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1. Introduction
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1. How do banks manage their funding liquidity and counterparty risk? 
Do banks manage these risks jointly?
→ Develop a methodology that allows us to jointly assess how banks manage their funding liquidity and 

counterparty risk exposures.

2. Is there a difference in how banks issue and manage secured and unsecured credit 
obligations?
→ Use the methodology to gain insights into how market participants issue secured and unsecured credit 

obligations and manage the resulting exposures.

Research Questions
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Payments data from 
the Canadian LVTS
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The Canadian LVTS Daily Operating Schedule
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A Deferred Net Settlement (DNS) System

Intraday time (𝒔)Start of 
exchange period 

(𝒔 = 𝟎)

Settlement
(𝒔 = 𝑺)

Exchange Period

𝒊

𝒊
promises 

𝒋
$100 at 
𝒔 = 𝑺

PO

Clear

Account
𝒊

Account
𝑗

Debit Credit

100 100

PO

Settle



7

Netting is “the offsetting of obligations between or among participants … thereby reducing the number 
and value of payments or deliveries needed to settle a set of transactions” (BIS, 2012).

Bilateral Netting

Gross credit obligations Net credit obligations
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Multilateral Netting
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§ Wholesale payments system 
§ Open to a limited number of direct participants (DPs)

§ Payments Canada is the payments operator (PO)
§ Processes all payment orders and acts as the central counterparty (CCP)
§ Collects collateral from either the issuer or the receiver of a payment order to remain risk neutral.

§ RTGS-equivalent system (collateralized DNS)
§ Equivalency in terms of finality on a gross basis after clearing
§ Bilateral and multilateral netting prior to settlement
§ Throughout the day, DPs issue payment orders that represent claims on central bank balances. These claims (credit obligations) must be settled at the end 

of the day.

§ From the point of view of the recipient (i.e., the creditor):
§ Secured payments (T1): Collateralized with the assets of the issuer (i.e., the debtor) using a defaulter-pay arrangement.
§ Unsecured payments (T2): Supported with the assets of the recipient (i.e., the creditor) using a survivor-pay arrangement. 

§ These arrangements closely resemble collateral and capital requirements in the wider banking system

Main Features of the Canadian LVTS
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§ Banks prefer to issue unsecured 
rather than secured payments
§ However, as we get closer to 

settlement banks tend to rely more on 
secured payments.

§ As a portion of gross value 
issuance, small banks tend to 
issue more secured payments and 
receive more unsecured 
payments than large banks.

Gross Payment Order Value
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1. Limited literature on joint management of risks and their interactions
§ We usually assess risks in silos
§ However, risks interact with each other and different banks might choose different risk profiles

2. Secured vs. unsecured exposures and capital vs. collateral requirements
§ Limited empirical evidence on the use and degree of substitutability between secured (i.e., defaulter-pay) and unsecured (i.e., survivor-

pay) credit obligations.
§ Limited evidence on the use and degree of substitutability between collateral and capital requirements. 

3. Coordination as a risk management tool
§ McAndrews and Potter (2002) is closest to our research.

§ They study how exogenous shocks, such as the events of 9/11, affect systemwide netting, bilateral netting, and coordination in payment systems.
§ In contrast, we emphasize how marginal and total netting relate to secured and unsecured credit exposures.

§ Previous literature shows that timing of payment orders can increase collateral efficiency and make funding relatively less costly. 
§ For example, Bech and Garratt (2002); Bech (2003); Ashcraft and Duffie (2007); Kambhu, Weidman and Krishnan (2007).
§ We show that timing and coordination is related to marginal netting. 
§ We also show that there are different marginal netting effects for secured and unsecured credit exposures.

Why is this work important?
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2. Methodology and Empirical Results
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1. Calculate the total amount of counterparty risk in the system throughout the day:
§ Total bilateral netting

§ Total multilateral netting

§ Net credit risk in the system (before collateral)

2. Assess how individual banks manage liquidity and counterparty risk at the margin 
throughout the day:
§ Marginal bilateral netting

§ Marginal multilateral netting

§ Marginal credit risk contributions to the system

Summary of Methodology
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§ Let 𝑽𝒂𝒍𝒕,𝒔
𝒊𝒋  be the sum of the value of all payments sent from DP 𝒊 to 𝒋 up to time 𝒔 on calendar date 𝒕.

