with appli-
cable law, a Fedwire payment “is final and irrevocable 
when the amount of the payment ... is credited to the 
receiving participant’s account or when notice is sent 
to the receiving participant, whichever is earlier” (Board 
of Governors of the Federal Reserve System, 2009,  
p. 7). The Federal Reserve also provides intraday credit, 
in the form of “daylight overdrafts,” to most Fedwire 
participants. The extension of central bank credit facil-
itates the smooth and efficient operation of the funds 
transfer service, but also “converts the liquidity risk 
otherwise borne by participating institutions to credit 
risk borne by the Reserve Banks” (Board of Governors 

of the Federal Reserve System, 2009, pp. 15–16). 
Any daylight overdrafts must be repaid by the end 
of the Fedwire operating day, in accordance with 
the Federal Reserve’s payment system risk policy.

The RTGS design has been adopted in many 
other jurisdictions. A recent World Bank survey 
documented that 112 systems also employ the indi-
vidual, payment-by-payment processing logic of 
the Fedwire system (World Bank, Payment Systems 
Development Group, 2008). According to the CPSS 
(2005), this prevalence of RTGS payment structures 
is due in part to an increasing demand for time-
critical payments linked to foreign exchange settle-
ment systems, securities settlement systems, and 
other financial market utilities. As the CPSS (2005, 
p. 2) states, “More linkages imply short time frames 
to make time-critical payments from one system to 
another, hence the need to achieve finality within 
that time frame.”
1For more details, see www.federalreserve.gov/paymentsystems/
fedfunds_about.htm; also, Board of Governors of the Federal 
Reserve System (2009).



37Federal Reserve Bank of Chicago

Conditionality 3 implies a dependence on time-
critical liquidity because the buyer must have the  
full amount of liquid funds available within the time 
frame mandated by the DvP settlement schedule. 
Similarly, the seller must make the securities available 
within the relevant time frame. If such funds are not 
made available by the relevant deadline, the buyer  
is in default and the transaction will not go through. 
(Box 2 provides more details about the use of time-
critical liquidity in DvP securities settlement systems.)

Foreign currency settlements use a payment ver-
sus payment, or PvP, process. Like DvP, the PvP pro-
cess requires both legs of a transaction to be settled 
either simultaneously or with equivalent assurances 
that one leg will be settled if and only if the other leg 
is settled with finality. The conditionality for such a 
PvP arrangement can be expressed as follows:

Conditionality 4: Payment in one currency will 
take place if-and-only-if immediate payment in the 
other currency (or possibly currencies) can take 
place with finality.

The key institution implementing PvP in foreign 
exchange markets is CLS Bank, a special-purpose  
institution designed to handle the settlement of foreign 
currency transactions. CLS Bank began operations in 
September 2002 and currently provides services for 
17 actively traded currencies (CPSS, 2003a). (Box 3 
discusses how time-critical liquidity is used in CLS 
Bank’s PvP settlement system.) In addition, the large-
value payment system in Hong Kong (known as the 
Clearing House Automated Transfer System, or CHATS) 

has been linked to other payment systems to facilitate 
settlements on a PvP basis between the Hong Kong dollar 
and the U.S. dollar, euro, renminbi, and ringgit (CPSS, 
2003a, and Hong Kong Monetary Authority, 2013).

Since both legs of a DvP or PvP transaction must 
be made with finality, it follows that the associated pay-
ments must also be made with finality. More generally, 
these types of FX or securities settlement systems de-
pend critically on a payments infrastructure that can 
reliably transmit funds subject to tight deadlines, which, 
in practice, means an RTGS system. For example, this 
is why neither DTC nor CLS accepts payments through 
CHIPS, which is not an RTGS system.14

Finally, it should be noted that settlement systems 
incorporating DvP or PvP may allow for a form of set-
tlement failure when the if-and-only-if conditionality 
is not met. To give an example, if the seller of a secu-
rity fails to deliver the security into a DvP settlement 
system, the buyer simply retains funds equal to the 
purchase price of the security. This principal is not at 
risk, since it will be paid if and only if the security is 
available for delivery. The only risk is that the security 
price may have changed before the transaction is even-
tually completed or a substitute transaction is under-
taken to replace the failed transaction.

Settlement risk in CCPs

Central clearing via CCPs is a standard feature  
of exchange-traded securities and derivatives markets 
and is increasingly used to settle and guarantee con-
tracts that are traded over the counter (OTC). For both 

BOX 2

Time-critical liquidity in DvP securities settlement

The most liquidity-intensive implementation of DvP 
is a so-called Model 1 system, in which both securities 
and funds settle on a gross basis, trade by trade, with 
funds transfer and securities transfer occurring simul-
taneously (CPSS, 1992). As noted in Payments Risk 
Committee (2003, pp. 21–22), “Participation in such 
systems requires participants to maintain substantial 
money balances during the business day.” Examples 
of Model 1 DvP systems include the Federal Reserve’s 
system for settling transfers of U.S. government and 
agency securities (the Fedwire Securities Transfer 
System) and the TARGET2-Securities service currently 
under development by the European Central Bank (ECB).

