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Executive Summary
Collateral management is a crucial activity in the financial industry. The author
introduces a framework to analyse the supply and the demand of collateral
internally originated by the banking activity, the tools to manage both and the
targets that should be aimed at.
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Antonio Castagna

W

e start by giving our definitions for the collateralisation of a contract and for the collateral.
Definition 0.1. We define collateralisation the liquidation of the negative Net Present Value
(NPV) of a contract from one party to the other, for whom the NPV is specularly positive. The
liquidation can be total (100% of the negative NPV is liquidated to the other party), or partial (only a fraction
of the NPV is liquidated).
Definition
a
When a 0.1.
financial
contract provides for the execution of the obligations to be performed, by one
or both parties, on a single future date or several future dates, then one or both parties are exposed
to the counterparty credit risk. This is the risk that the counterparty defaults and the contract
has a positive NPV to the survival party. The NPV is the expected net present value of the future
obligations stipulated in the contract. This is the typical situation for OTC derivative contracts.
The collateralisation anticipates the realisation of the net present value of the future obligations
by the liquidation of the NPV to the party for whom it is positive, so that, in case of couterparty’s
default, the surviving party is able to replace it by entering in an equivalent contract with another
counterparty, suffering a limited (possibly nil) loss depending on the fraction of the NPV on default
that has been already liquidated by the defaulting party. Hence, collateralisation is one of the
possible counterparty credit risk mitigation techniques.
The liquidation is in practice operated by posting collateral, which we are going to define as
follows:
Definition 0.2. Collateral is the form in which the NPV is liquidated in the collateralisation process. It can
be in cash or in some other liquid assets that have to fulfill a set of predefined requirements so that they can be
considered “eligible”. Cash is the simplest and most certain form of liquidation; when eligible assets are posted
as collateral, rules to convert them in cash equivalent are employed (e.g.: haircuts).
The reference to “liquidation” immediately suggests that the collateralisation activity is tightly
linked to the liquidity management of a bank: this is true for at least two reasons. Firstly, the
bank can receive or deliver cash (or alternatively liquid eligible assets) due to the collateralisation
agreements, so it has the problem to effectively invest or re-use the incoming liquidity (if this is
possible, as we will see below), or to fund the outgoing liquidity. Secondly, the collateralisation
strongly affects the liquidity policy of the bank and the set up of the counterbalancing capacity by
means of the liquidity buffer.
As explained in Castagna and Fede [9], ch. 7, one of the three causes of the necessity to build a
liquidity buffer is the collateralisation activity; depending on the existing collateralised contracts and
portfolios, the expected (or even unexpected, as shown below) future needs for collateral posting
imply a suitable amount of cash and other liquid assets to be held. Beyond in a trivial fashion cash,
these assets coincide most of times with the eligible assets that can be delivered, as provided for in
the collateral agreements. Hence the liquidity buffer, in its dimension and qualitative composition,
is affected by the existing collateral agreements. On a broader scale, the links between collateral on
the one hand, and the liquidity and funding on the other hand, will hopefully be clearer at the end
of the article after the discussion and the analysis we will present.
Following the definitions and the considerations above, the collateral management can be defined
as follows:
www.iasonltd.com
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Definition 0.3. The collateral management is the optimal management of the collateralisation activity in
terms of reduction of credit exposures, funding costs, liquidity and market risks, across the entire banking
activity, i.e.: all products and business units.
This definition refers only the front-office aspect of collateral management, which is also the
“modern” aspect not particularly important in the past. Actually, the collateral management used
to be mainly a mid- and back-office activity, with a faint attention to the economic and financial
effects on the more general banking activity; it used to focus only on the operational, execution,
documentation and legal aspects. Obviously all of them are still part of the collateral management
also today, but the attention on the costs, the risks and more generally the economic repercussions
of the collateralisation activity is definitely a new perspective started only in the last few years.
This article provides a general overview of the collateral and of the collateralisation according
to said “modern” point of view: after a brief discussion of systemic issues related to collateral,
we introduce a general framework to analyse the bank internal demand and supply of collateral.
Then we dwell on some of the components of the framework, which also are the main tools for
the front-office to manage properly the collateralisation activity. The final part is devoted to the
organisational changes that the “modern” collateral management implies.

1.

Aggregated Supply and Demand for Collateral

The main focus of this work is not the study of the systemic mechanics and risks related to collateral
operations. In any case, before analysing the bank’s internal supply and demand of collateral, it is
worth having a quick look on the factors affecting the aggregated supply and demand of collateral
at a systemic level.
1.1 Aggregated Demand for Collateral
The current financial environment is experiencing an increase of the demand for collateral mainly
due to three factors:
• There is a constant shift from unsecured to secured funding, mainly driven by updated and
refined risk evaluation models, economic capital assessment, and a general deleveraging in
the financial industry;
• Centrally cleared and bilaterally margined derivative contracts require more initial and
variations margin;
• The new international regulation Basel III and, in Europe, the directive CRR/CRD IV, are
raising the requirements for the amount of liquid assets that banks must hold on their balance
sheets.
It should be stressed the the increased demand for eligible assets due to the international and
European regulation are not strictly originated by requests to post collateral by counterparties.
The regulations pose constraints for the banks on the minimum amounts of cash and high quality
liquid assets to hold (liquidity buffer): these assets can possibly be used as collateral when required
by counterparties or by the terms of the contracts in any case. But they can also be sitting in the
liquidity buffer and never be posted in collateral since the bank could never have to match requests
to post collateral.
The increase of the collateral demand was estimated between $100 billion and $4 trillion,
depending on the different studies conducted by international organisations, consulting companies
and banks.1
1 For a quick overview of the several estimations made by different organisations, see the ICMA report authored by Hill
[12].
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1.2 Aggregated Supply for Collateral
The aggregates supply is basically provided by the issuers of eligible assets. They are:
• Governments and supra-national entities;
• Corporates.
Clearly, where it can be assumed in most cases that governments’ and supra-national entities’
issuance are characterised by high credit quality and by a liquid secondary market, it is less obvious
that corporate bonds and stocks have these features, so that only a limited number of private
issuers can actually provide eligible assets to the market, and they are very likely backed up by a
government guarantee.
The supply does not depend only on the total outstanding amount of eligible assets, but it mainly
depends on the amount actually offered to the market by the holders, so that the use as collateral is
possible. If holders of the eligible assets are not keen to supply them to the market, due to a variety
of reasons that we will shortly see, then the actual supply is much smaller than their outstanding
amount. So the total outstanding amount of eligible assets represents only a theoretical limit, but
this limit can be broken in any case (even if the total amount is not actively traded), since the same
asset can be used more times as collateral every time the re-hypothecation is allowed. Then we need
to introduce the velocity of collateral, which is somehow strictly linked to the supply of collateral.
1.3 Aggregated Velocity of Collateral
The concept of velocity of collateral was analysed by Singh [13]. He defined the velocity of collateral
as the ratio of the total collateral posted (PC) during a given period, to the primary sources of
collateral (SC):
PC
VC =
(1)
SC
According to Singh’s estimations, the ratio moved from a level of 3 in 2007 to 2.4 in the end of 2010.
This decline can be explained by two factors: the increase of collateral haircuts and the general
deleveraging of the financial systems.2 In more detail, the velocity of collateral is affected by several
factors:
• The infrastructure (or, plumbing, to stress the fact that we talking about liquidity): limitations
in the settlements, lack of standardisation and poor tri-party operations hinder the velocity;
• Well organised and efficient Funding/Treasury desks in banks increase the collateral velocity,
via market-making, asset lending, collateral transformation;
• International/national regulations may create incentives or disincentives to increased velocity,
e.g.: higher liquidity buffers inhibit the circulation of eligible assets that will be sought to
match regulatory ratios;
• Monetary authorities’ policy can be positive for velocity of collateral, e.g.: Federal Reserve’s
Reverse Repo Program (RRP) and Bank of England’s Special Liquidity Scheme (SLS).
Once the velocity of collateral is considered, the supply of collateral (AS) is given by the actual
supply of assets that can be used as collateral (ACS) times the velocity of supply (VC): this has to
match the demand for collateral (CD):
CD = AS =) CD = ACS ⇥ VC
Hence, the total aggregated supply of collateral crucially depends on the velocity.3 Given an increase
of the aggregated demand for collateral, a fixed aggregated (actual) supply can be compensated by
a higher collateral velocity. We can safely affirm that, starting from now and surely in the future,
the collateral velocity will play the main role in ensuring a smooth working of the financial markets.
2 For

more details, see Singh [13].
the above mentioned ICMA paper, Hill [12] prefers to use the term fluidity, instead of velocity. The two quantities
clearly are the same: for a thorough discussion of all the factors affecting the velocity (or fluidity) of collateral, we refer to
Hill [12].
3 In

www.iasonltd.com

7

Research Paper Series

FIGURE 1: Integrated Collateral Management System.

2.

Towards an Integrated Collateral Management

The evolution of collateral management from a legal and operational process, has required financial
institutions, mainly banks, to raise their awareness of the need for an Integrated Collateral Management (ICM). The areas that are involved in the process of designing and implementing an ICM
process are essentially: IT Infrastructure, Risk Management Analytics, and Organisation. In Figure 1
we summarize the main problems for each of the areas.
The technological infrastructure must be able to directly connect to the CCPs (or to Clearing
Brokers in case of indirect clearing), and, possibly, with any counterparties with which the bank has
a CSA agreement. The above is the minimal structure necessary to automate:
• Margin calls (mainly of cleared transactions) on a daily basis;
• Reconcile changes in value of collateralised contracts;
• Pledge, receive and segregate collateral;
Obviously the integration of the ICM with other existing internal systems that will deliver
relevant information is required to work seamlessly. In particular, the creation of central repositories
of collateralisation agreements (i.e.: the contractual terms defining how collateral must be exchanged)
and of the corresponding the directories of eligible assets, are essential for achieving ICM.
Closely related to the technology aspect is the methodological one: the value change of collateralised transactions and the consequent reconciliation and exchange of collateral are possible only
relying onto precise and validated valuation models. Furthermore, new metrics must take into
account the collateral value. In fact, in addition to Counterparty Credit Value Adjustment (CVA),
which measures the expected losses originated by the credit risk of the counterparty (accounting for
the risk mitigation by the collateral), other measures such as the Liquidity Value Adjustment (LVA),
which takes account of the difference in performance between the collateral and a risk-free security
and the Funding Value Adjustment (FVA), which incorporates the cost of funding, inclusive of the
collateral cost, will be the new metrics to consider when valuing primary and derivative contracts
and manage their risk.4
Conversely, whenever the collateral is represented by securities, a bank must have models that
value such security, also simulating its future value inclusive of the haircuts.5 Both aspects, within
4 See Castagna [7] and Castagna and Fede [9] for a discussion of how these adjustments have to be included in the
valuation of a derivative contracts. For a thorough formal treatment, see also Brigo, Morini and Pallavicini [4], even if we
do not fully agree with all the adjustments they consider, namely the DVA. For the definition of relevant adjustments, see
Castagna [8].
5 We will discuss about this in more details below.
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FIGURE 2: The building blocks of the Integrated Collateral Management.

