
 

 

f-  

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

Sizing liquidity buffers for 
margined derivatives 

How to manage the unexpected liquidity 
outflows for your OTC derivative portfolio  
 

Financial Risk 



 

 Sizing liquidity buffers for margined derivatives 

 
 

 
 

 

Sizing liquidity buffers for 
margined derivatives 
How to manage the unexpected liquidity 

outflows for your OTC derivative portfolio  

 

 

 

  
A comprehensive approach to measuring the liquidity risk of your OTC derivative portfolio  



3 

 

 

Introduction
Setting the scene 

The 2008 financial crisis revealed that counterparty credit risk (CCR) 

associated with OTC derivatives can be very substantial (e.g., the 

substantial CVA losses caused by US monoliners) and could no longer 

be ignored. As a consequence, the post-crisis era has seen a drive 

towards collateralisation of derivatives with the aim of significantly 

reducing counterparty credit risk and more broadly systemic risk. At 

the Pittsburgh summit in 2009, G20 leaders pledged to reform the 

OTC derivatives market, leading to more vanilla derivatives being 

centrally cleared through CCPs and the collateralisation of bilateral 

trades.  

 

This drive towards collateralisation, however, does not mean that 

derivatives portfolios are becoming risk-free. Whereas posting margin 

reduces counterparty exposures, it also leads to greater 

unpredictability in daily cash flows. Indeed, periods of high market 

volatility will lead to significant mark-to-market fluctuations in the 

derivatives portfolio, which in turn lead to greater collateral payments. 

In fact, the liquidity constraints introduced by the collateral calls on 

bilateral OTC derivatives portfolios are often considered a catalyst of 

the excessive asset volatility, deleveraging and stress observed during 

the financial crisis. Indeed, the sharp movements in the mark-to-

market value of the OTC derivative trades drained liquidity buffers 

and provoked the fire sales of assets. These fire sales further 

increased volatility and provoked still greater margin calls (Dudley, 

2012). 

 

Going forward, banks will have to monitor even more closely their 

liquidity requirements for their OTC derivatives portfolios. Whilst 

holding excessive liquidity buffers is commercially non-viable, not 

holding enough liquidity or relying on short term funding is 

detrimental. Financial institutions currently have in place 

comprehensive toolsets to monitor and manage their counterparty 

credit risk. Since the reduction in counterparty credit risk comes hand 

in hand with an increase in liquidity risks, it ought to be common 

practice for institutions to manage their liquidity in a consistent 

manner. 

 

Regulatory context 

Following the failure of many banks to safeguard themselves against 

liquidity stress during the financial crisis, the Basel Committee on 

Banking Supervision introduced two liquidity standards as part of the 

Basel III post-crisis reforms. The first such standard, the Liquidity 

Coverage Ratio (LCR), focusses on a bank’s ability to meet its short-

term obligations. The LCR determines a minimum amount of high 

quality liquid assets (HQLA) that a bank ought to hold to withstand a 

30-day stressed liquidity outflow. The second liquidity standard, the 

Net Stable Funding Ratio (NSFR), aims to reduce a bank’s reliance on 

short-term funding by imposing a minimum level of stable, longer-

term liabilities.  

 

The basis for calculating both the LCR and NSFR is a crude set of 

regulatory factors that are to be applied to a bank’s assets and 

liabilities, and off-balance sheet commitments. For the LCR, the 

factors correspond to asset haircuts and liability roll-off rates. 

Conversely, under NSFR, the factors represent a liability’s funding 

stability and an asset’s required stable funding. 

 

For collateralised derivatives portfolios, the LCR calculation requires 

banks to include in their “30-day stressed outflow” the largest 

absolute net 30-day collateral flow realised during the preceding 24 

months. This largest historical outflow aims to account for increased 

liquidity requirements related to market valuation changes and their 

resulting margin calls. The NSFR, on the other hand, requires to 

support up to 20% of the derivatives liabilities with stable funding.