An alternative, less liquidity-intensive implemen-
tation of DvP is the so-called Model 2 system, in which 
securities settle on a gross basis throughout the day, 
but funds are settled on a net basis at the end of the 
processing cycle. An example of a Model 2 system is 
the Depository Trust Company (DTC), which is the 

primary securities settlement system for U.S. corpo-
rate equities and fixed-income securities.

The netting feature of Model 2 systems makes 
them somewhat less reliant on time-critical intraday 
liquidity provision than Model 1 systems. Even so, 
Model 2 systems typically rely on if-and-only-if 
conditionality to appropriately control settlement 
risk. This is clear in the following description of 
the DTC’s settlement system from the International 
Monetary Fund’s financial sector assessment report 
for the United States:

During the day, participants [in DTC] receive 
incoming securities to the extent their payment 
settlement account has sufficient net payment 
credits or sufficient net payment debit capacity 
and subject to DTC’s net debit cap and collat-
eral controls. (International Monetary Fund,  
Financial Sector Assessment Program, 2010,  
pp. 12–13, italics added)



38 2Q/2013, Economic Perspectives

BOX 3

Time-critical liquidity in CLS Bank’s PvP FX settlement system

The PvP system for foreign currency settlement oper-
ated by CLS Bank depends on precise coordination of 
foreign currency settlements to eliminate settlement 
risk. Specifically, each CLS member has an account 
with CLS Bank that is divided into subaccounts, one 
for each currency being traded. Settlement instructions 
must be submitted by 12 midnight central European 
time (CET).1 Settlement starts at 7:00 a.m. CET of 
the settlement date (continuing throughout the settle-
ment period until 9:00 a.m. CET) by debiting the sub-
accounts of currencies being sold and simultaneously 
crediting accounts of currencies being bought.

Settlement occurs when CLS Bank simultaneously 
debits and credits the accounts of two settlement mem-
bers in accordance with eligible instructions that were 
submitted, and is final, irrevocable, and binding upon 
1) the submitting members of such instructions; 2) the 
settlement members through whose accounts such in-
structions are settled; and 3) CLS Bank. However, the 
settlement for a matched pair of instructions may only 
occur if the settlement of such instruction would not 
cause the settlement member’s account to fail any of 
three risk management tests—positive adjusted account 
balance, short position limit (per currency), and aggre-
gate short position limit. To ensure that there are suf-
ficient balances in the settlement member accounts to 
meet these risk tests, members must provide funding in 
the needed currencies. This funding must be provided 
according to a tight time schedule. In this way, CLS 
Bank relies on time-critical liquidity provision. As 
described in CPSS (2003a, p. 462):

Members must submit payments to CLS Bank to 
provide funds in the correct currencies to cover 
projected net debit positions. They can do so by 
making a single payment for the full amount at  
8 am CET or a series of payments in hourly in-
stallments. CLS Bank makes payouts throughout 
the settlement day to members in currencies in 
which they have a net credit position, subject to 
the constraint that the sum of all currency balances 
(positive and negative) in a member’s account, 
converted into US dollars, is not negative. … In 
normal circumstances, settlement members will 
have zero balances in their CLS Bank accounts  
at the end of each day, and CLS Bank will have 
zero balances in its central bank accounts at the 
end of each day.2

As with DvP, policymakers and industry partici-
pants clearly recognize the liquidity implications of 
CLS Bank’s system for PvP settlement of foreign cur-
rency transactions. As the Payments Risk Committee 
(2003, p. 26) has noted: “The key liquidity issue the 
market faces is the requirement to make large timed 
payments, in non-domestic currencies, during a small 
time window and in some cases outside normal do-
mestic banking hours.”

1Instructions can also be submitted for same-day settlement 
between midnight and 6:30 a.m. before the revised pay-in 
schedule is issued.
2Actually, payouts are made only during the settlement and 
funding period from 7:00 a.m. to 12:00 p.m. CET.

securities and derivatives contracts, the CCP mitigates 
credit risk by becoming the legal buyer to every seller 
and the legal seller to every buyer, a process known 
as novation. Thus, the need to manage counterparty 
credit risk associated with bilateral trades is replaced 
by the CCP’s need to manage the creditworthiness of 
its clearing members. Of course, all participants in the 
market now depend on the CCP’s own creditworthiness.