the ICM paradigm, should be integrated in order to forecast (as an expected, or stressed, value) the
need for collateral, thus allowing the design of strategies for locating it. It implies therefore the
creation of tools for margin simulations (initial and variation) for cleared and bilateral transactions.
The ultimate goal is to optimise collateralisation, subject to the constraints applied by the main
variables involved (funding cost, haircut, asset volatility, evolution of supply and demand for
collateral, etc.). The ability to use a wide range of assets to manage liquidity and to cover margin
calls on derivatives, originates from the margining requirements for both, transactions cleared
through a CCP and bilateral transactions, in addition to the capital charges imposed by the Basel
III regulatory framework. Collateral held towards OTC derivatives transactions is very likely to
increase in near future. In this scenario, there will be a significant reduction in the availability of
"eligible" securities in the face of a significant increase in the cost of raising them.
Collateral transformation6 will become then a key strategy for banks. In fact, Market Makers and
Institutional Clients will be required to hold a significant buffer of collateral to meet margining
demands, both as initial margin (IM) and as variation margin (VM). There follows that also
collateral optimisation will become a significant strategic activity. As the cost of the collateral will
increase, collateral management and its optimisation will be the guiding criterion for efficiency.
Those banks that can efficiently manage cleared and bilateral margining will enjoy a significant
competitive advantage. On top of this shakeup of the technology infrastructure and methodology
policies, there must be a full revision of the bank organisation. In other words, another integration
must take place within the departments involved in the collateral management: Treasury Department,
Risk Control, Legal and Back Office.
It seems straightforward to think that, in the design of a new organisational model identifying
responsibilities, the pledging activity should be the responsibility of the Front Office. We outline
here two possibilities, although not necessarily alternative and non-exhaustive:
• Responsibility assigned to the existing Treasury or Repo Desk, in both cases by extending the
job description by virtue of the new ICM;
• Creation of a Collateral Management Desk, with a job description defined in the ICM, and
with a strong emphasis on collateral management skills.
The first option plays on the efficiency of such choice as it simply extend activities already carried
out by the departments and the ability to leverage on the clear interdependence of ICM with liquidity
and funding management and Repo transactions. However, despite these advantages, the second
6 We

will analyse later on collateral transformation strategies.
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solution allows for the creation of a department that has a precise focus on collateral management
and the necessary skills in order to achieve an effective collateral management optimisation. In any
case, it will be a desk with strong ties to the Treasury and Repo Desk. Actually, if we mean with
Treasury the desk that manages the liquidity and the funding of the bank, then we strongly support
the set-up of a new macro-desk, the Treasury, which includes the Repo, Collateral Management and
Funding Desks: we will dwell more on this in the last part of this work.
The Back Office will be certainly affected by the change due to an increase in the number of
collateral exchanges and the Legal Department will be likely required to advise on a growing
number of disputes in valuations and assessments. Risk Control/Management, to a different degree,
will have to monitor credit exposures, the valuation of the collateral mitigating the credit risk,
the cost of funding and in general costs related to locating and segregating the collateral. Also,
aspects related to the liquidity of the bank will be measured and controlled in the context of
collateralisation. Finally, a dramatic increase of transactions will translate into higher operational
risks (and consequent monitoring).
Last, but not least, banks should design a system of internal transfer pricing for collateral,
to supplement existing systems, allowing for a proper allocation of costs among the relevant
departments. FVA and the LVA should constitute the essential tools for the design of such a system
of internal transfer pricing.

3.

The Structure of the ICM

The building blocks of the ICM are shown in Figure 2. In short, one has to consider, on the one hand,
the supply and, on the other hand, the demand of collateral, both produced internally by the bank’s
activity. Hence, we are not talking here of the systemic supply of collateral, in terms of available
eligible assets and their liquidity in the market; nor are we analysing here which are the causes
for a global variations of collateral demand: both systemic demand and supply were examined in
the previous dedicated chapters. In this section, we are rather interested in understanding which
are the causes strictly related to the bank’s activity, which induce a demand of collateral by bank’s
counterparties; and we are also interested in studying how this demand can be fulfilled by the
internal ability of the bank to generate a sufficient supply of collateral.
3.1 Internal Demand for Collateral
The demand for collateral for a single bank is originated by:
• The collateral agreements embedded within typically derivative, but not only, contracts;
• The collateral requests for received loans;
• Collateral for asset backed securities.
Clearly not all the causes of collateral require the same type of collateral. If collateral for contracts
can be posted in cash and High Quality Liquid Assets (HQLA), the collateral for asset backed
security can be made also of illiquid bank assets, such as mortgages.
3.2 Internal Supply of Collateral
The internal supply of collateral is made of the total amount of eligible assets, owned by the bank
with different possible titles. In more detail, we can identify the following sources providing
collateral to the bank:
• Assets’ purchases;
• Reverse repurchase agreements (repo);
• Buy/sell back agreements;
• Collateral (or liquidity) swaps;
10
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Time
0
0.01
0.25
0.75
1.25
1.75
2

Operation
Buy
Settlement
Repo
End Repo
Rev. Repo
End Rev. Repo
Coupon+Reimb

Collateral
TSAA
Value
1,000,000
500,000
1,000,000
1,500,000
1,000,000
-

848,938
424,469
849,363
1,274,044
849,788

Price
99.85
99.85
99.85
99.90
99.90
99.95
100.00

Hair-cut
15 %
15 %
15 %
15 %
15 %
15 %
15 %

TABLE 1: An Example of TSAA for a bond.

• Security borrowing;
• Received collateral by other counterparties, if re-hypothecation is allowed.
Assets purchased by the bank can belong to the different portfolios (trading, banking book,
available for sale (AFS)). The important feature they need to have is being unencumbered, which
means that they have not been pledged yet for collateral purposes; moreover, eligible assets are
usually, but not necessarily, issued by an issuer with excellent or good credit standard and they
are actively traded in a liquid market. Purchased assets are the only source linked to the existing
balance sheet: they can be immediately used to match collateral requests by counterparties and
no operation is needed other than pledging the available security that is accepted for collateral
purposes.
Assets can be also received via reverse repo or buy/sell back agreements, via security borrowing
and, finally, via collateral swaps: these are the main collateral management market instruments.7 In
all these cases, eligible assets are not already present in the balance sheet of the bank, but they are
added on it by closing one or more of the mentioned contracts, which all allow the re-hypothecation
of the assets by the party that receives them.
Another form of supply is the collateral received by counterparties with which the bank closed
contracts providing for some form of initial and/or variation margining. In these cases, the collateral
has to be re-hypothecable according to contracts’ terms.
A monitoring and management tool is linked to each of the two elements of the ICM. In more
detail, the collateral supply is monitored by the Term Structure of Available Assets (TSAA),8 and
the collateral demand is managed by the Allocation Tools (AT). We will examine them below.
3.3 The Term Structure of Available Assets
The Term Structure of Available Assets (TSAA) shows the amount of a security (and, on an
aggregated basis, of all the securities) available for collateral purposes and the corresponding
collateral value on each date within a predefined time horizon. The TSAA can be seen as an
enhanced eligible asset inventory, since it does not only record all the available eligible assets in
the balance sheet at present time, but it also keeps track of all the movements during the specified
horizon, and it assigns a value and a haircut to each asset for each date within said horizon, so as
to assess its value as collateral. As such, the TSAA cannot be considered just as database: it relies
also on modelling tools besides a capillary monitoring of the trades of several desks, which may
produce a variation in the available eligible assets.
In more detail, the TSAA is affected in several ways by the following operations:
• Asset’s purchase and sale: TSAA is affected by a purchase, since it records an increase of the
security for the amount bought. When the asset expires, the TSAA records a reduction to zero
of its availability, since it does not exist anymore. During the life of the asset, the availability is
affected by the total or partial selling of the position.
7 These market instruments deserve a detailed analysis of their own, which cannot be included within the scope of the
present article and which will be left to future research.
8 A thorough treatment of the TSAA, is in chapter 6 of Castagna and Fede [9].

www.iasonltd.com

11

Research Paper Series
• Utilisation as collateral: when the asset is delivered to match collateral request from a counterparty, the TSAA records a reduction for a corresponding amount. If an asset is received by the
bank as collateral from a counterparty, and if re-hypothecation (or, more in general, re-use) is
allowed, then the TSAA records an increase for the corresponding amount.
• Repo and Reverese Repo: The TSAA of the asset is reduced for an amount equal to the notional
of the repo agreement. When the asset is repurchased, the TSAA records an increase of the
available amont to the level before the start of the contract. In a reverse repo, at the start
of the agreement the bank receives the asset, which can be used as collateral by for other
transactions until the end of the agreement, when the obligation that it has to be returned to
the counteparty has to be honoured by the bank. The TSAA of the asset is increased for an
amount equal to the notional of the reverse repo agreement until the end of the contract, and
then TSAA changes accordingly to the use as collateral the bank may decide to make.
• Sell/buy back and Buy/sell back: similarly to a repo transaction, the TSAA of the underlying
asset is decreased for an amount equal to the notional of the sell/buy back contract. Sell/buy
back transactions produce a commitment for the bank at the end of the contract, so that the
amount of the asset comes back to its starting level after the asset is repurchased. In a buy/sell
back, similarly to a reverse repo transaction, the TSAA of the asset is increased for an amount
equal to the notional of the buy/sell back agreement; the asset can be re-used as collateral,
thus modifying further the TSAA. At the end of the contract, the TSAA record a reduction in
the asset’s amount.
• Security lending and borrowing: similarly to a sell/buy back transaction in terms of exchange
of the asset, in a security lending the TSAA of the asset is decreased for an amount equal to
the notional, since the bank cannot use it as collateral or sell it until the expiry. Conversely,
and similarly to a buy/sell back transaction, in a security borrowing the TSAA of the asset is
increased for an amount equal to the notional, since the bank can use it as collateral, until the
expiry of the contract, hence producing additional modifications of the TSAA.
• Collateral (Liquidity) swap: the TSAA records either an increase of the amount of the “upgrade”
asset against a decrease of the amount in the TSAA of the lower quality asset; or, if the lower
quality asset is not eligible and then was not been included TSAA, there is a just increase of
the available amount in the TSAA of the “upgrade” asset. Clearly, since the re-hypothecation
is allowed in collateral swaps, the TSAA can be modified until the expiry of the contract by
the utilisation of the asset as collateral.
An example of TSAA is in Table 1, where, over a period of 2 years, the availability of a bond is
shown considering the movements originated, in this case, by its purchase, repo and reverse repo
operations, and the final reimbursement by the issuer.
The example shows a TSAA with minimal features: it just indicates the available amount at each
date (with the related operation producing the change) and the expected collateral value that can be
extracted from it given the (expected) price and haircut. There is no attempt to take into account the
future volatility of the bond’s price and haircut, although the future value of the collateral may be
strongly affected by both. A robust ICM should aim at building a TSAA that includes the stochastic
nature of the value of the eligible assets, and also of the applied haircuts. In practice, it should be
possible for the bank to have a view of the expected and stressed movements and value (net of
the haircut) of each eligible asset. The final step is to consistently aggregate this information at a
portfolio level, so as to capture the potential diversification benefits.9
3.4 The Collateral Allocation Tools
By “allocation tools” we do not mean all the technology infrastructure needed to mobilise, post and
receive the collateral: it obviously is very important and it must unavoidably be set up if the bank
9 One possible approach to include the volatility of prices and haircuts is sketched in chapter 8 of Castagna and Fede [9]:
they try to model the future liquidity generation capacity of a portfolio of bonds held in the liquidity buffer. The liquidity
can be extracted either by directly selling the bonds (in which case, only the expected future prices matter) or by repoing out
the bonds (in which case, both prices and haircuts matter).
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wants to make sure to properly run all the operations. Allocation tools rather are, at least in the
present work, the kit of all methodologies and the applications which allow to monitor and manage,
in a timely and precise fashion, the risks inherent to the collateral transfers related to agreements
included in the existing contracts and which allow to efficiently mobilise the collateral trying to
reduce the related costs.
Besides having a complete and detailed view of the collateral requests by and to counterparties,
the tools should also make possible to have a view in projected trajectories of collateral, so as to let
the bank to set up an informed and convenient collateral provisioning plan.
Foreacasting Tools
The forecasting tools for the collateral absorption are of paramount importance to manage the collateral agreements with central counterparties (CCPs) or other counterparties (via CSA agreements).
In this respect, initial and variation margins’ projections, at a portfolio and netting set level, take on
a preeminent role.
To estimate future collateral requests, the bank needs to properly model the initial and variation
margins originated by the collateral agreements embedded in the live contracts. In the current (but
very likely also future) financial environment, derivative contracts are the primary cause of collateral
movements between counterparties: for this reason, we will briefly hint here at how to model the
initial and variation margins.
Initial and Variation Margin Mechanics and Modelling
The initial margin (I M), despite the name, is often updated by the CCPs on a frequent basis, usually
daily. It is a margin added to the variation margin (V M) and it is meant to protect the Clearing
House from the default of one of its members, assuming a given margin period of risk to redistribute
the contracts on the surviving members. Every member of a Clearing House has to post the initial
margin and it is held in a segregated account and it cannot be re-hypothecated, differently from the
V M.
At the time of this writing, the initial margin is requested only by CCPs, in centrally cleared
trades. The new Basel III regulation requires that, starting from 2015, also bilateral margined OTC
derivatives must have an initial margin: this too will be deposited in a segregated account and
cannot be re-used.10
The V M is daily computed for each clearing member, or counterparty in bilateral collateral
agreements, based on the variation of the NPV of the contracts. Clearing members’ portfolios are
typically netted per currencies; no specific rules exist for bilateral agreements.
Example 3.1. As an example, we show below the set of rules for the I M for interest rate swaps of the LCH,
which is a major Clearing House worldwide in the OTC market.
• Initial Margin (I M), is daily computed for each clearing member based on a proprietary model (PARIS,
which is basically a Filtered Historical Expected Shortfall).
• Clearing members’ swap portfolios are netted per currencies.
• The I M can be posted in:
- Cash:
- Same currency as the notional of the swap netted portfolios.
- It is remunerated at corresponding O/N rate (e.g.: EONIA for EUR), minus 30 bps. For
major currencies, this means that the remuneration is negative, at the time of this writing.
- Bonds:
- Same currency as the notional of the swap netted portfolios.
- There is no remuneration.
- A haircut is applied depending on the type of bond and on maturity.
10 For