𝑉𝑎𝑙',(
)* = .

+,-

(

𝑃',+
)*

§ T1 Clearing Capacity:

𝑻𝟏𝑴𝑪𝑪𝒕,𝒔𝒊 =.
𝒅,𝟎

𝒔

𝑻𝟏𝑪𝒕,𝒅𝒊 ×𝝍𝒕,𝒅
𝒊 +.

𝒋0𝒊

𝑵

𝑻𝟏𝑽𝒂𝒍𝒕,𝒔
𝒋𝒊 −𝑻𝟏𝑽𝒂𝒍𝒕,𝒔

𝒊𝒋

§ T2 Clearing Capacity:

𝑻𝟐𝑩𝑪𝑪𝒕,𝒔𝒊 = 𝑩𝑪𝑳𝒕,𝒔
𝒋𝒊 + 𝑻𝟐𝑽𝒂𝒍𝒕,𝒔

𝒋𝒊 −𝑻𝟐𝑽𝒂𝒍𝒕,𝒔
𝒊𝒋

𝑻𝟐𝑴𝑪𝑪𝒕,𝒔𝒊 =.
𝒋0𝒊

𝑵

𝑩𝑪𝑳𝒕,𝒔
𝒋𝒊 𝜽 +.

𝒋0𝒊

𝑵

𝑻𝟐𝑽𝒂𝒍𝒕,𝒔
𝒋𝒊 −𝑻𝟐𝑽𝒂𝒍𝒕,𝒔

𝒊𝒋

Clearing Capacity
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§ PO’s Clearing Decision:

𝐓𝟏𝐂𝐥𝐞𝐚𝐫𝐢𝐧𝐠 = ,𝟏 𝐢𝐟	 𝑻𝟏𝑷𝒕,𝒔
𝒊𝒋 ≤ 𝑻𝟏𝑴𝑪𝑪𝒕,𝒔𝒊

𝟎 𝒐𝒕𝒉𝒆𝒓𝒘𝒊𝒔𝒆

𝐓𝟐𝐂𝐥𝐞𝐚𝐫𝐢𝐧𝐠 = ,𝟏 𝐢𝐟	 𝑻𝟐𝑷𝒕,𝒔
𝒊𝒋 ≤ 𝑻𝟐𝑩𝑪𝑪𝒕,𝒔𝒊 	 𝐀𝐍𝐃	 𝑻𝟐𝑷𝒕,𝒔

𝒊𝒋 ≤ 𝑻𝟐𝑴𝑪𝑪𝒕,𝒔𝒊

𝟎 𝒐𝒕𝒉𝒆𝒓𝒘𝒊𝒔𝒆

Clearing Function
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§ T1 (secured credit exposures)
§ Mostly multilateral netting

§ T2 (unsecured credit exposures)
§ Bilateral and multilateral netting

§ Most exposures are netted
§ Between 95%-98% of combined T1 

and T2 exposures are netted 

Total Netting (Full Sample Period)

𝜼𝒕,𝒔
𝒊𝒋 = 𝜼𝒕,𝒔

𝒋𝒊 =𝒎𝒊𝒏
𝑽𝒂𝒍𝒕,𝒔

𝒋𝒊

𝑽𝒂𝒍𝒕,𝒔
𝒊𝒋 ,

𝑽𝒂𝒍𝒕,𝒔
𝒊𝒋

𝑽𝒂𝒍𝒕,𝒔
𝒋𝒊 𝜼𝒕,𝒔𝒊 =𝒎𝒊𝒏

∑𝒋&𝒊𝑵 𝑽𝒂𝒍𝒕,𝒔
𝒋𝒊

∑𝒋&𝒊𝑵 𝑽𝒂𝒍𝒕,𝒔
𝒊𝒋 ,

∑𝒋&𝒊𝑵 𝑽𝒂𝒍𝒕,𝒔
𝒊𝒋

∑𝒋&𝒊𝑵 𝑽𝒂𝒍𝒕,𝒔
𝒋𝒊
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§ Large banks net more exposures 
than small banks
§ The gap has widened after the GFC

§ Small banks add more 
counterparty risk to the system 
per dollar of payment order

Total Multilateral Netting by Participant Size



18

Marginal Trade-offs for a $1 Payment

Liquidity Risk Counterparty Risk

T1
(Secured)