CCPs typically mitigate the credit risk they incur 
under novation by requiring all of their counterparties 
to post initial margin (or performance bond). That is, 
CCP members and their customers can open new po-
sitions only under the condition that the necessary mar-
gin is posted to the CCP within a prespecified time. 
Such arrangements illustrate a type of if-and-only-if 
conditionality that incorporates a condition subsequent 
(as defined earlier). That is, the condition becomes 
binding only after the trade to which it applies has been 
initiated. The CCP retains the power to terminate the 

open position if the trader fails to post the required 
margin or bond at the future time specified.

As a (simplified) example, we can look at the case 
of a trader taking a long position on a futures contract 
traded on an organized exchange. An if-and-only-if 
conditionality relevant to this trade may be expressed 
as follows:

Conditionality 5: The clearinghouse will novate 
the trade (that is, agree to act as the substituted legal 
counterparty to the trade) if and only if the clearing 
member posts initial margin within the time frame 
specified by the CCP’s rules.15

The initial margin requirement induces a need for 
time-critical liquidity, because failure to post margin 
by the time it is due would constitute a default to the 
clearinghouse. Notice how conditionality 5 converts the 
CCP’s exposure to an opaque set of risks (risk that the 
trader might default, or one of the trader’s higher-order 
counterparties might default) into a more transparent 
set of risks associated with the clearing member’s sol-
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vency and ability to post acceptable initial margin. 
Monitoring the clearing members rather than monitoring 
the entire body of traders is advantageous, because 
clearinghouses intensively vet potential members and 
impose financial, credit, and other standards for mem-
bership. In addition, clearing members’ financial re-
sources (including capital and liquidity), activities, and 
creditworthiness are audited by the CCP on an ongo-
ing basis, with the clearinghouse often empowered to 
impose restrictions on member activities if warranted.

In practice, clearinghouses typically impose mul-
tiple mechanisms to control financial risks. The cumu-
lative effect of this multiplicity can create a chain of 
if-and-only-if conditionalities. Often, this chain is the 
key factor in generating time-critical liquidity constraints. 
To illustrate, let us return to the futures contract exam-
ple. Posting initial margin in and of itself would elim-
inate risk to the CCP only if the margin requirement were 
sufficiently high to cover (with high probability) the 
cumulative exposure of the CCP to clearing member 
default risk over the entire life of the contract—from 
the trade date to the delivery date. To economize on 
performance-bond collateral, the CCP typically marks 
participants’ positions to market on a daily basis,16 and 
requires participants to settle the day’s accumulated 
gains and losses via exchange of variation margin.17 
Thus, the CCP compounds conditionality 5 with an-
other if-and-only-if conditionality, as follows:

Conditionality 6: The clearinghouse will novate 
the trade if and only if conditionality 5 holds and the 
clearing member agrees to post daily variation mar-
gin, incorporating marking to market, as demanded 
by the CCP within the precise time frame specified. 

This compounded if-and-only-if conditionality 
dramatically reduces the needed initial margin. By intro-
ducing payment of daily variation margin as a condition 
subsequent, the initial margin need only be sufficient 
to cover a possible clearing member default over a single 
day forward. Clearly, conditionality 6 induces a require-
ment for additional time-critical liquidity, since a posi-
tion at the clearinghouse will be kept open only if daily 
variation margin is paid promptly, according to the 
deadlines specified by the clearinghouse.

This requirement of timely variation margin is  
an integral component of the CCP’s risk-management 
structure. That means that the receipt of variation mar-
gin when due is compulsory (not simply desirable or 
beneficial). The reason is that initial margin require-
ments are set in relation to expected receipt of variation 
margin within a precise time frame, day in and day 
out, as variation margin falls due. Therefore, the CCP’s 
default rules mandate consequences for a failure to 
comply with variation margin requirements when due 

(that is, forfeiture of initial margin and recourse to 
other CCP financial safeguards).

Moreover, variation margin payments must be 
made with finality. In particular, if a clearing member 
were to default, the CCP must have certainty that any 
margin payments previously made by the defaulting 
entity can be used to satisfy any liquidity shortfalls 
resulting from the default. For this reason, variation 
margin payments must be made using a system that 
supports intraday or even real-time finality. Typically, 
this would require use of an RTGS payments system.18 
(Box 4 gives a further discussion of time-critical liquidity 
requirements in two important derivative CCPs, the 
Chicago Mercantile Exchange and the Options Clear-
ing Corporation.)