more details, see BIS and IOSCO [2].
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- Limits to wrong way risk (for example a bank cannot post more than 20% of Treasury bonds
of the country it belongs to).
- Coupons are usually cashed in by the bank since posted bonds are replaced by other equivalent
bonds some days before coupon payment.
LCH’s variation margin rules are:
• Clearing members’ swap portfolios are netted per currencies.
• VM can be posted in:
- Cash:
- Same currency as the notional of the swap netted portfolio.
- It is remunerated at the corresponding O/N rate (e.g.: EONIA for EUR).
Contracts centrally cleared are assisted by a netting agreement, and this is true in most cases
also for bilaterally margined agreements. Assume we have i j = 1, ..., Ij contracts included in the
netting set j = 1, ..., J. Let Vi j (t) be the value of the i-th contract in the j-th netting set at time t. The
exposure to the CCP, or more generally to the counterparty, is the (net) sum of the values of all the
contracts, if it is positive, included in each netting set:
✓
◆
ECPTY (t) = Â max
V
(
t
)
C j ( t ), 0
Â ij
j

i

where Cj (t) is the market value of the collateral for netting set j at time t. The collateral is set equal
to an amount such that the exposure is reduced to zero; to simplify the notations, we will consider a
single netting set, so that:
ECPTY (t) = max[V (t) C (t), 0]
where V (t) is the portfolio value for the netting set at time t:
V (t) =

Â Vi1 (t)
i

Since collateral covers the exposure of a party to the counterparty, when V (t) < 0 the bank has
to post collateral, otherwise it will receive collateral. Then, the net collateral received to bank at
time t, is given by:
C (t) = max[V (t), 0] + min[V (t), 0]
The collateral can be disentangled in two components:
• max[V (t), 0] ) C (t) > 0: the bank receives collateral;
• min[V (t), 0] ) C (t) < 0: the bank posts collateral;

Given the margining frequency,11 the bank will post or receive collateral depending on the
variation of the NPV DV (t) of the netted collateralised portfolio. This collateral posted or received
is the variation margin. The variation margin at time t is
V M (t) = V M R (t) + V M P (t) = max[V (t), 0] + min[V (t), 0]

(2)

.
Suppose now that that at time t we have collateral C (t) and that the netted portfolio value to
the bank is V (t). The amount DC (t + dt) that should be posted by the bank at time t + dt to the
counterparty is:
DC P (t + dt) = min[V (t + dt) V (t), 0]
On the other hand, the amount that should be paid at time t by the counterparty to the bank is:
DC R (t) = max[V (t + dt)
11 Nowadays,

V ( t ), 0]

the frequency is daily for bilateral collateral agreements and more times a day for centrally cleared contracts.
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The bank has a potential credit exposure of DC R (t + dt), if this amount is not paid by the counterparty; the specular exposure suffered by the counterparty is that the bank does not pay DC P (t + dt).
To ensure an orderly replacement of the contracts of the defaulting members, during the period
dt, both parties should post an amount of collateral equal the potential exposure DCC (t + dt), with
C = P, R. The interval dt is defined margin period of risk (or close-out period).
It is not possible to know with certainty which is the future amount DCC (t + dt), given the
volatility of the portfolio value. So, the exposure is reduced to zero with a given confidence level
1 a, given the assumptions made on the distribution of the relevant risk factors. Assume that
1 a = 1%: then, with probability 99% the DC P (t + dt) the bank should pay is fully covered at time
t by an additional collateral posted, which is defined as initial margin.
Given the netted portfolio value V (t) to the bank, the initial margin requested at time t by either
the other counterparties or by a CCP is:
I M P (t) = min[V a (t + dt)

E[V (t + dt)], 0]

(3)

where E[V (t + dt)] is the expected value of the portfolio at time t + dt, and V a (t + dt) is the level of
the portfolio such that Prob[V (t + dt) < V a (t + dt)]  1 a.
It can be easily recognised that the initial margin is a Value-at-Risk (VaRadt ) of the netted portfolio
over the margin period of risk at a confidence level of 1 a. In more general terms, we can have
that the I M is some function of the risk associated to the netted portfolio, linked to VaRadt , with
additional parameters and variables set by the CCP or agreed upon by the counterparties in bilateral
collateral agreements. Let us generally indicate with VaR(V (t)) this function; the initial margin that
the bank has to pay is then:
I M P (t) = VaR(V (t))
(4)
where it should be stressed that VaR(V (t) is negative or zero. Analogously, the initial margin
received from the counterparty is:
I M R (t) =

VaR( V (t))

(5)

Equation (5) is the risk measure provided in contract terms, calculated on the net value of the
portfolio to the counterparty ( V (t)): also I M R (t) is negative or zero and the negative sign means
that, seen from the bank point of view, the collateral is received. The total initial margin is simply
the sum of the two paid and received margins
I M(t) = I M P (t) + I M R (t)
The rules for initial margins normally provides for a margin period of risk from 2 to 5 business
days when trades are centrally cleared: international regulators are setting a minimum at confidence
level at a = 99%.12 In bilateral agreements, the minimum is set at 10 business days and confidence
level a = 99%.13
The total collateral received or paid by the bank (i.e.: posted by counterparties or by CCPs) is
then:
C T (t) = V M (t) + I M (t) = max[V (t), 0] + min[V (t), 0] + I M (t)

(6)

The collateral amount in equation (6) is not useful for management purposes, since, firstly, it
does not allow to identify the actual net position in collateral of the bank, taking into account
the possible re-hypothecation, and, secondly, because it does not consider the existence of more
netting sets. We will focus then on the bank’s net negative collateral position by expanding the
analysis conducted so far. This position represents how much the bank needs at a given time t to
match the collateral requests by the CCPs and the counterparties. Basically, we will determine the
net demand for collateral, generated internally within the bank, which cannot be matched by the
received collateral (one of the components of the internal supply, as seen above) and which needs to
be alternatively covered by means of some other forms of supply of collateral.14 For these reasons,
the net negative position will be named collateral gap.
12 See

BIS and IOSCO [3], Prinicple 6.
BIS and IOSCO [2].
14 We remind that we are limiting the analysis to the collateralisation of derivative contracts, although the concepts we are
introducing can be easily extended to all kinds of contracts with a collateral agreement.
13 See
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Let jRV M = 1, ..., JRV M be a netted portfolio belonging to a subset of the total number of J netted
portfolios: each jRV M v portfolio refers to a collateral agreement that allows for the re-hypthecation
of the collateral received as variation margin. The netting sets not allowing the variation margin’s
re-hypothecation are denoted with jNRV M = 1, ..., JNRV M , so that J = JRV M + JNRV M . It is quite
common that the collateral agreements, either with CCPs or with other counterparties, allow the
re-hypothecation of the variation margin.
Moreover, let jRI M = 1, ..., JRI M be a netted portfolio belonging to a subset of the total number
of J netted portfolios whose agreement allows the re-hypothecation of the initial margin: this is
much less common as usually the I M is deposited in a segregated deposit or in a third-party
custodian bank. The netting sets not allowing the initial margin re-hypothecation are indicated with
jNRI M = 1, ..., JNRI M , so that J = JRI M + JNRI M .
Once identified the netting sets that allow the re-hypothecation of the two margins, we can
generalise and refine equation (6) to determine the bank’s net collateral position:
C BP (t) =

Â

jRV M

V M jRV M (t) +

Â

jRI M

I M jRI M (t) +

Â

jNRV M

V M jPNRV M (t) +

Â

jNRI M

I M jPNRI M (t)

(7)

Assuming that the entire collateral amount received by the bank as initial margin cannot be
re-hypothecated (as it is very likely the case in reality), then JRI M = 0, JNRI M = J and equation (7)
simplifies:
C BP (t) =

Â

jRV M

V M jRV M (t) +

Â

jNRV M

V M jPNRV M (t) + Â I M jP (t)
j

(8)

Equation (8) is the net internal collateral position: a negative value means that there is a demand for
collateral that the bank has to match by the internal supply of collateral, after having exhausted the
collateral source of the received collateral that can be re-hypothecated. The net collateral position
depends on what the collateral agreements provide for:
• The netting and the re-hypothecation of the collateral;
• The rules to post and receive initial and variation margin.
The collateral gap at time t can be now formally defined as:
CGap(t) = min[C BP (t), 0]

(9)