Issuer LR↑
Collateral falls by $1

CR↓
Counterparty exposure falls by $1 

Receiver LR↓
Collateral increases by $1

CR↑
Counterparty exposure increases by $1 

T2
(Unsecured)

Issuer
LR↑

Bilateral credit line falls by $1
Potential funding from counterparty	𝒋	 decreases

CR↓
Bilateral exposure falls by $1 

Counterparty risk from counterparty 𝒋 decreases

Receiver
LR↓

Bilateral credit line increases by $1
Potential funding from counterparty 𝒋 increases

CR↑
Bilateral exposure increases by $1 

Counterparty risk from counterparty 𝒋 increases

Coordination leads to netting of credit exposures and unencumbering 
of collateral assets, which increases liquidity.
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§ Bilateral:

∆𝑻𝟏𝑽𝒂𝒍𝒕,𝒔2𝒉
𝒊𝒋 = 𝜶+𝜷𝟏,𝒕,𝒔2𝒉

𝒊𝒋 ∆𝑻𝟏𝑽𝒂𝒍𝒕,𝒔2𝒉
𝒋𝒊 +𝜷𝟐,𝒕,𝒔2𝒉

𝒊𝒋 ∆𝑻𝟐𝑽𝒂𝒍𝒕,𝒔2𝒉
𝒋𝒊 +𝜺𝒕,𝒔2𝒉

𝒊𝒋

𝑯𝟎:𝑵𝒐𝑴𝒂𝒓𝒈𝒊𝒏𝒂𝒍𝑩𝒊𝒍𝒂𝒕𝒆𝒓𝒂𝒍𝑵𝒆𝒕𝒕𝒊𝒏𝒈(𝜷𝟏,𝒕,𝒔3𝒉
𝒊𝒋 = 𝜷𝟐,𝒕,𝒔3𝒉

𝒊𝒋 = 𝟎)

§ Multilateral:

∆𝑻𝟏𝑽𝒂𝒍𝒕,𝒔2𝒉𝒊 = 𝜶+𝜷𝟏,𝒕,𝒔2𝒉𝒊 ∆.
𝒋6𝒊

𝑵8𝟏

𝑻𝟏𝑽𝒂𝒍𝒕,𝒔2𝒉
𝒋𝒊 +𝜷𝟐,𝒕,𝒔2𝒉𝒊 ∆.

𝒋6𝒊

𝑵8𝟏

𝑻𝟐𝑽𝒂𝒍𝒕,𝒔2𝒉
𝒋𝒊 +𝜺𝒕,𝒔2𝒉𝒊

𝑯𝟎:𝑵𝒐𝑴𝒂𝒓𝒈𝒊𝒏𝒂𝒍𝑴𝒖𝒍𝒕𝒊𝒍𝒂𝒕𝒆𝒓𝒂𝒍𝑵𝒆𝒕𝒕𝒊𝒏𝒈(𝜷𝟏,𝒕,𝒔3𝒉𝒊 = 𝜷𝟐,𝒕,𝒔3𝒉𝒊 = 𝟎)

§ Where ∆𝑇1𝑉𝑎𝑙',(36
)* = 𝑇1𝑉𝑎𝑙',(36

)* −𝑇1𝑉𝑎𝑙',(
)*

Marginal Netting Specification
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§ We estimate the following regression:

∆𝑻𝟏𝑽𝒂𝒍𝒕,𝒔3𝒉
𝒊𝒋 = 𝒂+𝒃𝟏,𝒕

𝒊𝒋 ∆𝑻𝟏𝑽𝒂𝒍𝒕,𝒔3𝒉
𝒋𝒊 +𝒃𝟐,𝒕

𝒊𝒋 ∆𝑻𝟐𝑽𝒂𝒍𝒕,𝒔3𝒉
𝒋𝒊

+𝒄𝟏,𝒕
𝒊𝒋 𝑪𝒐𝒏𝒕𝒓𝒐𝒍𝒔𝒕,𝒔𝒊 +𝒄𝟐,𝒕

𝒊𝒋 𝑪𝒐𝒏𝒕𝒓𝒐𝒍𝒔𝒕,𝒔
𝒋 +𝒄𝟑,𝒕

𝒊𝒋 𝑶𝒕𝒉𝒆𝒓𝒔′𝑪𝒐𝒏𝒕𝒓𝒐𝒍𝒔𝒕,𝒔
+𝒄𝟒,𝒕

𝒊𝒋 𝑪𝒐𝒏𝒕𝒓𝒐𝒍𝒔𝒕,𝒔3𝒉𝒊 +𝒄𝟓,𝒕
𝒊𝒋 𝑪𝒐𝒏𝒕𝒓𝒐𝒍𝒔𝒕,𝒔3𝒉

𝒋 +𝒄𝟔,𝒕
𝒊𝒋 𝑶𝒕𝒉𝒆𝒓𝒔′𝑪𝒐𝒏𝒕𝒓𝒐𝒍𝒔𝒕,𝒔3𝒉 +𝒆𝒕,𝒔3𝒉

𝒊𝒋

§ for each interval [𝒔, 𝒔 +𝒉) over the time series 𝒕 = 𝟏,… ,𝑻.
§ Econometric issues: This approach mitigates the problem of (very) large serial correlation intraday (in 𝑠)
§ Big data issues: It also helps a lot with computational problems (running out of RAM)

§ We let ℎ = 5,10,15,𝟑𝟎𝒎𝒊𝒏𝒖𝒕𝒆𝒔.

§ Challenges:
§ Large database (almost 3TB) cannot be easily loaded all at once to estimate a panel 
§ Run a regression for each 𝑖𝑗 pair, get cross-sectional average 𝒃 and bootstrap CIs
§ Run a panel without time-varying 𝒃 (including separate periods and random selection of days)
§ Run the specification above for smaller 𝑻

Marginal Netting Estimation
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§ For T1 (secured exposures) banks 
rely almost exclusively on 
multilateral coordination. 

§ Banks do not see T1 (secured 
exposures) and T2 (unsecured 
exposures) as substitutes. 

Marginal Netting in T1 (Secured Exposures)
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§ For T2 (unsecured exposures) 
banks rely on both bilateral and 
multilateral coordination. 

§ Banks do not see T1 (secured 
exposures) and T2 (unsecured 
exposures) as substitutes. 

Marginal Netting in T2 (Unsecured Exposures)
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§ For T1 (secured exposures) banks 
rely almost exclusively on 
multilateral coordination. 

§ For T2 (unsecured exposures) 
banks rely on both bilateral and 
multilateral coordination. 

§ Large banks coordinate more and 
therefore net more of their 
exposures than small banks

§ As settlement approaches, large 
banks cut their unsecured 
exposures to small banks

Same-Tranche Marginal Netting by Participant Size
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3. Conclusion and Policy Implications
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1. Banks prefer to issue unsecured exposures and do not see secured and unsecured exposures 
as substitutes. 

2. Banks coordinate the issuance of payments to jointly manage their liquidity and 
counterparty risk exposures. 
§ Small banks coordinate less and net less exposures than large banks
§ Per dollar of transaction, small banks contribute more counterparty risk to the system

3. Banks use different coordination methods to manage secured and unsecured exposures.
§ Unsecured exposures: Banks rely on both bilateral and multilateral coordination.
§ Secured exposures: Banks rely almost exclusively on multilateral coordination. 

Conclusions
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1. When interest rates are high, the incentive to net increases because the opportunity cost of 
collateral also increases
§ Important implications for monetary policy

2. Operational risk exposures:
§ Large banks rely more on coordination, so they are more exposed to partial operational disruptions that disrupt marginal netting.
§ Small banks net less, so they could be more exposed to systemic operational disruptions that trigger settlement.

3. Small banks are more exposed to changes in costs of funding

4. Indirect access to the payments system (i.e. corresponding banking) could increase netting 
efficiency
§ The payment orders of small banks could be received and netted by big banks

Policy Implications
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§ An intraday baseline of risk flows in the payments system.

§ A monitoring tool that can be used in real time for quantifying risks and assessing the impact of 
regulatory changes:

1. Reduced form approach to measure the systemic importance of market participants.

2. Impact of GFC, changes in interest rates, changes in collateral policies, and entry and exit of participants.

3. Potential impact of operational disruptions.

§ A framework to help us understand liquidity and counterparty risk management:

§ Assumptions based on empirical evidence.

§ Could help us understand gridlock in the system.

Practical Policy Contributions
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Thank you!
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Appendix 1: Literature Review
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1. Limited literature on joint management of risks and their interactions
§ Particularly liquidity and counterparty risks.

§ However, these risks are central to systemic risk regulations.