Public policy implications

We have argued that the imperative to mitigate 
credit risk associated with financial market settlements 
leads logically to increased use of time-critical liquidity. 
The benefits of credit risk mitigation are sufficiently great 
that we are likely to see continued movement in this 
direction. Recent developments pointing toward increased 
use of time-critical liquidity include the following:
n	The commitment of the Group of Twenty (G20) 

leaders in October 2009 that all standardized OTC 
derivatives be centrally cleared clearly goes in 
this direction, as does the mandate in title VII of 
the Dodd–Frank Act for increased use of central-
ized clearing and the expanded development of 
CCPs in emerging markets (G20, 2009; Financial 
Stability Board, 2010).

n	Title VII of the Dodd–Frank Act mandates increased 
use of collateral for swaps not centrally cleared. 
As we have discussed, collateral requirements 
typically carry with them time-critical deadlines 
for delivery of collateral. In addition, proposed reg-
ulations to implement this provision of Dodd–Frank 
would forbid or attenuate the practice of rehypoth-
ecation, whereby the recipient of collateral can 
sell or otherwise use the collateral as if it were  
the recipient’s property. Such restrictions could, 
in effect, decrease the supply of acceptable  
collateral precisely when requirements for  
collateral are increasing.

n	Finally, recent proposed revisions to the interna-
tional standards for financial market infrastructures 
include a proposal to increase financial resources 
dedicated to mitigating counterparty credit risk. 
In particular, the international standards in effect 
prior to April 2012 recommend financial resources 
sufficient “to withstand, at a minimum, a default by 
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BOX 4

Time-critical liquidity in derivatives CCPs

Two major derivatives CCPs in the United States are 
the CME Clearing House (CME Clearing) and the 
Options Clearing Corporation (OCC). CME Clearing 
is an unincorporated division of the Chicago Mercan-
tile Exchange Inc. that provides central counterparty 
clearing and settlement services for exchange-traded 
futures contracts, as well as certain options and OTC 
derivatives contracts. The OCC is a clearinghouse for 
exchange-traded equity options as well as certain futures 
contracts. It currently provides central counterparty 
clearing and settlement services to nine options ex-
changes and five futures markets.1 

CME Clearing marks open contracts to market 
twice daily and settles payment obligations once in the 
morning and once in the afternoon of each business 
day. The OCC normally marks open contracts to mar-
ket once daily and settles payment obligations incurred 
in the morning of each business day. (They have the 
authority to conduct additional intraday marking-to-
market if warranted.) For both of these CCPs, settle-
ment occurs through designated settlement banks that 
act as settlement intermediaries between the CCP and 
its clearing members. Each CCP and its clearing mem-
bers grant settlement banks the authority to credit or 
debit their respective accounts for daily market activ-
ity based on clearing instructions sent by the CCP.

Both CCPs rely on time-critical payments that 
must be completed according to tight deadlines. Spe-
cifically, CME Clearing sends settlement information 
for CME clearing members to the settlement banks 
before 7:30 a.m. CT and again at approximately 
12:30 p.m. CT. Clearing members must complete the 
settlement amounts (or have their settlement bank  
irrevocably commit to making the required payment 
on the clearing member’s behalf) before the 7:30 a.m. 
deadline for the morning settlement cycle and within 
about one hour from receiving settlement information 
for the afternoon cycle. For the OCC, settlement in-
formation for each clearing member is sent to the 
settlement banks before 9:00 a.m. CT. Payment of 
the settlement amounts must be made (or irrevocable 
commitment from the clearing member’s settlement 
bank must be obtained) before the 9:00 a.m. deadline. 
Failure to meet these deadlines constitutes default under 
the OCC’s rules. The OCC also commits to initiate 
payments to its clearing members by 10:00 a.m. CT.

1Currently, these exchanges and markets include: BATS;  
Boston Options Exchange; C2 Options Exchange Inc.; Chicago 
Board Options Exchange Inc.; International Securities Exchange 
LLC; NASDAQ OMX PHLX; NASDAQ Options Market; NYSE 
Amex Options; NYSE Arca Options; CBOE Futures Exchange 
LLC; ELX Futures LP; NASDAQ OMX Futures Exchange; 
NYSE Liffe US; and OneChicago Exchange.

the participant to which it has the largest exposure in 
extreme but plausible market conditions.”19 These 
standards were replaced by the Bank for Interna-
tional Settlements’ Committee on Payment and 
Settlement Systems and the Technical Committee 
of the International Organization of Securities Com-
missions (CPSS–IOSCO), which recommend 
strengthening these standards to enable institu-
tions “involved in activities with a more-complex 
risk profile” or “systemically important in multiple 
jurisdictions” to withstand the default of the two 
participants generating the largest credit exposure 
(CPSS–IOSCO, 2012, p. 37).

All of these efforts to mitigate credit risk have clear 
value. However, the trend toward increased dependence 
on time-critical liquidity raises an important question, 
in our view: To what extent does this settlement risk 
mitigation merely transform credit risk into liquidity 
risk? In other words, once the more straightforward 
steps to reduce credit risk have been taken (for exam-
ple, through netting), might further actions to mitigate 
credit risk have the unintended consequence of increas-
ing liquidity risk?