Collateral illiquidity versus funding liquidity risk 

For OTC derivatives portfolios, there are primarily two types of liquidity 

risks: market illiquidity and funding requirements. The risk of market 

illiquidity plays a role when a counterparty defaults, requiring all trades 

to the defaulting party to be re-hedged with another market 

participants. The re-hedging causes additional costs, arising from 

market-to-market exposure during the so-called Margin Period of Risk 

(MPOR). A longer MPOR results in greater losses due to market 

volatility and the need for cash to re-hedge derivative positions. Given 

that this form of liquidity risk only arises when a counterparty defaults, it 

is typically incorporated in the counterparty credit risk framework (i.e. in 

the calculation of the expected positive exposure (EPE) or potential 

future exposure (PFE)). 

 

The funding liquidity risk arises as a consequence of (i) contractual cash 

outflows and (ii) collateral calls resulting from abrupt market 

movements. During periods of heightened market volatility, the funding 

liquidity requirements may be substantial and potentially create a cash 

flow problem. This article will primarily focus on funding liquidity risk. 

 

Best in class OTC derivatives liquidity management 

Whilst being a good starting point for a bank’s overall liquidity 

management, the simplicity of the LCR and NSFR means that they are 

not sufficient to appropriately manage the complex liquidity risks 

stemming from OTC derivatives portfolios. Indeed, an adequate 

liquidity risk metric ought to: 

1. reflect the current portfolio composition and associated risk 

drivers; 

2. be reactive to abrupt changes in market volatilities and their 

effects on potential future margin calls; 

3. take into account the effect of extreme market conditions that 

lead to “worst-case” liquidity outflows;  

4. provide insights into key drivers of liquidity requirements, and; 

5. forecast liquidity requirements across different time horizons (as 

opposed to a single point estimate). 

 

This article presents an OTC derivative portfolio liquidity risk framework 

that addresses the above criteria, enabling a “best in class” liquidity 

management.  
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Quantifying liquidity risk
First port of call: assessment of historical cash flows 

The most straightforward approach, and hence typically the first port 

of call, is to determine a liquidity buffer based on historically observed 

cash flows. Such an approach appears in the LCR calculation for OTC 

portfolios, where the required minimum liquidity buffer corresponds 

to the largest absolute net 30-day collateral flow realised during the 

preceding 24 months. 

 

Other liquidity metrics derived from historical cash flows include the 

“cash-flow-at-risk” approach introduced by Yan et al. (2014). Under 

this approach, one first determines a functional relationship between 

a bank’s cash flows and key market and macro-economic drivers by 

regressing against historical cash flow data. In a second step, one 

simulates joint future realisations of the macro and market variables, 

and determines in each simulation the resulting cash flow by applying 

the regression formula. This ultimately yields a cash flow distribution 

from which one then extracts a tail risk measure (e.g., a 95% or 99% 

quantile).  

 

Whenever historical cash flow data are used to quantify liquidity risks, 

one faces a trade-off between, on the one hand, sufficiently capturing 

periods of severe stress and, on the other hand, the 

representativeness of the historical portfolio. Indeed, the longer the 

calibration history, the less the historical portfolio is aligned with the 

current portfolio composition. Conversely, a shorter historical 

assessment period might not cover extreme market conditions, and 

hence lead to an underestimation of the liquidity risk. 

 

Furthermore, the relationship between cash flows stemming from 

collateralised netting sets and the underlying market movements can 

be highly non-linear. Contractual features in CSA agreements such as 

the collateralisation frequency, thresholds and downgrade triggers 

add a significant complexity to the modelling of collateral outflows, 

and can substantially impact the liquidity requirements. A historical 

approach to quantifying liquidity risk is likely to be unable to 

accurately capture the effects of such contractual features (at least 

not under stressed market conditions). 

 

A structural, reactive liquidity risk framework 

In this article, we present a structural approach for estimating liquidity 

risk that, in contrast to the “historical” approaches, explicitly simulates 

netting-set level cash flows and collateral exchanges, taking into 

account the relevant CSA features (e.g., thresholds, frequency, etc.).  