2. Secured vs. unsecured credit
§ Limited empirical evidence on the use and degree of substitutability between secured (i.e. defaulter-pay) and unsecured (i.e., survivor-pay) 

credit obligations.

3. Capital vs. collateral
§ Limited evidence on the use and degree of substitutability between collateral and capital requirements. 

4. Coordination as a risk management tool
§ Netting is a main determinant of counterparty risk exposures, collateral and regulatory capital.

§ If a secured exposure cannot be netted out, it must be collateralized.

§ If an unsecured exposure cannot be netted, it must be supported with regulatory capital.
§ Policymakers need to consider these interactions for collateral and capital regulations.

Why is this work important?
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1. We integrate and expand previous literature
§ Nested framework that jointly assesses the management of liquidity risk, secured and unsecured credit exposures in a centralized exchange.

2. Coordination and netting has received limited attention in the literature
§ McAndrews and Potter (2002) is closest to our research.

§ They study how exogenous shocks, such as the events of 9/11, affect systemwide netting, bilateral netting, and coordination in payment systems.

§ In contrast, we emphasize how marginal and total netting relate to secured and unsecured credit exposures.

§ Previous literature shows that timing of payment orders can increase collateral efficiency and make funding relatively less costly. 
§ For example, Bech and Garratt (2002); Bech (2003); Ashcraft and Duffie (2007); Kambhu, Weidman and Krishnan (2007).

§ We show that timing and coordination is related to marginal netting. 

§ We also show that there are different marginal netting effects for secured and unsecured credit exposures.

3. Our framework shows a simple link between collateral, capital requirements and liquidity
§ Previous literature also shows how the interconnectedness of participants determines credit exposures and (the probability of) contagion.

§ For example, Furfine (1999); Bech, Chapman and Garratt (2010); McAndrews and Rajan (2000); Bech and Soramäki (2002); Soramäki, et al. (2006); Merrouche and 
Schanz (2008); Bech and Garratt (2012).

§ Some of these papers employ a network approach for modeling interconnectedness. 

§ Our approach is based on a reduced form model of marginal risk contributions. 

Contributions to the Literature
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Appendix 2: Payment Systems
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§ A payments system is “a set of instruments, procedures, and rules for the transfer of funds between or 
among participants; the system includes the participants and the entity operating the arrangement” 
(BIS, 2012).

§ A large value payment system (LVPS) is “a funds transfer system that typically handles large-value and 
high-priority payments” (BIS, 2012).

§ Netting is “the offsetting of obligations between or among participants … thereby reducing the number 
and value of payments or deliveries needed to settle a set of transactions” (BIS, 2012).

§ All payments systems rely on two common functions (or stages) to transfer funds:
1. Clearing
2. Settlement

A quick introduction to payment systems
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§ Real Time Gross Settlement (RTGS) systems
§ Clearing and settlement functions occur simultaneously and on a gross basis. 
§ There is immediate transfer of settlement funds across the accounts of direct participants (DPs). 
§ Because settlement is immediate, defaults cannot occur inside the system.
§ Lack of (or limited) netting makes these systems inefficient in terms of collateral.

§ Deferred net settlement (DNS) systems
§ Messages are submitted and cleared, but settlement takes place at the end of the payments cycle.
§ Separation of clearing and settlement allows for netting of payments. 
§ Because settlement is not immediate, defaults can occur inside the system. 
§ Use of bilateral or multilateral netting increases collateral efficiency.

Common Types of Payments Systems
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1. Clearing
§ “The process of transmitting, reconciling and, in some cases, confirming transactions prior to settlement, 

potentially including the netting of transactions and the establishment of final positions for settlement.” (BIS, 
2012).

§ “Sometimes this term is also used (imprecisely) to cover settlement” (BIS, 2012).

The Clearing Function

Payment is Cleared Payment is Rejected

SWIFT 
Message

Pay 𝑗
$100

Payments Operator

Confirm.

Clearing

Reconciling
Confirming

Netting

𝒊
Payments Operator

Reject

✘

Clearing

Reconciling
Confirming

Netting

𝒊
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2. Settlement
§ “The discharge of an obligation in accordance with the terms of the underlying contract” (BIS, 2016).
§ “The release of payment obligations between two or more parties by transferring funds between them” (Bank of 

Canada, 2016).