The main concern with this increased dependence 
on time-critical liquidity, from a public policy stand-
point, is that it may exacerbate the effect of periodic 
liquidity crises. More specifically, as payment, clearing, 
and settlement (PCS) systems create increased demand 
for time-critical liquidity, participant institutions need 
to take steps to ensure the flow of funding needed to 
meet these time-critical liquidity constraints. These 
efforts may drive increasingly tight and interdependent 
payment flows as system participants attempt to meet 
time-critical liquidity demands across PCS systems. 
This process can make the PCS infrastructure more sen-
sitive to systemic perturbations during a crisis episode.

An alternative way to think about this increased 
sensitivity to systemic perturbations is in terms of  
demand and supply dynamics. The demand for time-
critical liquidity is unlikely to decrease during such a 
crisis.20 Indeed, the need for time-critical liquidity may 
tend to increase during a crisis, as collateral haircuts 
expand and margin requirements adjust upward in light 
of increased market volatility and declining asset val-
uations. But the sources of time-critical liquidity may 
well attenuate in a crisis environment, as pervasive 
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uncertainty induces institutions and individuals to 
hoard liquid assets.

Let us consider in detail three examples that  
illustrate how time-critical liquidity requirements can 
interact adversely with the diminished willingness of 
intermediaries to provide liquidity during a crisis.

1987 market break
On Monday, October 19, 1987 (Black Monday), 

stock markets around the world crashed, shedding a 
huge value in a very short time.21 As a result of the 
market price declines and increased volatility on Black 
Monday, intraday and end-of-day margin requirements 
at derivatives clearinghouses rose to record levels. For 
example, clearing members of the CME faced margin 
calls (reflecting both mark-to-market variations and 
increased initial margin requirements) around ten times 
the previous average margins (Carlson, 2006). At the 
same time, banks became less willing to advance credit 
to clearing members. Bernanke (1990) and Carlson 
(2006) argue that aggregate liquidity provision could 
have been insufficient without Federal Reserve action. 
As Bernanke (1990, p. 148) states, “The Fed ‘persuaded’ 
the banks, particularly the big New York banks, to 
lend freely, promising whatever support was necessary.”

Just as serious was the problem of gridlock in the 
flow of mark-to-market variation settlements and ini-
tial margin requirements. This disruption was mani-
fested in various ways. Payments on behalf of clearing 
members that had received margin calls from a clear-
inghouse were significantly delayed.22 In addition, 
clearing members that were expecting margin payments 
from a clearinghouse found it necessary to meet the 
payment expectations of significant customers before 
receiving payment from the clearinghouse. Notably, 
two major clearing members, Kidder Peabody and 
Goldman Sachs, advanced funds for customer margin 
calls only to find themselves short by over $1.5 billion 
when payments due to them were delayed.23

The situation was exacerbated by an operational 
failure that shut down the Fedwire system for two and 
a half hours on the morning of October 20, 1987. This 
service interruption occurred just when large funds 
transfers needed to be made to complete margin settle-
ments on Chicago’s futures and options clearinghouses.

Sentinel
A second example of how markets that depend on 

time-critical liquidity can be disrupted during a finan-
cial crisis is the case of Sentinel Management Group 
Inc. Sentinel was a registered futures commission 
merchant (FCM) that specialized in investing funds 
of futures market participants (including some clear-
ing members of the CME) in the money markets. In 

effect, it functioned analogously to a money market 
mutual fund for other FCMs. Sentinel had experienced 
heavy customer demand for redemptions during the 
onset of market volatility in mid-August 2007, causing 
a “run” on the firm and impairing its ability to meet its 
customer obligations. As a result, Sentinel announced 
on Monday, August 13, 2007, that it would not allow 
further redemptions from at least one of the portfolios 
it managed. Four days later, Sentinel filed for bank-
ruptcy (see Lamson and Allen, 2011). The effect of 
these actions was to impede disbursement of customer 
funds to a number of CCP clearing members that were 
relying on these funds to meet their obligations to the 
clearinghouse. In a court appearance involving Sentinel 
on August 20, counsel for the U.S. Commodity Futures 
Trading Commission (CFTC) argued that “eleven 
FCMs will fail if the money is not distributed ... and 
there will be reverberations throughout the economy” 
(Lamson and Allen, 2011, pp. 7–8). Presumably, the 
CFTC’s concern was that these FCMs may have had 
payments owing to the clearinghouses and had no source 
of readily available funds other than their Sentinel  
investments. As it turned out, the bankruptcy court 
did permit sufficient disbursements to avoid any 
FCM defaults.