 

The core idea behind the structural liquidity framework is a Monte 

Carlo simulation that generates a range of future liquidity profiles at 

the netting-set level. The approach is truly “bottom-up” in its nature; 

the stochasticity is introduced at the level of the portfolio-risk factors 

and the subsequent liquidity profiles are obtained by explicitly 

modelling the mark-to-market changes and subsequent (collateral 

and contractual) cash flow exchanges for each netting-set. More 

precisely, within each iteration of the Monte Carlo simulation, one 

applies the following steps: 

                                                 
1 Alternatively, one could obtain the profiles by sampling risk-factor returns 

from calibrated (or historical) marginal distributions and imposing a 

correlation structure. 

1. Firstly, one simulates future (joint) realisations of the portfolio’s 

underlying risk factors for each future point in time. In our 

implementation, this is achieved by jointly simulating the 

underlyings using stochastic processes (e.g., Black Scholes, Black, 

SABR, Heston, etc.).1  

2. Conditional on the realisation of the future risk factors profiles, 

one determines the future market values for each trade in the 

portfolio. 

3. For each netting set and for each future point in time, one 

determines the aggregate mark-to-market. Then, one applies the 

netting-set level collateral flows, depending on the relevant 

margin rules (e.g., frequency, threshold, etc.).  

 

In each simulation, one stores the cumulative portfolio-level cash flow 

profiles. The “worst-case” liquidity profile then corresponds to a “worst 

case” (e.g., 97.5%) quantile of these profiles across the different 

simulations. 

 

 
 

The resulting liquidity metric that satisfies the following characteristics: 

1. The liquidity profiles are fully reflective of the current portfolio 

composition. 

2. The “bottom-up” approach explicitly takes into account the 

netting-set characteristics, and is able to capture the effect of 

market changes on margin requirements. 

3. By introducing the stochasticity at the risk-factor level, one is able 

to capture the effects of extreme market conditions. 

4. The resulting “worst-case” liquidity profile allows for liquidity 

requirements setting across multiple time horizons.   
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Practical Implementation 
Leveraging the existing CCR infrastructure 

Building a “bottom-up” engine purely for liquidity risk purposes, may 

seem a bit of a stretch. Many financial institutions, however, already have 

in place a calculation engine for CCR exposures (for either pricing CVA or 

risk purposes) that, with some minor adjustments, could generate the 

desired liquidity metrics. Indeed, CCR engines typically simulate trade-

level mark-to-market fluctuations, and subsequently apply netting-set 

margining (taking into account CSA specificities) to determine the net 

exposure to a counterparty. Aggregation across the different Monte Carlo 

scenarios then yields the relevant quantities such as the expected positive 

exposure (EPE) and the potential future exposure (PFE). In order to 

accommodate the liquidity profiles, the CCR infrastructure would hence 

only need to be marginally enhanced by calculating and storing the 

collateral and contractual cash flow exchanges. A further benefit of 

enhancing a CCR engine to incorporate the liquidity metrics is that it 

enables a consistent assessment of liquidity and counterparty credit risks. 

 

CCR frameworks at derivatives dealers typically consist of highly complex 

calculation engines, the development of which requires capabilities across 

many areas including: 

 Efficient Monte Carlo simulation; 

 Risk factor generation (including correlation frameworks); 

 Derivative pricing across multiple asset classes; and, 

 Margin rules across different types of CSA agreements. 

In addition to the implementation and maintenance costs of the CCR 

engines, the sheer size of the Monte Carlo simulation comes at a 

computational expense. 