§ Example:
§ Assume the PO clears the payment order in our previous example.
§ The PO transfers “settlement funds” (usually central bank reserves) from 𝑖 to 𝑗 to settle the obligation.

The Settlement Function

Payments Operator

Settlement

Funds are 
released

𝒋

Account
𝒊

Account
𝑗

Debit Credit

100 100
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§ Real Time Gross Settlement (RTGS) System: Clearing and settlement take place simultaneously
§ No counterparty risk
§ Might be inefficient in terms of liquidity and collateral 

§ Deferred Net Settlement (DNS) System: Clearing first and settlement at the end of a predetermined period
§ Leads to counterparty risk
§ The payments operator manages credit risk with collateral requirements and loss-sharing provisions. 

Payment Systems in a Nutshell 

Payments Operator

Confirm.

Clearing

Funds are 
released

Settlement

𝒊 𝒋
SWIFT 

Message
Pay 𝑗
$100
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A Deferred Net Settlement (DNS) System

Intraday time (𝒔)Start of 
exchange period 

(𝒔 = 𝟎)

Settlement
(𝒔 = 𝑺)

Exchange Period

𝒊

𝒊
promises 

𝒋
$100 at 
𝒔 = 𝑺

PO

Clear

Account
𝒊

Account
𝑗

Debit Credit

100 100

PO

Settle
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Netting is “the offsetting of obligations between or among participants … thereby reducing the number 
and value of payments or deliveries needed to settle a set of transactions” (BIS, 2012).

Bilateral Netting

Gross credit obligations Net credit obligations

𝒊 𝒋

𝒊
promises 

𝒋
$25 

𝒊 𝒋

𝒊
promises 

𝒋
$100 

𝒋
promises 

𝒊
$75 



46

Multilateral Netting

Gross credit obligations Possible Arrangement of
Net credit obligations

𝒊 𝒋

𝒌

𝒊
promises 

𝒋
$100

𝒋
promises 

𝒌
$75 

𝒌
promises 

𝒊
$25 

𝒊 𝒋

𝒌

𝒊
promises 

𝒋
$25

𝒊
promises 

𝒌
$50 
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Multilateral Netting

Stage 1 Stage 2

𝒊

𝒋

𝒌

𝒊 promises 𝒋
$100

𝒋 promises 𝒌
$75

𝒌 promises 𝒊
$25

Payments 
Operator 

𝒊

𝒋

𝒌

𝒊 promises 𝑷𝑶
$75

𝑷𝑶 promises 𝒋
$25

𝑷𝑶 promises 𝒌
$50

Payments 
Operator

Novation 
and Netting
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Appendix 3: Liquidity Flows and Clearing Capacity
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§ Let 𝑉𝑎𝑙9,:
;<  be the sum of the value of all payments sent from DP 𝑖 to 𝑗 up to time 𝑠 on calendar date 𝑡.

𝑽𝒂𝒍𝒕,𝒔
𝒊𝒋 = @

𝒅,𝟎

𝒔

𝑷𝒕,𝒅
𝒊𝒋

§ The net bilateral liquidity inflow of DP 𝑖 from 𝑗 up to time 𝑠 on calendar date 𝑡 is: 

𝑵𝑩𝑰𝒕,𝒔
𝒋𝒊 = 𝑽𝒂𝒍𝒕,𝒔

𝒋𝒊 −𝑽𝒂𝒍𝒕,𝒔
𝒊𝒋

§ The net multilateral liquidity inflow of DP 𝑖 up to time 𝑠 on calendar date 𝑡 is:

𝑵𝑴𝑰𝒕,𝒔𝒊 =@
𝒋0𝒊

𝑵

𝑵𝑩𝑰𝒕,𝒔
𝒋𝒊 =@

𝒋0𝒊

𝑵

𝑽𝒂𝒍𝒕,𝒔
𝒋𝒊 −𝑽𝒂𝒍𝒕,𝒔

𝒊𝒋

§ Note:
§ NMO includes all NBOs across participants.
§ A correction is needed when payment values are not continuous (i.e., payment orders cannot be partially settled).
§ Novation is needed for multilateral netting.
§ If payments are not continuous and matching is not perfect, settlement needs to happen on a gross basis. 

Liquidity Flows
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§ The clearing function and liquidity flows determine the clearing capacity of direct participants (DPs).