Tri-party repo market
A third example of how sources of time-critical 

liquidity can attenuate during a crisis is the potential 
instability of the tri-party repurchase (or repo) market 
under certain conditions (Gorton, 2009). The tri-party 
repo market is a short-term credit market that is used 
as an important source of time-critical liquidity in 
payments, clearing, and settlement mechanisms. In 
this market, users of short-term credit borrow from 
providers of short-term credit (typically money market 
mutual funds) by selling securities to the lender with 
a simultaneous agreement to repurchase the securities 
on a specified future date at a prespecified price. The 
“third party” is a clearing bank that facilitates funds 
transfer and acts as collateral custodian.

Under the operating procedures that prevailed 
during the financial crisis of 2007–09, the clearing 
banks at the heart of the tri-party repo market would 
each day provide large amounts of intraday credit, in 
effect providing bridge financing between the time when 
funds are returned to the lenders (typically between 
8:00 and 8:30 a.m. eastern standard time, or EST) and 
when new loans are executed (typically between 3:00 
and 6:00 p.m. EST) (see Copeland et al., 2011). This 
practice could lead to greater instability during a cri-
sis. As explained in Federal Reserve Bank of New 
York (2010, p. 13):
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 The daily hand-off of credit extensions between 
overnight cash lenders and clearing banks creates 
an incentive for each to reduce its exposure quickly 
by pulling away from a potentially troubled dealer 
before the other one does. Indeed, as dealers came 
under severe stress, clearing banks reconsidered 
their longstanding practice of routinely extending 
intraday credit, as they recognized the potential 
risk it posed to them.

During the recent financial crisis, there was a risk 
that, recognizing this inherent vulnerability of the tri-
party repo market, lenders would withdraw liquidity, 
with damaging consequences both for the market as a 
whole and for weakened market participants that were 
critically dependent upon funding ordinarily available 
through short-term funding markets.

Discussion
All of these examples illustrate how dependence 

on time-critical liquidity can exacerbate financial mar-
ket turmoil during a financial crisis. This is a problem 
that clearly needs to be addressed, but the solution is 
not obvious.

One way of addressing this problem would be to 
reduce the use of time-critical liquidity. But, as we 
have stressed in this article, time-critical liquidity is  
a key component of mechanisms to reduce settlement 
risk in financial transactions. In practice, efforts to  
reduce use of time-critical liquidity would weaken  
financial markets’ commitment to ensuring same-day 
settlement, a goal that has been enshrined in 39 years 
of post-Herstatt practice. 

Furthermore, the goal of guaranteeing same-day 
(or even intraday) settlement is explicitly incorporated 
in the current international standards, the Principles for 
Financial Market Infrastructure (PFMI), adopted in 
April 2012 under the auspices of the CPSS–IOSCO.24 
Specifically, a major focus of the PFMI is the problem 
of liquidity risk, and in particular the need to carefully 
manage intraday liquidity to achieve prompt settlement 
of financial transactions. For example, principle 7 of 
the PFMI states explicitly that
 an FMI should maintain sufficient liquid resources 

in all relevant currencies to effect same-day and, 
where appropriate, intraday ... settlement of payment 
obligations with a high degree of confidence  
under a wide range of potential stress scenarios  
... in extreme but plausible market conditions. 
(CPSS–IOSCO, 2012, p. 57, italics added)

Recent developments in FMI design and academic 
thinking about the liquidity demands associated with 
settlements in FMIs might be interpreted as reflecting 
a reduced commitment to same-day assured settlement 

under certain conditions, such as the default of one or 
more FMI participants (see, for example, Hull, 2012). 
These developments are worth following as the PFMI 
are implemented in the coming months and years.

A consequence of PFMI principle 7 is that the  
liquidity risks undertaken to mitigate credit risk 
should be well contained by mandating robust mini-
mum liquidity resources for payments, clearing, and 
settlement institutions. These resources would typi-
cally take the form of cash on hand, dedicated same-
day liquidity facilities provided by a consortium of 
banks, and arrangements in advance to facilitate repur-
chase agreements. Such regulatory mandates are clearly 
warranted. An implication of the arguments in this  
article is that robust liquidity risk management is of 
crucial importance to modern PCS systems, and this 
importance is likely to increase over time.

Ensuring that liquidity resources are adequate to 
withstand a crisis requires constant vigilance. Finan-
cial crises are times when market participants tend to 
hoard liquidity. For example, in the midst of a crisis, 
a party that had committed to provide time-critical  
liquidity may be incapable or unwilling to fulfill on 
that contractual obligation. In addition, same-day li-
quidity facilities typically must be renewed every 364 
days. If the renewal date occurs during a financial crisis, 
it may be difficult to renew the facility to obtain the 
desired capacity. Furthermore, for some financial mar-
ket utilities (such as large, global swaps CCPs), the 
only institutions with sufficient financial capacity to 
participate in these liquidity facilities may be the util-
ities’ own members. This state of affairs would raise 
the uncomfortable problem of wrong-way risk, wherein 
part of the resources used to protect a utility against 
the default of one of its members is the capital of that 
very member.