 

Deloitte tool 

Deloitte has developed an integrated OTC derivative solution that 

derives the relevant exposure profiles as well as liquidity metrics for 

portfolios spanning a wide range of different product classes. The 

tool provides a unified framework with a simultaneous full portfolio 

revaluation, allowing for a consistent derivation of all relevant risk 

metrics: 

 Counterparty Credit Risk: expected positive exposure (EPE), 

potential future exposure (PFE) 

 Liquidity Risk: expected cash flow profile, worst-case cash-

flows 

 Common XVAs: CVA, DVA, FVA 

 

Metrics and management 
Liquidity risk as a funding cost 

A key component of efficient risk management is the quantification of 

risks as a cost. One metric of interest is the Potential Liquidity Cost 

(PLC), which measures the funding costs resulting from the portfolio’s 

liquidity requirements over a 1-year time horizon (analogous to the time 

horizon considered for the regulatory NSFR metric). The PLC is metric 

given by: 

 

𝑃𝐿𝐶 = ∫ 𝑃𝐹𝐶𝐹 ⋅ 𝐹𝑢𝑛𝑑𝑖𝑛𝑔 𝑆𝑝𝑟𝑒𝑎𝑑Stressed ⋅ d𝑡
1 year

0

 

 

Here PFCF stands for the Potential Future Cash Flow, which is the 

“worst-case” cash flow profile (at a given confidence level / quantile), 

and takes into account the various netting-set characteristics (margining 

frequency, threshold, etc.). The stressed funding spread reflects an 

estimate of the entity’s own funding spread over the risk-free rate in a 

conceivable stress scenario.  

 

The PLC metric can be calculated either at the bank’s entire portfolio 

level, or for a single netting set. In the latter case, the PLC metric can 

help assess the potential additional liquidity requirement that a specific 

CSA creates with respect to an uncollateralised transaction, and hence 

enables an institution to weigh the benefits of collateralisation against 

its costs. As an illustration, the section below discusses the impact of 

collateralisation on a portfolio consisting of a single netting set 

containing a simple swap. 

 

Trade-off: Counterparty Credit Risk versus Liquidity Risk 

As described in the introduction, since the 2008 financial crisis there has 

been a shift towards collateralised trades leading to a reduction in 

Expected Positive Exposure (EPE) and hence lower CVAs. However, this 

reduction comes at the expense of an increased liquidity requirement. 

In particular, institutions without access to sufficient liquidity funds 

should carefully assess whether collateralising is overall beneficial for 

their specific needs.  

 

In order to demonstrate the balance between exposure and liquidity 

needs, we look at a simple portfolio consisting of a single swap in two 

different cases: non-collateralised versus fully collateralised (daily re-

margining with zero threshold and minimum transfer amount). Figure 1 

shows the Potential Future Exposure (PFE), a stressed quantile of the 

exposures, alongside the PFCF for cases. 

 

As the trade evolves, the uncollateralised swap (shown in green) 

continuously builds up its PFE and only experiences reductions in PFE 

upon contractual cash flow payments. On the other hand, the 

collateralised swap essentially has a zero PFE throughout the trade’s 

lifetime at the expense of facing a front loaded cash flow PFCF 

requirement arising from collateral exchanges. Essentially, the reduction 

in exposures comes at an increased funding need during the netting 

set’s lifetime.  
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Figure 1: Potential future exposure (PFE) and potential future cash 

flow (PFCF) for the exact same swaps. The difference in PFE and 

PFCF curves arises due to the CSA agreement. 

After the swap’s expiry, in this case 1.4 years, the PFE for the cases with 

and without a CSA agreement converge to zero. Additionally, the 

PFCFs  also converge to the same amount. The example above can be 

extended to more generic netting-sets: CSAs will typically decrease 

EPE, PFE and CVAs at the cost of increased liquidity requirements. This 

idea is illustrated in the diagram below: 

 

 

Case study 
In this case study, we consider an institution with a simple OTC 

derivatives portfolio consisting of a single netting set. The entity under 

consideration has two options regarding their OTC derivatives portfolio: 

1) entering into a CSA agreement whereby collaterals are exchanged 

according to a pre-specified periodicity (daily, weekly, or monthly); 

or, 

2) not entering into a CSA arrangement, resulting in an 

uncollateralised portfolio. 