Once the time horizon the bank needs to monitor is set, the Term Structure of Collateral Gaps
(TSCGap) can be built by computing the CGap(t) for any t:
Definition 3.1. The Term Structure of Collateral Gaps (TSCGap) is the collection of the collateral gaps
spaced at specified intervals Dt = ti ti 1 (e.g.: 1 day) during a given period [t0 , tb ].
It is possible to have several types of estimation of the collateral gaps at each relevant date: the
first type we show refers to the expected collateral gaps’ levels, so that the TSCGap is:
TSCGape (t0 , tb ) = {E[CGap(t0 )], E[CGap(t1 )], ..., E[CGap(tb )]}

(10)

The second type refers to collateral gaps computed at a given percentile a, corresponding to a
confidence level of 1 a (say, 1%), such that for any t CGapa (t) is the level of the gap such that
Prob[CGap(t) < CGapa (t)]  1 a. The corresponding TSCGap is then defined as:
TSCGapa (t0 , tb ) = {CGapa (t0 ), CGapa (t1 ), ..., CGapa (tb )}

(11)

To project the future evolution of V M and I M, one needs:
• A scenario generation engine, to simulate scenarios for future levels of relevant variables
(e.g.: interest rates). We would like to stress that the scenario simulation should be operated
under the real measure, and not the risk neutral measure, since we are interested in producing
risk metrics rather than pricing quantities. In any case, as a starting point, one can use market
data, by neglecting any link between the risk neutral and the real world measure.
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Time
0
0.5
1
1.5
2
2.5
3
3.5
4
4.5
5
5.5
6
6.5
7
7.5
8
8.5
9
9.5
10

Eonia Fwd
0.75%
0.75%
1.75%
2.00%
2.25%
2.37%
2.50%
2.65%
2.75%
2.87%
3.00%
3.10%
3.20%
3.30%
3.40%
3.50%
3.60%
3.67%
3.75%
3.82%
3.90%

Spread
0.65%
0.64%
0.64%
0.63%
0.63%
0.62%
0.61%
0.61%
0.60%
0.60%
0.59%
0.59%
0.58%
0.58%
0.57%
0.57%
0.56%
0.56%
0.55%
0.55%
0.54%

Fwd Libor
1.40%
1.39%
2.39%
2.63%
2.88%
2.99%
3.11%
3.26%
3.35%
3.47%
3.59%
3.69%
3.78%
3.88%
3.97%
4.07%
4.16%
4.23%
4.30%
4.37%
4.44%

TABLE 2: Market data for interest rates

• An aggregation engine, to calculate at a netting set level, the net negative collateral position
in each scenario. This engine hinges on the centralised inventory of the collateral agreements,
which is one of the components of the ICM we have already examined in the previous pages.
• IM and VM simulation: variation margins are quite simple to simulate, once one has proper
models to simulate the future evolution of the value of the netted portfolios, as we have seen
above. The initial margins are more difficult to simulate for two reasons: firstly, they are a
function of the risk of the NPV of the netted portfolios, and are not directly linked to their
value, like variation margins are. Secondly, the rules to compute this function may not be
fully disclosed to the bank, as it is the case when contacts are centrally cleared and initial
margins are determined by the Clearing Houses. It is possible, anyhow, to reverse-engineer
the model adopted by the Clearing House with a reasonable degree of accuracy, based on
publicly available information.
The TSCGap can be calculated, either at the expected or at the a-percentile level, by projecting
in the future the evolution of the relevant financial variables affecting the value of the portfolios and
hence of the collateral that should be posted or received by the bank. The dynamics of the financial
variables can be defined in two ways:
• risk-neutral dynamics: they are consistent with the dynamics used for pricing and evaluation
purposes. This allows to exploit some methodologies, such as the American Montecarlo, which
reduce the computation times. The problem with adopting these dynamics is that they are not
very effective in terms of risk management, since the bank is interested in which could be the
TSCGap in the real, instead of the risk-neutral, world;
• real-world dynamics: they can project the collateral needs in a more realistic way, although
the bank loses in the possibility to exploit the time-saving techniques mentioned before. It
should be stressed that, in any case, it is just the evolution of the relevant financial variables
that follows the real-world dynamics. In any point of future times, and in any scenario, the
value of the portfolios that have to be collateralised are computed with the classical approaches,
or: under the risk-neutral measure.
www.iasonltd.com
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Caps&Floors
Expiry Volatility
0.5
30.00%
1
40.00%
1.5
45.00%
2
40.00%
2.5
35.00%
3
32.00%
3.5
31.00%
4
30.00%
4.5
29.50%
5
29.00%
5.5
28.50%
6
28.00%
6.5
27.50%
7
27.00%
7.5
26.50%
8
26.00%
8.5
25.50%
9
25.50%
9.5
25.50%
10
25.50%
TABLE 3: Market data for caps&floors.

We will show below two examples: the first one maps the TSCGap, limited only to the variation
margins, of a swap; the second example shows several TSCGaps including only initial margins of a
swap portfolio. In reality, the TSCGap condenses both the initial and the variation margins, as seen
before: the separation we show below is just for example purposes only.
Example 3.2. We show a simple example of the evolution of the variation margin required for a single 10
year swap. In Table 2 we present the market data for the interest rates used to price a 6M floating vs. 1Y fix
IRS. We also calibrated a market model to the volatility market data for caps&floors, showed in Table 3, and
to volatility market data for swaptions, showed in Table 4.
Figure 3 plots the TSCGap, or the projections of the collateral needed to match the margin calls, both for
the average and stressed (99th percentile) levels.

Example 3.3. We will simulate the TSCGap of the I M for selected portfolios of swaps with maturities
up to 10 years, assuming that the portfolios are centrally cleared and that I M is calculated every day by a
Filtered Historical VaR Approach, over a time-window of 1265 days (5Y history), taking as risk factors the
swap tenors from 1Y to 10Y and computed at 99th percentile for a time horizon of 5 days. We will forecast
the expected, 1st and 99th percentile TSCGap for each day until the expiry of the last swap (approximately
2500 business days = 10 years).
First, we generated a sample of historical swap rate term structures, with maturities from 1Y to 10Y for
1265 days (⇡ 5 years): those are the risk factors used in the Filtered HVaR. In Figure 4 we show the time
series of the term structures.
Secondly, we chose 6 portfolios of 10 swap contracts each, with different maturities and notional amounts.
Figure 5 sketches the main features for each of the portfolios. They could be considered as representative of
possible profiles of the total bank’s swap portfolio. Each swap starts at par on the reference date t0 = 0.
To build the TSCGap(0, 10Y ) one has to compute the HVaR: on the first date t0 = 0, the historical time
series is sufficient to determine the I M, which we are assuming to be just equal to the 5 days-99th -percentile
HVaR. On the second date t1 , one day after, the historical time series will contain one date less than the
starting one, since the farthest past date is discarded. On the other hand, the last date of the historical
sample has to be integrated, so as to restore a time window of 1265 dates. This can be done by using a
stochastic model to generated the swap rates tenors (the risk factors), by which it will be possible to simulate
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Expiry
0.5
1
1.5
2
2.5
3
3.5
4
4.5
5
5.5
6
6.5
7
7.5
8
8.5
9
9.5
10

Swaptions
Tenor Volatility
9.5
27.95%
9
28.00%
8.5
27.69%
8
27.09%
7.5
26.61%
7
26.32%
6.5
26.16%
6
26.02%
5.5
25.90%
5
25.79%
4.5
25.68%
4
25.57%
3.5
25.46%
3
25.37%
2.5
25.28%
2
25.22%
1.5
25.21%
1
25.34%
0.5
25.50%
0

TABLE 4: Market data for swaptions.
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FIGURE 3: The TSCGape (purple, upper line) and a = 99th percentile TSCGapa (blue, lower line) for a period spanning the
life of a 10Y swap.
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FIGURE 4: Time series of 1265 entries of the swap rate term structure with tenors from 1Y to 10Y.

FIGURE 5: The maturities and the associated notional amount for each swap in the 6 test portfolios.
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a distribution of possible IM. By repeating the same reasoning going further into the future, simulated data
will be more and more numerous: after 5 years the historical sample will be made only by simulated risk
factors.
This process we have just described is illustrated in Figure 6 for the risk factor 5Y swap: the 5-year
historical sample is included in the moving window framed in red. The window moves to right and it will
include simulated time portion of the total time series (four in the figure), whose length increases every step
the simulation takes into the future, with respect to the observation date t0 = 0.
We used the stochastic interest rate models, that have been both calibrated to the 5-year time series of the
swap rates. Their dynamics and the value of the parameters are:
• a one factor Cox, Ingersoll, Ross (CIR) [10] model, which satisfactorily captures parallel shifts of the
term structure of swap rates:

p
rt )dt + s rt dZt

drt = k (q
r0
kr
qr
sr

0.72%
0.5
4.50%
7.90%

• a stochastic volatility CIR model (see Fouque, Papanicolaou and Sircar [11]), which satisfactorily
captures parallel shifts and volatility changes of the term structure:
p
drt = k(q rt )dt + f (yt ) rt dWt
p
dyt =art (m yt )dt + b rt (rdWt +
q
+ 1 r2 dZt )
f (yt ) =
r0
kr
qr
sr

0.72%
0.5
4.50%
7.90%

y0
a
m

p

yt

0.62%
1000
0.02%

n
b
r

0.1
4.47
-0.5

In Figure 7 we show the TSCGap at the expected, 1st and 99th percentile levels, up to 10 years, produced
by the CIR model. In Figure 8 we show the same TSCGaps produced by the stochastic volatility CIR model.
A comparison between the TSCGap by the two models is shown, for portfolios 2 and 3, in Figure 9: it is
quite manifest how the choice of the model to generate future scenarios can have a huge impact of the final
result.
Cost Measurement Tools
The allocation tools do not only estimate the future needs of collateral, but they also measure and
monitor the associated costs. The concepts we have introduced above on the netted portfolios and
on the re/hypothecation are useful also in this case.
There are two metrics related to the collateral costs that have to be computed and monitored: the
Liquidity Value Adjustment (LVA) and the Funding Value Adjustment (FVA). Both quantities have
been discussed in Castagna [7] and in chapter 12 of Castagna and Fede [9], although the analysis
was limited to their computation for a stand-alone contract, without considering any portfolio effects.
Along the ideas outlined in Castagna [8], we will focus on the valuation adjustments computed on an
incremental basis: this means that the for each trade, its margin contribution to the aggregated LVA
and FVA has be assessed, since the stand-alone contribution can be misleading and not indicative of
the actual costs paid by the bank.
We start with the definition of the LVA.
www.iasonltd.com
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FIGURE 6: Visual example of the simulation of the 5-year time sample of the 5Y swap tenor, used in the HVaR.

FIGURE 7: TSCGap at the expected, 1st and 99th percentile levels up to 10 years for the 6 test swap portfolios, generated
by the CIR model.
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FIGURE 8: TSCGap at the expected, 1st and 99th percentile levels up to 10 years for the 6 test swap portfolios, generated
by the stochastic volatility CIR model.