In addition, repo markets could become less reli-
able sources of liquidity during a crisis if money mar-
ket mutual funds and other providers of liquidity to 
the repo markets move their resources into Treasury 
securities and other ultra-safe vehicles. Even cash can 
be a less reliable source of liquidity in a crisis if the 
cash is in the form of commercial bank deposits, since 
commercial banks themselves are more likely to fail 
in a crisis situation. Finally, there may be a level of  
liquidity risk beyond which a financial market utility 
cannot self-insure and remain viable as an economic 
entity. That is, the costs of such self-insurance may 
exceed the economic value of the utility itself.

If private liquidity provision may be inadequate in 
certain extreme conditions, it may be useful to create 
a framework in which central bank liquidity can act 
as a backstop. The principles in CPSS–IOSCO (2012) 
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explicitly permit financial market utilities to count 
central bank credit toward their liquidity resources, 
provided the utility has routine access to such credit. 
Certain jurisdictions provide such routine access to 
central bank liquidity.25 However, CPSS–IOSCO (2012) 
also recognizes the obvious moral hazard problem of 
having a payments, clearing, or settlement utility count 
emergency (that is, nonroutine) central bank liquidity 

as part of its liquidity resources for the purposes of 
meeting the standards mandated by the PFMI.

In conclusion, we note that the trade-offs we have 
discussed between credit risk management and liquidity 
requirements appear to be fundamental to modern finan-
cial markets. It is likely that future policy developments 
will continue to grapple with optimal institutional de-
sign in light of these concerns.

NOTES
1See Federal Reserve Bank of New York, Payments Risk Committee 
(2012, p. 9). The Payments Risk Committee is a private sector group 
of senior managers from U.S. banks that is sponsored by the Federal 
Reserve Bank of New York. The committee’s primary goal is to foster 
enhancements to the safety and resiliency of financial market infra-
structure, including steps to strengthen the clearing and settlement 
of financial transactions, and to inform the Federal Reserve Bank of 
New York about developments, conditions, and practices in payments, 
clearing, and settlement systems (see www.newyorkfed.org/prc/). 

2See Heckinger, Marshall, and Steigerwald (2009). For purposes of 
a payment through a funds transfer system, “location” refers to an 
account specified by the recipient into which a payment or securities 
transfer must be made. Thus, a payment made in the right currency 
at or before the time settlement is due would not meet the require-
ments of time-critical liquidity if it is not placed at the disposal of 
the intended recipient in the account specified by the recipient. 

3The remedy for such a breach of contract typically involves the 
payment of damages intended to compensate the nondefaulting 
party for loss. Consequential damages are generally disallowed.

4See Federal Reserve Bank of New York, Payments Risk Committee, 
Cross-border Collateral Pool Task Force (2003, p. 7). There is an 
important and growing literature discussing the many aspects of li-
quidity more generally. See, for example, Brunnermeier and Pedersen 
(2009); Nikolaou (2009); and Garleanu and Pedersen (2007).

5See, for example, Nosal and Steigerwald (2010).

6For a comprehensive discussion of credit and associated risk asso-
ciated with financial transactions, see Duffie and Singleton (2003). 
For the purposes of this article, we focus on credit and liquidity risks 
associated with settlement and rely principally upon risk definitions 
drawn from the payment, clearing, and settlement context.

7This principle is stated both explicitly and implicitly in the risk-
management literature, including in a standard recently promulgated 
by the International Organization for Standardization (2009). 

8Our use of the term “if-and-only-if conditionality” is consistent 
with the way some of the risk-management practices described in 
this article have been described by policymakers. See CPSS (1992, 
1995) and Group of Thirty (2003).

9See Koleva (2011). 

10For example, according to Bech and Hobijn (2007, p. 4), “until 
1981, final settlement occurred on the morning of the next business 
day through the transfer of balances across the books of the Federal 
Reserve.” See also Federal Reserve Bank of New York, Payments 
Risk Committee, Intraday Liquidity Management Task Force (2000). 

11See, for example, CPSS (1997, 2005); Mills and Nesmith (2008); 
and Bech and Hobijn (2007).

12CPSS (1992) defines principal risk as “the risk of loss of the full 
value of securities or funds that [a nondefaulting party] has transferred 
to the defaulting counterparty” (p. 13). See also CPSS (1995).