 
As previously discussed, collateralisation leads to a reduction in 

counterparty credit risk (equivalently in CVA) at the cost of increased 

liquidity requirements. Hence, an institution can opt to enter into a CSA 

agreement based on the expected benefits arising from the reduction in 

CVA as long as it is able to the liquidity demands arising from Mark-to-

Market (MtM) changes. For this case study, we consider the following 

netting-set composition 

 
Product Underlying Notional 

[mCHF] 
Expiry  

[years] 

Forward  S&P 500 -0.0002 0.5 

Forward S&P 500 0.0002 0.65 

IR cap 6M Libor 750 1.75 

IR floor 6M Libor -750 1.75 

IR swap  3M Libor -3000 1.5 

IR swap 6M Libor 3100 1.5 

Table 1: List of derivative contracts in the simulated netting set. 

The netting set under consideration has a lifetime of 1.75 years and has a 

net long interest rate exposure. The long and short S&P 500 forward 

exposures have the same notional and a slight maturity mismatch 

corresponding to 0.15 years, resulting in a partial hedge. Also leading to 

a partial hedge are the long and short IR swap positions since they expire 

in the same date and have a notional difference under 4%.  

 

We assess the liquidity requirements under four different collateralisation 

agreements ranging from no CSA agreement at all (i.e. uncollateralised) 

to a CSA contract enforcing daily collateral exchange. Specifically, each 

case is described below and in Table 2:  

 

 Case 1: No CSA agreement, namely the trade is 

uncollateralised.  

 Case 2: CSA agreement with monthly re-margining without a 

Threshold (TH) and Minimum Transfer Amount (MTA). Monthly 

(20 business days) re-margining is more common among 

corporate clients. 

 Case 3: CSA agreement with daily re-margining with a 

threshold of 2.0 MCHF without a minimum transfer amount. 

This CSA agreement is analogous to a Lombard loan whereby 

the client is monitored daily and only required to post collateral 

upon breaching a pre-defined threshold. 

 Case 4: CSA agreement with daily re-margining without a 

threshold or minimum transfer amount. 

 
Case # Threshold  

[M CHF] 
MTA 

[M CHF] 
Period  

[days] 

Case 1 uncollat. uncollat. uncollat. 

Case 2 0.0 0.0 20 

Case 3 2.0 0.0 1 

Case 4 0.0 0.0 1 

Table 2: Collateralisation agreement under each CSA. 
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Impact of margining on liquidity requirements 

The figures below compare two key risk metrics: (i) the Potential 

Future Exposure (PFE), used to measure the counterparty credit risk, 

and (ii) the Potential Future Cash Flow (PFCF), reflecting the liquidity 

requirements. Both quantities represent stressed metrics, measured at 

a particular confidence level, in this case the 90th quantile. Figure 2 

and Figure 3 assess the impact of different collateralisation 

agreements on the portfolio’s PFE and PFCF respectively. 

 
Figure 2: Cases 2, 3 and 4 are collateralised, thereby resulting in a 

reduction in Potential Future Exposure (PFE) at the collateralisation 

dates. Case 1, however, is uncollateralised leading to a build-up of 

the PFE. 

 

 
Figure 3: Effect of margining and collateralisation threshold on the 

Potential Future Cash Flow (PFCF) profile.  

Figure 2 shows that Case 1 (no collateralisation) experiences the 

greatest PFE over the netting set’s lifetime, precisely as a result of no 

collateralisation. At the other extreme, Case 4 (daily re-margining with 

zero threshold and MTA) has a zero PFE2. The PFE of Case 2 (monthly 

re-margining with zero threshold an MTA) increases throughout each 

month until collateral is exchanged, at which point the PFE drops back 

to zero.  The 3rd case, is margined daily however, has a TH of 2.0 

mCHF. In practice, whenever the exposure is above 2.0 MCHF the 

entity posts collateral up until the threshold amount, resulting in the 

flat PFE profile at 2.0 mCHF.  