FIGURE 9: Comparison between the TSCGaps produced by the CIR and the stochastic volatility CIR, for portfolios 2 and
3 taken from the 6 test swap portfolios.
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Definition 3.2. The LVA is the discounted value of the difference between the risk-free rate and the collateral
rate paid (or received) on all the collateral accounts’ balance, over the entire life of all collaterlised contracts.
It is the gain (or loss) produced by the liquidation (due to the collateralisation agreements) of the NPV of the
sum of the netted portfolios of derivative contracts, without taking into account the possible re-hypothecation
of the collateral received.
Given this definition, the LVAC (t0 , tb ) referred to a period between the observation date t0 and
the expiry date of the longest maturity contract tb , can be formally written as:
Z t
✓
◆
Rv
b
C
Q
t0 rv dv
LVA (t0 , tb ) = E
e
Â [r(u) c jI M (u)] I Mj (u) + Â [r(u) c jV M (u)]V Mj (u) du
t0

jI M

jV M

(12)

Equation (12) deserves a detailed description:
• We considered all the collateral agreements, possibly referring to netted portfolios, which
provide for an initial margin. They are denoted with j I M = 1, ..., J I M : the bank receives the rate
c jI M (t) at each time t0  t  tb , if the collateral is posted, and pays the same rate otherwise;
• We also considered all the collateral agreements, possibly referring to netted portfolios, which
provide for a variation margin. We denoted with jV M = 1, ..., JV M : in this case the bank
receives the rate c jV M (t) at each time t0  t  tb , when the collateral is posted, and pays the
same rate otherwise;
• The separation between the two types of margins is due to the fact that the same collateral
agreement my differentiate the treatment of the initial margin from the variation margin, in
terms of rates and types of eligible assets that can be posted (see the example 3.1);
• Both the risk free rate r (t) and the collateral rate c j (t), for the agreement j, can be time
dependent;
• The netted portfolios are not algebraically summed even when the agreements allow for the
re-hypothecation: the reason for this is that the balance of each collateral account should be
multiplied, at any time t, by its own difference in risk-free and collateral rates [r (t) c j (t)].
Definition 3.3. The FVA is the discounted value of the spread paid by the bank over the risk-free interest to
finance the net amount of cash needed for the bank’s net collateral gap, over the entire life of all collateralised
contracts, considering the possible re-hypothecation of the collateral received.
From this definition, we formally define the FVAC (t0 , tb ), referred to a period between the
observation date t0 and the expiry date of the longest maturity contract t F , as:
FVAC (t0 , tb ) = EQ



Z t
b
t0

e

Rv

t0 rv dv

s F (u)CGap(u)du

(13)

Also in this case we provide a discussion of Equation (12):
• By definition of CGap (see equation (9)), the FVA(t0 , t F ) 0: since we take it with negative
sign, it should be considered as a cost and at best it can be nil, contrarily to the LVA(t0 , tb )
that can be either positive or negative (or nil), i.e.: can be either a cost or a gain;
• Only CGap is relevant, not the single collateral accounts’ balance. All the re-hypothecations
allowed are used to cover collateral demands and only when no more re-hypothecable received
collateral is available, the gap is covered by cash funded at the banks funding spread s F (t),
which can be time dependent.
It should be stressed that, if we assume that all collateral agreements allow cash to be an eligible
asset that can be posted, equation (13) is the funding cost paid by the desk that manages the
collateral,15 but it does not have to be necessarily paid by the bank. Actually, at the highest level
15 When the bank adopts the organisation we will show in the final part of the article, with the Treasury embedding the
Funding, Repo and Collateral Desks, the considerations that we make just afterward are easily proved.
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of aggregation, the funding is given by the bank’s cash position after considering the cash-flows
originated by all existing contracts, and not produced just by collateral agreements.
We can adapt equation (13) to assess the incremental impact of the collateral net position on the
total funding of the bank: in this case we cannot take only the collateral gap, but we need to include
also all the effects that positive collateral positions have on the bank’s aggregated net cash position.
Hence, as a first step, we need to compute the FVA of the bank due to all cash-flows not related to
the collateralisation:

R t F R u rv dv F
NC
Q
0
FVA (t0 , t F ) = E
s (u)1{CF(t ,t ,u)<0} CF(t0 ,t0 ,u)du
(14)
t0 e
0 0
where CF(t0 , t a , tb ) is the cumulated amount, calculated in t0 , of all cash-flows starting from date
t a up to time tb . So CF(t0 , t0 , tb ) is the future cash balance of the bank at time tb , including all the
cash-flows between time t0 and time tb , and excluding the cash-flows due to collateralisation. The
funding spread is applied only when the cumulative balance is negative, otherwise the balance is
invested with an expected return equal to the risk-free rate and the funding cost is zero. Clearly,
to forecast CF(t0 , t0 , t) the bank needs a simulation engine with models that properly can deal
with the cash-flows of all the existing contracts. This kind of aggregated view on bank’s total cash
balance is possible only in the Treasury, whose task is just the management of cash (im)balances. It
is also worth noting that the FVA NC is calculated also considering the cash-flows due to dynamic
replication strategies of the derivative contracts.
A second step is to compute the total FVA including also both the positive and negative cashflows deriving from the collateral agreements:
 Z t
Ru
F
T
Q
FVA (t0 , t F ) = E
e 0 rv dv s F (u)1{CF(t0 ,t0 ,u)+C BP (u)<0} [CF(t0 , t0 , u) + C BP (u)]du
(15)
t0

The incremental funding value adjustment FVAC
+ ( t0 , t F ) is then easily derived:
T
FVAC
+ ( t0 , t F ) = FVA ( t0 , t F )

FVA NC (t0 , t F )

(16)

C
The incremental collateral FVA can be FVAC
0 that is
+ ( t0 , t F ) Q 0, differently from FVA ( t0 , tb )
C
always a cost. Negative FVA+ (t0 , t F ) means a benefit to the bank, or a smaller of the cost of funding
at the highest level of aggregation. In this case the incremental contribution of the collateralisation
activity the bank runs, is a reduction of costs, and as such it does not only generates no charge on
the Collateral Desk, but it even awards a benefit, or a profit, to the Desk.
Both FVAC (t0 , tb ) and FVAC
+ ( t0 , tb ) can be valued in a variety of fashions:

• The bank may choose between risk-neutral vs. real measure to compute the expected values.
In all the formulae above we have assumed that the expectations are taken in the risk-neutral
measure Q, but the bank can also compute them in the real measure P since in practice the
FVA cannot be hedged,16 so that it looks more like a risk rather than a pricing quantity. Hence,
the real measure should be more appropriate; on the other hand, if the bank wants to keep
the consistency with the other components of the full value of the contract, the risk-neutral
measure should be used.
• The bank does not need to compute an expected value, but it can alternatively calculate
any predefined quantile of the distribution of the future funding costs; even more so if real
measure is adopted, there is no reason why one should use expected values. A more general
FVAC is:
FVAC,a (t0 , tb ) = FVAC (t0 , tb ) : Prob[FVAC (t0 , tb ) > FVAC,a (t0 , tb )]  1

a

(17)

16 It would certainly deserve more than just a footnote, but, to support the claim of un-hedgeability of the FVA, suffice it
to say that the only way to set at zero the exposure towards future funding costs would be offsetting the (mathematical)
derivative of the FVA w.r.t. the bank’s funding spread with another contract with the same derivative but with opposite sign:
in practice the bank should go long its own bonds (not just buy them back, but have a net long position), or sell protection on
itself. Both strategies can be hardly (to use an euphemism) operated in practice. The alternative of offsetting the derivatives
w.r.t. to other risk factors would certainly more viable, but unfortunately it would likely affect the global exposure of the
bank to the risk factors themselves, without considering that also the hedging instruments would generate, in their turn,
another FVA.

www.iasonltd.com

25

Research Paper Series
A similar definition can be given for the incremental funding value adjustment FVAC,a
+ ( t0 , t b ),
calculated at a chosen quantile a.
It is also worth noting that the LVA is (at least theoretically) a hedgeable quantity, so it makes
much more sense for it to compute just the expected value and not a stressed value at some percentile
a.
Pricing Tools
The methodologies and the tools developed to measure and manage the costs related to the collateral
at an aggregated (Collateral Desk or even bank) level, can be exploited also to include into the
pricing of a single collateralised contract the LVA and the FVA that they produce. Also in this case,
the best way to compute these quantities is by an incremental, rather than a stand-alone, valuation
of the deal.17
Consider a new contract d: the annexed collateral agreement will identify the netted portfolio
and the type of margin that will be posted or received (initial, variation, both) and whether the
re-hypothecation is allowed. The (incremental) LVAd that can be included in the value of this
contract is:
T
LVAd = LVA+
(t0 , tb ) LVAT (t0 , tb )
(18)
T
where LVAT (t0 , tb ) is the bank’s total LVA computed as in equation (12), and LVA+
(t0 , tb ) is the
same quantity calculated after including also the contract d.
By the same token, we can calculate the FVA associated to the contract d, again on an incremental
basis. Using a similar notation as above:
T
FVAd = FVA+
( t0 , t b )

FVAT (t0 , tb )

(19)

T
where FVAT (t0 , tb ) is the bank’s total FVA computed as in equation (16), and FVA+
(t0 , tb ) includes
d
also the contract d. Since FVA too cannot be hedged, it could be a sensible (or at least not
unreasonable) choice to compute not the expected value but a given percentile of the distribution of
values:
T,a
FVAd a = FVA+
(t0 , tb ) FVAT,a (t0 , tb )
(20)

where we use a formula equivalent to (17) to calculate the bank’s FVA.
The LVAd and FVAd are mainly useful when quoting prices in the market. For this reason we
will show how to embed them in the bid and ask quotations: we will limit the analysis to the FVA,
but it can be easily extended to the LVA as well.
Let VdBid and VdAsk be, respectively, the bid and ask prices at which the bank is willing to trade.18
We do not consider the additional bid/ask spread that can be added to these levels to generate the
market-making profit. Let also Vd be the theoretical risk-free value according to the model the bank
uses (e.g.: Black&Scholes for an option on FX); then we have:
VdBid = Vd

FVAd+ Q Vd

VdAsk = Vd + FVAd Q Vd
where FVAd+ (respectively, FVAd ) is the FVA associated with a long (short) position in the contract
d. It should be noted that FVAd+ ⇡ FVAd , for a contract whose notional is small compared to the
sum of bank’s collateralised portfolios: this will prevent arbtrageable two-way bid/ask spreads, i.e.:
VdBid < VdAsk . To avoid arbitrageable quotes (i.e.: VdBid > VdAsk ), the two-way bid/ask quotation has
to be modified in V̄dBid and V̄dAsk for which V̄dBid < V̄dAsk . A possible solution could be the following
rule:
V̄dBid = min[VdBid , VdAsk ]; V̄dAsk = VdAsk i f |Vd

VdAsk | > |Vd

VdBid |,

V̄dAsk = max[VdBid , VdAsk ]; V̄dBid = VdBid i f |Vd

VdAsk | < |Vd

VdBid |

17 At more general level, the bank should assess the impact of the contract’s inclusion in the balance sheet and the evaluate
it accordingly (see Castagna [8] for a discussion on this point).
18 They are the long and the short values of the contracts, see Castagna [8] for more details on this.
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Portfolio FVA
case
99th perc
1st perc
Average

base
2,134.83
654.18
1,394.51

case
99th perc
1st perc
Average

base
-

CIR 1F
CIR SV
+5Y
-5Y
base
+5Y
2,400.49 1,884.80 10,425.58 11,082.80
737.59
571.81
694.90
787.94
1,569.04 1,228.30 3,789.30
4,194.45
5Y Swap (Incremental) FVA
CIR 1F
CIR SV
+5Y
-5Y
base
+5Y
256.66
-250.04
657.22
83.42
-82.37
93.03
174.54
-166.20
405.15

-5Y
9,823.83
668.90
3,578.69

-5Y
-601.75
-26.00
-210.61

TABLE 5: Bank’s total FVA and incremental FVA for a 5Y swap, computed by the 1 factor and the Stochastic Volatility
Cox Ingersoll and Ross (CIR 1F and CIR SV).