13Our description of this process is, of course, highly simplified. In 
practice, further interfaces exist between CSDs and registrars, transfer 
agents, custodial institutions, and the like.

14Special considerations apply where CLS Bank is not a direct mem-
ber of the payment system for making final payments in a currency 
settled through CLS Bank on a PvP basis. For example, CLS Bank 
is not a member of the Canadian Payment Association and, therefore, 
is not a direct participant in the Large Value Transfer System (LVTS) 
for Canadian dollar payments. Furthermore, LVTS has aspects of both 
an RTGS system and a so-called continuous net settlement system. 
As a consequence, the Bank of Canada, which is a direct participant 
in LVTS, provides CLS Bank with an account and processes pay-
ments through LVTS on CLS Bank’s behalf. (See Bank of Canada, 
www.bankofcanada.ca/wp-content/uploads/2012/02/fsr-1202-miller. 
pdf.) All Canadian dollar payments made or received by CLS Bank 
are final when posted to its account by the Bank of Canada.

15This stylized example simplifies the actual conditions. In reality, 
additional conditions would typically be imposed, such as that the 
trade is within the applicable position limits, that the clearing member 
has sufficient capital, and so on.

16In this stylized example, variation margin is posted daily. In fact, 
many CCPs require variation margin to be posted two or even three 
times each day.

17We follow common practice in using the term “variation margin” 
to denote the exchange of funds for mark-to-market settlements. 
However, these daily settlements serve a role rather different from 
that served by initial margin (performance bond). In particular, the 
latter constitutes collateral whose function is to mitigate risk, while 
the former constitutes payment of market gains and losses.

18In the Principles for Financial Market Infrastructures, released in 
April 2012, the Bank for International Settlements’ Committee on 
Payment and Settlement Systems and the Technical Committee of 
the International Organization of Securities Commissions (CPSS–
IOSCO) do not rule out net settlement systems, but note that any 
system relying on batch settlement “may expose participants to 
credit and liquidity risks for the period during which settlement is 
deferred” (CPSS–IOSCO, 2012, p. 66).

19See CPSS–IOSCO (2004, p. 23). Similar wording is found in 
CPSS (2001) and CPSS–IOSCO (2001).
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20As a practical matter, operators of payment, clearing, and settle-
ment systems have little discretion to forbear on time deadlines for 
liquidity provision, because forbearance fundamentally undermines 
the if-and-only-if conditionalities that underlie their risk-management 
methodologies.

21For more details of this event, see http://en.wikipedia.org/wiki/
Black_Monday_(1987).

22See U.S. General Accounting Office (1990, p. 41), which summa-
rizes the evidence of persistent delays in the completion of settle-
ment payments: 

According to the SEC February 1988 Report, between 
October 19 and October 30, 1987, clearing members made 
late payments to stock clearing organizations approximately 
60 times. ... On October 19, 20, and 21, CME received late 
payments from several of its members. According to CME, 
clearing banks were late in confirming member payment for 
26 of CME’s 90 clearing members. Thirteen of those pay-
ment confirmations were between a half hour and an hour 
late on October 20. These late payment confirmations  
violated clearing organization rules and increased clearing 
organization risk. CFTC officials said that although some 
payment confirmations from clearing banks to the CME 
House Division were late, by the time of the opening of  
the S&P 600 contract for trading, all payment confirmations 
were received by CME. 

23Bernanke (1990); see also, Brimmer (1989). There has been some 
confusion in the literature regarding the liquidity problems Goldman 
Sachs and Kidder Peabody faced in connection with this incident. 
See Tamarkin (1993).

24See CPSS–IOSCO (2012). As used in the PFMI, the term “finan-
cial market infrastructure” (FMI) refers to any of a number of insti-
tutions that support financial transactions, including payments 
systems, CSDs, securities settlement systems, and CCPs.

25The availability to FMIs of routine access to central bank credit  
is dependent upon many factors, including whether the FMI is char-
tered as a banking institution (a requirement in some jurisdictions), 
the type of FMI (for example, whether it functions as a CSD, a 
CCP, or some other kind of market infrastructure), the type of cred-
it (for example, intraday, overnight, or emergency), and the statutory 
authority of the relevant central banks to exercise discretion in ex-
tending such credit. Broad generalizations in this area are difficult 
to make and are subject to change as legislation and central bank 
credit policies are amended from time to time. Although a complete 
typology of credit policies for FMIs is outside the scope of this  
article, our research based on publicly available sources indicates 
that Belgium, France, Germany, Japan, and Switzerland are juris-
dictions in which some form of routine access to central bank  
credit may be afforded certain FMIs. U.S. law and Federal Reserve 
policy do not currently permit nondepository institutions (including 
certain FMIs) routine access to central bank credit.
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