 

The PFCF profiles in Figure 3 exhibit the opposite story. Although Case 

1 had the largest PFE, its cash flow requirements are the least and only 

occur on contractual cash flow payment dates. From a liquidity 

management perspective, this means that the timing and to a certain 

extent also the magnitude of the cash outflow can be anticipated. On 

the other hand, Case 4, has a front-loaded PFCF curve indicating that 

the institution will have to make substantial up-front collateral 

                                                 
2 Within this case study we have set MPOR to 0 days. 

3 In our illustrative example, we have set MPOR to zero for simplicity. 

payments, covering the collateral outflows early-on. Figure 3 illustrates 

nicely how collateralised netting sets require sufficient funding liquidity 

sources. Case 2, with monthly re-margining period, has the zig-zag 

behaviour, characteristic of the monthly re-margining. The PFCF’s of Case 

2 coincides with that of Case 4 at every monthly collateralisation date 

since both CSA agreements a zero threshold and MTA. Finally, although 

Case 3 is re-margined daily, the large threshold reduces the collateral 

exchanges to only occasions. Consequently, its PFCF requirements lie 

between Case 1 (no CSA) and Cases 3 and 4.  

 

To highlight the trade-off between counterparty credit risk and funding 

liquidity requirements, the four cases are compared in terms of their 

Potential Liquidity Cost (PLC) and CVA charge. It is important to note that 

the CVA corresponds to an expected quantity, whereas the PLC is a 

“worst-case” metric, corresponding to a specific quantile (in our case 

90%). 

 

Figure 4 and Figure 5 below show respectively the CVA charges and PLC 

for the different collateralisation approaches. Case 1 (uncollateralised) has 

the lowest PLC yet incurs the greatest CVA risk charge. Case 4, on the 

other hand has the largest PLC and essentially a zero CVA charge3. 

Compared to the daily collateralisation, the monthly collateralisation in 

Case 2 exhibits only a slightly lower PLC yet a significant increase in CVA. 

Finally, Case 3 has a substantial CVA charge due to by its large threshold.  

 

 

 
Figure 4: CVA risk charge for an uncollateralised netting set (Case 1) 

and various types of collateralisation agreements (remaining cases).  

 
Figure 5: Potential liquidity need for all cases considered over a 1-year 

time horizon. 
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Conclusion 
Over the last decade, the drive towards collateralisation of OTC 

derivative trades has significantly reduced counterparty credit risk. 

The benefits reaped from the decrease in counterparty exposures, 

however, lead to an increase funding liquidity requirements and 

introduce challenges from a liquidity management perspective. The 

liquidity risks associated to collateralisation already surfaced during 

the financial crisis, where the margin calls on bilateral OTC derivatives 

portfolios drained liquidity buffers and provoked the fire sales of 

assets. These fire sales further increased volatility and provoked still 

greater margin calls. Effective OTC derivatives risk management relies 

on an accurately balancing CCR and funding liquidity risk. 

 

As part of post-crisis reforms, Basel III introduced two liquidity 

metrics, namely LCR and NSFR, to identify potential liquidity 

weaknesses. Both metrics are backward looking and do not account 

for the market outlook, asset volatility, and portfolio composition. To 

this end, Deloitte has developed a forward-looking tool capable of 

computing liquidity profiles alongside counterparty credit risk metrics, 

incorporating current market parameters as well as product and 

netting-set level specificities.  

 

The case study illustrates how different types of collateralisation 

agreements can affect a portfolio’s liquidity requirements. Most 

notably, one sees clearly how the collateralisation of netting-sets 

pushes forward the “worst-case” cash flow profiles, leading to an 

increased liquidity risk. Furthermore, the case study exhibits nicely the 

trade-off between counterparty credit exposure and liquidity risk.  

 

In a period of low volatility and low interest rates many market 

participants have access to sufficiently deep liquidity pockets. At a 

time of greater market turbulence, the costs to liquidity access might 

increase shifting the balance of risks away from CCR to funding 

liquidity considerations.  

 

Going forward, banks will have to monitor even more closely their 

liquidity requirements for their OTC derivatives portfolios. Financial 

institutions currently have in place comprehensive toolsets to monitor 

and manage their counterparty credit risk. We recommend that they 

also include liquidity metrics into these frameworks, and manage CCR 

and liquidity risks consistently. 
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