99th perc
1st perc
Average
99th perc
1st perc
Average

CIR 1F
CIR SV
VdBid
VdAsk
VdBid
VdAsk
3.2027%
3.2031%
3.1943%
3.1955%
3.2067%
3.2067%
3.2065%
3.2079%
3.2047%
3.2049%
3.1997%
3.2039%
Differences w.r.t S0 = 3.2085%
-0.0058% -0.0054%
-0.0142% -0.0130%
-0.0018% -0.0018%
-0.0020% -0.0006%
-0.0038% -0.0036%
-0.0088% -0.0046%

TABLE 6: Bid and ask rate levels for a 5Y swap, computed by the 1 factor and the Stochastic Volatility Cox Ingersoll and
Ross (CIR 1F and CIR SV).

Example 3.4. Let us consider the following data:
• A portfolio of 10 long (fixed rate payer) swaps;
• Maturities range from 1 to 10 years;
• Notional of each swap is 1 million.

We will compute the FVA at the 99th , 1st percentiles and average levels, i.e.: FVAT,99% (t0 , tb ), FVAT,1% (t0 , tb ),
FVAT (t0 , tb ). Then we add a long (fixed rate payer) swap, maturing in 5 years and with 1 million notional.
The par swap rate at time 0 is S0 = 3.2085%, using the same data as in example 3.2. We do the same also
for a short (fixed rate receiver) swap. Then, we compute FVAd+ and FVAd , as indicated in the main text,
assuming that the funding spread is constant s F = 0.30%.
In table 5 we show the results: the upper part of the table contains the total collateralised portfolio’s FVA,
in the base case and when, respectively, a long or a short position in the 5Y swap is added to it. The FVAs
are computed by using the 1 factor and the SV CIR models whose parameters are in example 3.2. The lower
part of the table shows the incremental FVA of the 5Y swap for the case it is bough or sold by the banks, and
calculated with the two models. The choice of the model has a quite material effect on the final results.
We can now determine the bid and ask values at which the swap would be quoted by the bank. Since the
standard market quotation for swaps is in terms of par swap rates S, we need to solve the following equations:
VdBid

Vd =

= DV01(SBid

S0 )

VdAsk

Vd = +FVAd = DV01(S Ask

S0 )

FVA

d+

In table 6 we show the results. Also in this case, the Stochastic Volatility CIR produces the most appreciable
outcomes.
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Time
0
1
2
3
4
5
6
7
8
9
10

V1
100.00
69.72
71.45
77.39
68.79
73.27
72.26
72.49
73.01
73.90
79.56

DC1
-30.28
1.73
5.94
-8.61
4.48
-1.01
0.22
0.53
0.89
5.65

V2
-100.00
-69.72
-71.45
-77.39
-68.79
-73.27
-72.26
-72.49
-73.01
-73.90
-79.56

DC2
30.28
-1.73
-5.94
8.61
-4.48
1.01
-0.22
-0.53
-0.89
-5.65

TABLE 7: Variations of the values and of corresponding collateral of the two portfolios, assuming they are perfectly
negatively correlated and that they start with offsetting values at time t0 .

Time
0
1
2
3
4
5
6
7
8
9
10
Total

Posted Coll
|DC P |

Received Coll.
DC R

Net coll.
DC R |DC P |

30.28
1.73
5.94
8.61
4.48
1.01
0.22
0.53
0.89
5.65
59.35

30.28
1.73
5.94
8.61
4.48
1.01
0.22
0.53
0.89
5.65
59.35

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

Add.nal Supply
DC S
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

TABLE 8: Posted collateral, received collateral and net to be matched by other sources when the re-hypothecation is
allowed and portfolios are perfectly negatively correlated.
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4.

Bank’s Internal Velocity of Collateral

Beside the velocity of collateral at a systemic level, which has been discussed before, a similar
concept can be introduced also for the bank, seen a closed sub-system of its own. The bank’s internal
velocity of collateral is defined similarly to the systemic velocity of collateral, and it is basically a
ratio between the total posted collateral and the total supplied collateral in a given period of time,
usually 1 year. For collateral management purposes, it is convenient to write the internal velocity of
collateral in the period [t0 , tb ] as:
VC B =

Âib=1 |DC P (ti )|
C (t0 ) + Âib=1 DC (ti )

(21)

where DC P (ti ) is the variation of the collateral posted at time ti : it is taken in absolute value; C (t0 )
and Â j DC (t j ) are, respectively, the collateral available at time t0 and its variations at time ti : they
are taken considering the sign and they include also the collateral received.
If we wish to make a comparison between the systemic velocity of collateral already introduced
in the analysis of aggregated supply and demand for collateral and the bank’s internal velocity of
collateral, we can easily detect the same numerator for both ratios in equations (1) and (21), which
is the total posted collateral over the reference period; the denominator is the available collateral
in the bank’s collateral velocity, but this is simply the internal supply of collateral that mimics the
collateral provided by the main sources in the systemic velocity.
The ratio VC B is greater than zero by construction, but the target the bank should aim at is to
keep the ratio above 1, whenever this is possible. In this way the bank is efficiently and effectively
managing the supply of collateral: if the ratio is exactly equal to 1, then the internal supply of
collateral is enough to match the demand for collateral: this is the benchmark level of efficiency the
bank must achieve; ideally, the bank should use the collateral available exploiting all the possibilities
to re-hypothecate the received collateral, thus minimising the internal supply of collateral at its
lowest level compatible with a given demand: the velocity VC B is in this case above 1 and the greater
it is, the better the bank is managing the collateralisation process; finally, if the ratio is below 1, then
the bank is keeping internally a greater than necessary supply given the demand for collateral: the
collateral management is not efficient and the costs related to the collateralisation are higher than
the bank would pay if VC B 1.
It should be stressed that the maximum theoretical velocity is not necessarily above 1, since it is
constrained at an upper boundary determined by the following factors:
• The number of netted collateralised portfolios and the correlation between the variations of
their values during the reference period;
• The possibility to re-use, or re-hypothecate, the collateral received, according to the existing
collateral agreements.
In the cases when the theoretical velocity of collateral cannot be above 1 because of the factors
above, then the bank should aim at achieving at least the theoretical maximum level. In any case,
the benchmark for the bank should always be the maximum velocity that can be reached and the
collateral management effectiveness and efficiency should be evaluated with respect to it.
Although the concept of the velocity of collateral is very simple, and its monitoring quite
proficient, it is anyway worth presenting a simplified example of how to calculate VC B .
Example 4.1. We introduce a simplified setting where the bank has two collateralised portfolios assisted by
agreements both allowing the re-hypothecation of collateral received by the bank. Let us consider the period
[t0 = 0, t10 = 10]: for simplicity’s sake, we assume that the collateral is posted and received only on 10 dates
corresponding to ti = i, for i = 1, ..., 10; that available collateral at time t0 is C (t0 ) = 0; and finally that the
two processes of the portfolios’ values are perfectly negatively correlated with an equal volatility and that the
starting values are the same but with opposite signs: V1 (t0 ) = 100, V2 (t0 ) = 100: the data are shown in
Table 7.
This simple and somehow extreme setting will be used to show how the re-hypothecation agreements
affect the velocity of collateral. First, consider the case when re-hypothecation is fully possible. In this
www.iasonltd.com
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Time
0
1
2
3
4
5
6
7
8
9
10
Total

P.ed Coll.
Port.1
|DC P |

P.ed Coll.
Port.2
|DC P |

R.ed Coll.
Port.1
DC R

R.ed Coll.
Port.2
DC R

Net coll.
Port.1
DC R |DC P |

Net coll.
Port.2
DC R |DC P |

30.28
0.00
0.00
8.61
0.00
1.01
0.00
0.00
0.00
0.00
39.90

0.00
1.73
5.94
0.00
4.48
0.00
0.22
0.53
0.89
5.65
19.45

0.00
1.73
5.94
0.00
4.48
0.00
0.22
0.53
0.89
5.65
19.45

30.28
0.00
0.00
8.61
0.00
1.01
0.00
0.00
0.00
0.00
39.90

-30.28
1.73
5.94
-8.61
4.48
-1.01
0.22
0.53
0.89
5.65
-20.44

30.28
-1.73
-5.94
8.61
-4.48
1.01
-0.22
-0.53
-0.89
-5.65
20.44

Add Supp.
Port.1
DC S
0.00
30.28
0.00
0.00
0.93
0.00
0.00
0.00
0.00
0.00
0.00
31.21

Add Supp.
Port.2
DC S
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

TABLE 9: Posted collateral, received collateral and net to be matched by other sources for each of the two portfolios when
the re-hypothecation is not allowed and portfolios are perfectly negatively correlated.

Time
0
1
2
3
4
5
6
7
8
9
10
Total

Posted Coll.
|DC P |

Received Coll.
DC R

Net coll.
DC R |DC P |

8.22
2.29
0.00
0.27
0.00
25.74
0.00
0.00
0.00
30.51
67.02

0.00
0.00
2.93
0.00
16.66
0.00
19.55
26.74
25.97
0.00
91.85

-8.22
-2.29
2.93
-0.27
16.66
-25.74
19.55
26.74
25.97
-30.51
24.83

Add.nal Supply
DC S
0
8.22
2.29
0.00
0.00
0.00
6.41
0.00
0.00
0.00
0.00
16.92

TABLE 10: Posted collateral, received collateral and net to be matched by other sources when the re-hypothecation is
allowed and portfolios are perfectly positively correlated.

case the velocity of collateral is infinite, VC B = •, and the bank can easily maximise the efficiency of the
collateral process. To see how we get this result, it is useful having a look at table 8. Since the posted collateral
is perfectly matched by revived collateral, given the assumptions on the value processes of the two portfolios,
no net negative (or positive, for that matter) collateral is ever produced. The net supply DC S that the bank
needs to generate is always nil so that the formula (21) can be computed as follows:
VC B =

59.35
Âib=1 |DC P (ti )|
=
=•
b
R
P
S
0
+
0+0
C (t0 ) + Âi=1 DC (ti ) DC (ti ) + DC (ti )

Let us now consider the case when the collateral agreements for both portfolios do not allow for the rehypothecation. In this case the collateral received cannot be used to match collateral requests to the bank. The
velocity of collateral is quite affected in this different setting: it can still be above 1, but it will surely be much
smaller than the velocity computed in the first case, meaning that the bank cannot achieve the same benefits
when re-hypothecation is allowed.
The data needed to compute VC B are in table 9:
VC B =

Âib=1 |DC P (ti )|
C (t0 ) + Âbj=1 DC R (ti ) DC P (ti ) + DC S (ti )

=

39.90 + 19.45
= 1.90
20.44 + 20.44 + 31.21 + 0.00

0+0
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Time
0
1
2
3
4
5
6
7
8
9
10

V1
100.00
95.89
94.75
96.21
96.08
104.41
91.54
101.32
114.69
127.67
112.42

DC1
-4.11
-1.14
1.46
-0.13
8.33
-12.87
9.77
13.37
12.99
-15.25

V2
100.00
95.89
94.75
96.21
96.08
104.41
91.54
101.32
114.69
127.67
112.42

DC2
-4.11
-1.14
1.46
-0.13
8.33
-12.87
9.77
13.37
12.99
-15.25

TABLE 11: Variations of the values and of corresponding collateral of the two portfolios, assuming they are perfectly
positively correlated and that they start at equal levels at time t0 .