§ Clearing capacity:
§ The maximum order value that a payments processor would agree to clear for a DP immediately, without delays or queuing, 

given a set of risk management conditions.
§ It is a type of funding liquidity with limits and costs determined by the structure of the payment system.

§ There are two types of clearing capacity depending on the configuration of the payments system:

1. Bilateral Clearing Capacity:

𝑩𝑪𝑪𝒕,𝒔𝒊 = 𝑩𝑫𝑪𝒕,𝒔
𝒊𝒋 +𝑵𝑩𝑰𝒕,𝒔

𝒋𝒊

2. Multilateral Clearing Capacity:

𝑴𝑪𝑪𝒕,𝒔𝒊 = 𝑴𝑫𝑪𝒕,𝒔𝒊 +𝑵𝑴𝑰𝒕,𝒔𝒊

Clearing Capacity
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§ Let 𝑽𝒂𝒍𝒕,𝒔
𝒊𝒋  be the sum of the value of all payments sent from DP 𝐢 to 𝒋 up to time 𝒔 on calendar date 𝒕.

𝑉𝑎𝑙',(
)* = .

+,-

(

𝑃',+
)*

§ T1 uses full collateralization:

𝑇1𝑀𝐷𝐶',() =.
+,-

(

𝑇1𝐶',+) ×𝜓',+)

§ Where 𝜓#,%& 𝜖[0,1] is the haircut parameter.
§ T1MDC is the T1 multilateral net debit cap (also known as T1 Net Debit Cap)

§ The T1 Multilateral Clearing Capacity of 𝒊:

𝑻𝟏𝑴𝑪𝑪𝒕,𝒔𝒊 =.
𝒅>𝟎

𝒔

𝑻𝟏𝑪𝒕,𝒅
𝒊 ×𝝍𝒕,𝒅

𝒊 +.
𝒋6𝒊

𝑵

𝑻𝟏𝑽𝒂𝒍𝒕,𝒔
𝒋𝒊 − 𝑻𝟏𝑽𝒂𝒍𝒕,𝒔

𝒊𝒋

LVTS T1 Clearing Capacity



52

§ The debit caps in T2 are:
𝑇2𝐵𝐷𝐶#,'

&( = 𝐵𝐶𝐿#,'
(& and         𝑇2𝑀𝐷𝐶#,'& = ∑()&

* 𝐵𝐶𝐿#,'
(& 𝜃

§ Therefore, the clearing capacity in T2 is defined by:

𝑻𝟐𝑩𝑪𝑪𝒕,𝒔𝒊 = 𝑩𝑪𝑳𝒕,𝒔
𝒋𝒊 + 𝑻𝟐𝑽𝒂𝒍𝒕,𝒔

𝒋𝒊 −𝑻𝟐𝑽𝒂𝒍𝒕,𝒔
𝒊𝒋

𝑻𝟐𝑴𝑪𝑪𝒕,𝒔𝒊 =.
𝒋0𝒊

𝑵

𝑩𝑪𝑳𝒕,𝒔
𝒋𝒊 𝜽 +.

𝒋0𝒊

𝑵

𝑻𝟐𝑽𝒂𝒍𝒕,𝒔
𝒋𝒊 −𝑻𝟐𝑽𝒂𝒍𝒕,𝒔

𝒊𝒋

§ Notice that the collateral contribution after haircuts is

𝑇2𝐶#,%& =
𝑚𝑎𝑥𝐴𝑆𝑂#,'&

𝜓#,%
& =

𝑚𝑎𝑥 𝐵𝐶𝐿#,'
&( 𝜃

𝜓#,%
&

§ Where 𝛉 is the system-wide percentage.

§ Therefore, there is no one-to-one correspondence between collateral contribution and clearing capacity.

LVTS T2 Clearing Capacity



53

Appendix 4: LVTS
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LVTS Cycle
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Suggested Guidelines for Payment Transmissions
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Appendix 5: Data
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§ Historical LVTS data
§ All payment orders from March 1st, 2004 to December 30th, 2016. 
§ On average, 18 DPs including the Bank of Canada.

§ Important periods of exogenous variation
§ The Great Financial Crisis:

§ Pre-crisis period (March 1, 2004 to December 1, 2007)
§ Crisis period (December 2, 2007 to June 1, 2009)
§ Post-crisis period (June 2, 2009 to December 30, 2016)

§ Change in collateral policy: 
§ System wide percentage parameter from 0.24 to 0.30 on May 1, 2008.