Time
0
1
2
3
4
5
6
7
8
9
10
Total

P.ed Coll.
Port.1
|DC P |

P.ed Coll.
Port.2
|DC P |

R.ed Coll.
Port.1
DC R

R.ed Coll.
Port.2
DC R

Net coll.
Port.1
DC R |DC P |

Net coll.
Port.2
DC R |DC P |

4.11
1.14
0.00
0.13
0.00
12.87
0.00
0.00
0.00
15.25
33.51

4.11
1.14
0.00
0.13
0.00
12.87
0.00
0.00
0.00
15.25
33.51

0.00
0.00
1.46
0.00
8.33
0.00
9.77
13.37
12.99
0.00
45.93

0.00
0.00
1.46
0.00
8.33
0.00
9.77
13.37
12.99
0.00
45.93

-4.11
-1.14
1.46
-0.13
8.33
-12.87
9.77
13.37
12.99
-15.25
12.42

-4.11
-1.14
1.46
-0.13
8.33
-12.87
9.77
13.37
12.99
-15.25
12.42

Add Supp.
Port.1
DC S
0.00000
4.11
1.14
0.00
0.00
0.00
3.21
0.00
0.00
0.00
0.00
8.46

Add Supp.
Port.2
DC S
0
4.11
1.14
0.00
0.00
0.00
3.21
0.00
0.00
0.00
0.00
8.46

TABLE 12: Posted collateral, received collateral and net to be matched by other sources for each of the two portfolios when
the re-hypothecation is not allowed and portfolios are perfectly positively correlated.

Consider now a setting where re-hypothecation is fully possible and the variations of the values of the
two portfolios are perfectly positively correlated. In Table 11 we show the evolution of the two portfolios,
assuming they start at the same level of 100 at time t0 . Table 10 shows all the inputs needed to compute the
velocity of collateral:
VC B =

67.02
Âib=1 |DC P (ti )|
=
= 1.61
b
R
P
S
0
+
24.83
+ 16.92
C (t0 ) + Â j=1 DC (t j ) DC (t j ) + DC (t j )

In this case the velocity of collateral is finite and it is quite immediate to see that the re-hypothecation
feature of the collateral agreements does not play any role here, since the collateral received on a given date
on a portfolio can never be used to cover a collateral request on the same date.
These considerations make us rightly think that the case when re-hypothecation is excluded should yield
the same result. Actually, if we take the input provided in Table 12 and calculate the velocity of collateral, we
get:
VC B =

33.51 + 33.51
Âib=1 |DC P (ti )|
=
= 1.61
b
R
P
S
0
+
12.42
+ 12.42 + 8.46 + 8.46
C (t0 ) + Â j=1 DC (t j ) DC (t j ) + DC (t j )

which confirms that the velocity in both cases is the same.
Finally, consider a setting where the two portfolios’s value variations have the same volatility and they
are not correlated: Table 13 shows the evolutions of the values at each date. The velocity of collateral for the
case when re-hypothecation is allowed is calculated with the inputs in Table 14 :
VC B =

www.iasonltd.com

Âib=1 |DC P (ti )|
=
0
C (t0 ) + Âbj=1 DC R (t j ) DC P (t j ) + DC S (t j )
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Time
0
1
2
3
4
5
6
7
8
9
10

V1
100.00
90.40
94.18
104.22
102.28
78.66
77.38
76.88
71.88
66.01
70.34

DC1
-9.60
3.78
10.04
-1.94
-23.61
-1.29
-0.50
-5.00
-5.87
4.33

V2
100.00
77.37
82.73
100.48
103.93
99.25
122.97
107.35
113.54
122.23
118.50

DC2
-22.63
5.37
17.75
3.44
-4.67
23.71
-15.62
6.19
8.69
-3.73

TABLE 13: Variations of the values and of corresponding collateral of the two portfolios, assuming they are not correlated
and that they start at equal levels at time t0 .

Time
0
1
2
3
4
5
6
7
8
9
10
Total

Posted Coll.
|DC P |

Received Coll.
DC R

Net coll.
DC R |DC P |

32.23
0.00
0.00
1.94
28.28
1.29
16.12
5.00
5.87
3.73
94.45

0.00
9.14
27.78
3.44
0.00
23.71
0.00
6.19
8.69
4.33
83.30

-32.23
9.14
27.78
1.51
-28.28
22.42
-16.12
1.20
2.82
0.60
-11.16

Add.nal Supply
DC S
0
32.23
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
32.23

TABLE 14: Posted collateral, received collateral and net to be matched by other sources when the re-hypothecation is
allowed and portfolios are not correlated.

When collateral re-hypthecation is not allowed, inputs in Table 15 are used to calculate the velocity of collateral:
VC B =

C (t0 ) + Âbj=1

Âib=1 |DC P (ti )|
=
0
DC R (t j ) DC P (t j ) + DC S (t j )

47.81 + 46.65
= 2.08
29.66 + 18.50 + 33.99 + 22.63

The re-hypothecation increases the velocity of collateral as expected.
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Time
0
1
2
3
4
5
6
7
8
9
10
Total

P.ed Coll.
Port.1
|DC P |

P.ed Coll.
Port.2
|DC P |

R.ed Coll.
Port.1
DC R

R.ed Coll.
Port.2
DC R

Net coll.
Port.1
DC R |DC P |

Net coll.
Port.2
DC R |DC P |

9.60
0.00
0.00
1.94
23.61
1.29
0.50
5.00
5.87
0.00
47.81

22.63
0.00
0.00
0.00
4.67
0.00
15.62
0.00
0.00
3.73
46.65

0.00
3.78
10.04
0.00
0.00
0.00
0.00
0.00
0.00
4.33
18.15

0.00
5.37
17.75
3.44
0.00
23.71
0.00
6.19
8.69
0.00
65.15

-9.60
3.78
10.04
-1.94
-23.61
-1.29
-0.50
-5.00
-5.87
4.33
-29.66

-22.63
5.37
17.75
3.44
-4.67
23.71
-15.62
6.19
8.69
-3.73
18.50

Add Supp.
Port.1
DC S
0.00000
9.60
0.00
0.00
0.00
11.74
1.29
0.50
5.00
5.87
0.00
33.99

Add Supp.
Port.2
DC S
0
22.63
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
22.63

TABLE 15: Posted collateral, received collateral and net to be matched by other sources for each of the two portfolios when
the re-hypothecation is not allowed and portfolios are not correlated.

5.

Collateral Strategies

We will review some common strategies that can be used in the usual (front-office) collateral
management to limit the related costs, to optimise the collateral provisioning and to exploit arbitrage
opportunities if they exist.
5.1 Collateral Transformation
Collateral is typically received and paid in cash, but the agreements may also allow to post it in
different ways, e.g.: it can be delivered as a suitable quantity of eligible assets.
Let us start with the case when the bank receives an asset and it wishes to convert it in cash to
match collateral requests in other contracts. The main ways to convert the asset are i) to repo it out
vs cash, ii) to sell/buy back it: both ways produce very similar effects in terms of available cash
during the life of the contract. To determine how much cash the bank can get with the asset, we
need to consider two haircuts:
• H M is the haircut applied on the market price A(t) of the asset when a repo or a sell/buy
back contract is closed: so an amount equal to Cash = (1 H M ) A(t) of cash is received by
the transformation;
• HC is the haircut provided for in the collateral agreement, so that if the collateral to be posted
is C (t), the amount of asset posted as collateral C (t)/(1 H C ).
Assume we have two netted portfolios k and j, whose value is offsetting: both portfolios are
collateralised but one of them allows to post collateral only as cash, whereas the other allows also to
post an eligible asset as collateral, applying the haircut is HC .
The bank receives, on date t, the asset to match the collateral CkR (t) it requests to the counterparty
for the netted portfolio k; the amount of asset received is derived from the equation:

|CkR (t)| = x RA(t) [(1
so that
x RA(t) =

HC ) A(t)]

|CkR (t)|
(1 H C ) A ( t )

The collateral requested by the counterparty of the netted portfolio j is |CjP (t)| = |CkR (t)|. Since

it can be posted only in cash, the bank converts the amount x RA(t) of the asset in cash by repoing it
out,19 raising the cash amount x A(t) :

Cash(t) = x RA(t) [(1
19 A

H M ) A(t)] =

(1
(1

similar reasoning applies also when the bank sells/buys back the asset.
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If the haircut applied on the asset value in the money market is the same as the haircut provided for
in the collateral agreement, the collateral transformation is fully effective, since the cash raised via
the repo is exactly what is needed to match the collateral request CjP (t). If the two haircuts diverge,
the cash can be more or less than the quantity needed to post the collateral.
Example 5.1. Assume at time t the collateral received |CkR (t)| = 100, 000.00; the eligible asset posted as
collateral has a market price of A(t) = 97.00 and the haircut applied, in accordance with the collateral
agreement, is HC = 5%. The quantity of asset posted by bank’s counterparty is:
x RA(t) =

|CkR (t)|
100, 000.00
=
= 108, 518.72
C
(1 5%) ⇥ 0.97
(1 H ) A ( t )

The bank converts the asset in cash by a repo transaction: the haircut applied in the money market on
this asset is H M = 4%, so that the cash received is:
Cash(t) = x RA(t) [(1

H M ) A(t)] = 108, 518.72 ⇥ [(1

4%) ⇥ 0.97] = 101, 052.63

The differential haircuts applied in the money market and in the collateral agreement produce a net extra-cash
of 1, 052.63, which can be used for collateral, or other, purposes.
If the haircut applied in the money market were 6%, than the amount of cash obtained with the collateral
transformation would be:
Cash(t) = x RA(t) [(1

H M ) A(t)] = 108, 518.72 ⇥ [(1

6%) ⇥ 0.97] = 98, 947.37

which is less than the amount needed to match the collateral request of 100, 000.00.
A collateral arbitrage is possible when the ratio (1 H M )/(1 HC ) is above 1, as in the first
case in Example 5.1: the collateral received, after the transformation, is able to cover more than a
corresponding amount of requested collateral (100,000.00). It should be stressed that the collateral
arbitrage does not resemble a typical financial arbitrage, whereby the bank obtains a sure profit
greater than, or equal to, zero without any investment at the set-up. In the collateral arbitrage, there
is no profit that the bank attains; it is rather possible to transform the collateral received so as to
cover a greater amount of collateral that has to be posted. The cost of the transformation is not nil,
since the bank has to pay the secured funding (repo) spread on the cash it receives when delivering
the asset. The (secured) funding spread is paid (although in a lesser quantity) even if the amount of
cash is smaller than the nominal amount of collateral received: the cost is not only paid when the
transformation increases the amount of available collateral, but in any case.
On the other hand, the bank should consider that it pays a smaller funding cost to match the
collateral needs by transforming the collateral. The profit of the collateral arbitrage can be then seen
as a level of funding costs lower than the level paid if the collateral arbitrage were not set up. We
need than define which is the FVA of the bank taking into account also the collateral transformation.
Once we have the amount of raised cash, we can modify the metric FVA we have seen before
to account for the different funding cost to match collateral requests paid in the repo transaction.
Actually, the funding cost paid to supply collateral is for this part not the bank unsecured spread s F
over the risk-free rate, but the repo spread s E , defined as the difference between the the repo rate
and the risk-free rate r r E , a secured funding cost which is clearly smaller than the unsecured
one. The total funding cost paid on the cash collateral originated by the repo is s E ⇥ Cash, or
s E ⇥ (1 H M )/(1 HC )CkR (t).
Following these considerations, we can relatively easily modify formula (13): let a = {1, ..., A}
be the assets that are used in repo (or sell/buy back) contracts to obtain cash; define C aP (t) as the
collateral request at time t that the bank covers with cash originated via collateral transformation of
(1 H M (t))

the asset a; besides, let wa (t) = (1 HC (t)) be the ratio of the percentage net of the money market
haircut to the percentage net of the collateral haircut: we generalise the setting outlined above by
allowing both quantities to be also time dependent. The collateral FVA is then modified as
FVAC (t0 , tb ) = EQ
⇤



Z tb
t0

e

Ru

t0

rv dv F

s (u)CGap(u) + Â s Ea (u)wa (u)C aP (u) + Â s F (t)(1
a
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wa (t))C aP (t)du
(22)
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FIGURE 10: Collateral transformation from an eligible asset to cash and possible profit/loss P.