§ Entry and exit of DPs

Summary of the data
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LVTS Participants
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Gross Payment Order Volume
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Arrival Times of Payments (CSA)

Bilateral Multilateral Systemwide
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Aggregate Daily Payment Order Values and Volumes
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Aggregate Collateral and BCLs
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Average BCL
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LVTS Participants
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Collateral and BCL by Participant Size
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Appendix 6: Empirical Results
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§ Total Bilateral Netting:

𝜂F,G
HI = 𝜂F,G

IH = 𝑚𝑖𝑛
𝑉𝑎𝑙F,G

IH

𝑉𝑎𝑙F,G
HI ,

𝑉𝑎𝑙F,G
HI

𝑉𝑎𝑙F,G
IH

§ Total Multilateral Netting:

𝜂F,GH = 𝑚𝑖𝑛
∑IJHK 𝑉𝑎𝑙F,G

IH

∑IJHK 𝑉𝑎𝑙F,G
HI ,

∑IJHK 𝑉𝑎𝑙F,G
HI

∑IJHK 𝑉𝑎𝑙F,G
IH

Total Netting (non-parametric)
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Same-tranche, cross-tranche and mixed-tranche marginal netting strategies and their perfect variations:

Marginal Netting Specification

𝐻+ : 𝑺𝒂𝒎𝒆 𝑻𝒓𝒂𝒏𝒄𝒉𝒆 𝑀𝑎𝑟𝑔𝑖𝑛𝑎𝑙 𝑁𝑒𝑡𝑡𝑖𝑛𝑔 (𝛽+ > 0 𝑎𝑛𝑑 𝛽, = 0)

𝐻+-: 𝑷𝒆𝒓𝒇𝒆𝒄𝒕 𝑺𝒂𝒎𝒆 𝑻𝒓𝒂𝒏𝒄𝒉𝒆 𝑀𝑎𝑟𝑔𝑖𝑛𝑎𝑙 𝑁𝑒𝑡𝑡𝑖𝑛𝑔 (𝛽+ = 1 𝑎𝑛𝑑 𝛽, = 0)
(H1)

𝐻, : 𝑪𝒓𝒐𝒔𝒔 𝑻𝒓𝒂𝒏𝒄𝒉𝒆 𝑀𝑎𝑟𝑔𝑖𝑛𝑎𝑙 𝑁𝑒𝑡𝑡𝑖𝑛𝑔 (𝛽+ = 0 𝑎𝑛𝑑 𝛽, > 0)

𝐻,-: 𝑷𝒆𝒓𝒇𝒆𝒄𝒕 𝑪𝒓𝒐𝒔𝒔 𝑻𝒓𝒂𝒏𝒄𝒉𝒆 𝑀𝑎𝑟𝑔𝑖𝑛𝑎𝑙 𝑁𝑒𝑡𝑡𝑖𝑛𝑔(𝛽+ = 0 𝑎𝑛𝑑 𝛽, = 1)
(H2)

𝐻. : 𝑴𝒊𝒙𝒆𝒅 𝑻𝒓𝒂𝒏𝒄𝒉𝒆 𝑀𝑎𝑟𝑔𝑖𝑛𝑎𝑙 𝑁𝑒𝑡𝑡𝑖𝑛𝑔 (𝛽+ > 0 𝑎𝑛𝑑 𝛽, > 0)

𝐻.-: 𝑷𝒆𝒓𝒇𝒆𝒄𝒕𝑴𝒊𝒙𝒆𝒅 𝑻𝒓𝒂𝒏𝒄𝒉𝒆 𝑀𝑎𝑟𝑔𝑖𝑛𝑎𝑙 𝑁𝑒𝑡𝑡𝑖𝑛𝑔 (𝛽+ + 𝛽, = 1)
(H3)
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Same Tranche Marginal Netting in T2
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§ Large banks coordinate more and 
therefore net more exposures than 
small banks
§ The gap in coordination and netting 

between large and small banks has 
increased after the GFC

§ Transactions with small banks require 
more collateral and settlement funds 
per dollar of payment order.

§ Coordination and netting incentives 
increase with risk exposures and the 
cost of funding
§ Large banks have larger risk exposures
§ Liquidity has become relatively cheaper 

after the GFC

Same-Tranche Multilateral Marginal Netting
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Same Tranche Marginal Netting in T2