The secured funding (repo) spread s Ea depends also on the type of asset transformed in cash. The incremental
FVA is modified in the same fashion by including the distinction between secured and unsecured funding.
Equation (22) does not only consider the CGap at each period, which is covered with cash that has to be
funded unsecured in the market, but also all the collateral whose posted cash derives not directly from the
cash received in other netted portfolios, but rather from a transformation into cash of eligible assets received.
The transformation has a cost that equals the (secured) funding repo spread.
The reason why this spread applies to the amount |C aP (t)| is the following:20 : even if the netted portfolios
receive assets as collateral that can be re-hypothecated, it is possible that other netted portfolios allow only for
cash collateral. The re-hypthecation is possible only after the transformation, thus the bank incurs in a cost that
would otherwise be avoided if the collateral were received in cash.
The second line of equation (22) accounts for the difference between the money market and collateral
haircuts: when H M (t) < HC (t), then wa (t) > 1 and the term in the second line reduces the cost of funding paid
to cover the collateral gap, by a fraction (1 wa (t)) (it is negative). In the opposite case, when H M (t) > HC (t),
then wa (t) < 1 and the second line contributes for a the fraction (1 wa (t)) (that is positive) to the increase of
the total funding cost.
The profit of the collateral arbitrage, where it is possible via the collateral transformation, is:
PCA (t0 , tb ) = FVAC (t0 , tb )

FVAC (t0 , tb )
⇤

(23)

where FVAC (t0 , tb ) is defined in equation (13). It should be stressed that only a small part of the profit in (23)
is certain, while the remaining is subject to the future actual evolution of the portfolio and of the (secured and
unsecured) funding spread, and to the possibility to operate collateral transformation at future times. It is
possible also that the quantity PCA (t0 , tb )  0, so that the collateral transformation produces more (expected)
funding costs.
In Figure 10 we represent the mechanics of the collateral transformation from an eligible asset to cash and
when an arbitrage is possible.
Consider now the case when the bank receives cash on the netted portfolio k and delivers the eligible
asset as collateral on netted portfolio j. The cash is trivially Cash(t) = CkR (t). The bank enters a reverse repo
transaction, where it delivers cash to receive a given amount of asset:
x PA(t) =
20 By

|CkR (t)|
Cash(t)
=
(1 H M ) A t
(1 H M ) A t

the way C aP (t) is already included in the CGap(t) at each t.
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FIGURE 11: Collateral transformation from cash to an eligible asset and possible profit/loss P.

This asset is used to post collateral CjP (t):

|CjP (t)| = x PA(t) (1

HC ) At =

(1
(1

HC ) R
|C (t)|
HM) k

The cash received as collateral provides the correct amount of asset if the haircuts applied in the money
market and in the collateral agreement are the same, otherwise there is an imbalance that can benefit or damage
the bank. It is also worth noting that the ratio is in this case the reverse of the similar ratio above, which is in
accordance with the reverse order of the collateral transformation from cash to eligible asset.
To assess if there is any impact on the FVA of the costs associated to the collateral posted after the
transformation, its is worth noting that the bank receives an interest, which is proportional to the repo rate r E ,
on the cash it delivers in the reverse repo. The spread over the risk-free rate s E is in this case earned by the
bank, but this represents no extra-yield: actually, the spread can be seen as the (small) compensation to the
lender for the residual risk it bears when lending money through a secured transaction. When accounting for
expected losses upon default of the secured financing transaction, they match the interests corresponding to
the spread, so that the expected extra-yield s E is nil. If we accept this reasoning, then the FVA is not affected by
the collateral transformation, which produces no cost, but it has only to account for the possible asymmetries
between the money market and collateral haircuts.
⇤
To this end, let us define w⇤a (t) = (1 HC (t))/(1 H M (t)); the FVAC can be defined as:
 Z t
Ru
b
⇤
r dv
FVAC (t0 , tb ) = EQ
e t0 v s F (u)CGap(u) + Â s F (u)(1 w⇤a (u))C aP (u)du
(24)
t0

a

The reduction or the increase of funding costs is given by the ratio w⇤a (t): when it is above 1, or the haircut
on the collateral HC (t) < H M (t), then less funding costs have to be paid an the bank can exploit a collateral
arbitrage. The reverse happens when w⇤a (t) < 1 or HC (t) > H M (t). The profit, or loss, generated by the
collateral transformation is assessed as in equation (23): there is an arbitrage when PCA (t0 , tb ) > 0. Figure 11
schematically shows how the collateral transformation works.
We can finally define the collateral arbitrage as:
Definition 5.1. The collateral arbitrage is the set of transactions the bank can operate to obtain an amount of collateral
greater than the amount of received collateral. These transactions involve the transformation of received collateral (e.g.:
from eligible assets to cash, or the reverse), which implies a cost to be paid by the bank (it is at best nil, as in a reverse
repo). This means that, differently from the financial, the collateral arbitrage does not generate any sure profit, but only
an expansion of available collateral by paying a secured funding cost (or zero). The cost is paid in any case, even if the
transformation does not produce a collateral increase. The (expected) profit of the arbitrage lies in the decrease of the global
FVA of the bank after the collateral arbitrage is implemented.
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5.2

Regulatory LCR/Collateral Arbitrage

The liquidity coverage ratio (LCR) has recently been introduced by the Basel Committee21 and it is designed to
ensure that a bank maintains an adequate level of unencumbered, high-quality assets that can be converted
into cash to meet its liquidity needs for a 30-day time horizon under an acute liquidity stress scenario specified
by supervisors. Just to give a very rough description,22 the LCR is defined as the ratio of the bank’s stock
of high-quality liquid assets divided by a measure of its net cash outflows over a 30-day time period. The
standard requires that the ratio be no lower than 100%:
LCR =

HQLA
NCO

100%

where
• HQLA (High-Quality Liquid Assets) is the stock of liquid assets, issued by creditworthy entities, available
to the bank: it includes cash and unencumbered treasury bonds and corporate bonds that fulfill some
criteria of low credit risk, ease and certainty of valuation and low correlation with risky assets (this will
exclude from the stock bonds issued by financial institutions). Based on the issuer, there is a classification
of the assets in Level 1 and Level 2: Level 2 assets cannot be more than 40% of the total stock. In more
details the HQLA comprises:
- Level 1 Assets: cash; central bank reserves (to the extent that they can be drawn down in times of
stress); marketable securities representing claims on or claims guaranteed by sovereigns, central
banks, non-central government public sector entities, the BIS, the IMF, the EC, and certain multilateral development banks which meet specified criteria; and last, government or central bank
debt issued in domestic currencies by the country in which the liquidity risk is being taken or the
bank’s home country. A bank can hold any sovereign bond issued in domestic currency in its home
country, as well as any sovereign debt in foreign currency, so long as it matches the currency needs
of the bank in that country. The hair cut for Level 1 assets is 0%.
- Level 2A: lower-rated sovereign, central bank and PSE bonds, qualifying for 20% risk weighting;
and high quality covered bonds, with a minimum credit rating equal to AA-, however subject to
some haircuts. It is required to apply an 85% factor to be multiplied against its total amount, or a
15% haircut.
- Level 2B: RMBS (25% haircut), corporate bonds and equities (under some conditions, with a haircut
of 50%), and a few other assets with a haircut of 50%.
• NCO is the total net cash outflow occurring during a period of 30 days next to the calculation of the
index.
The LCR 100% is the regulatory requirement for banks that run their business in nations adopting the
Basel standards, so it is a constraint in the composition of the portfolio of assets. It is very likely that the assets
included in the HQLA pool are the same provided for in the collateral agreements between the bank and other
counterparties, since an asset is considered eligible if it has some features that typically are common both in
the LCR regulation and in derivative contracts.
It is often the case that the haircut (possibly nil) applied to an asset to comply with the LCR regulation is
different from the haircut applied in bilateral (or with CCPs) collateral agreements. For a given asset A, eligible
for LCR and for a collateral agreement, let HLCR be the haircut applied when it is included in the HQLA of
the LCR.
Assume once again we have two netted portfolios k and j, whose value is offsetting: for both portfolios the
collateral can be posted either in cash or in an eligible asset whose value is A(t) at time t, when the amount
of collateral received CkR (t) matches (with the opposite sign) the amount to posted CjP (t). Besides, let H R the
haircut applied on the eligible asset when it is received as collateral for portfolio k, and, respectively H P the
haircut applied on the eligible asset when it is posted as collateral for portfolio j. We can identify two cases:

• Assume that the value in t of the bank’s LCR = l (l 100% is the regulatory requirement) and consider
the case when HLCR < H R : when the asset is received as collateral, it is possible to exploit the following
regulatory LCR/collateral arbitrage:
1. Insert the asset in the HQLA set, for an amount equal to x R
= |CkR (t)|/[(1
A(t)
as collateral on the netting portfolio k;

H R ) A(t)] received

2. Remove an amount of cash Cash = |CjP (t)| and use to fulfill the collateral call on portfolio j.
21 The
22 For

final document providing the rules on how to calculate the LCR is BIS [1].
more details, please refer to chapter 4 of Castagna and Fede [9].
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FIGURE 12: Possibility to exploit a regulatory LCR/collateral arbitrage when the eligible asset is received as collateral.

After these two operations, the LCR increases at a new value LCR = l 0 > l, because the numerator
HQLA0 has been modified as follows:
HQLA0 = HQLA

Cash + x R
A(t) A ( t )(1

HLCR ) = HQLA

|CjP (t)| + |CkR (t)|

(1 HLCR )
(1 H R )

(1 HLCR )

and, by assumption, (1 H R ) > 1 and since |CjP (t)| = |CkR (t)|, we have that HQLA0 > HQLA, thus
implying a higher level of the LCR. This means that more cash and eligible assets can be withdrawn from
the HQLA pool, until the old level l is reached again and the bank is still compliant with the regulatory
minimum level. In Figure 12 we graphically show how the regulatory LCR/collateral arbitrage works.
• Consider now the case when HLCR > H P : when the cash is received as collateral, it is possible to set up
the following regulatory LCR/collateral arbitrage:
1. Put the cash in the HQLA set, for an amount equal to Cash = |CkR (t)|[(1

H P ) A(t)];

2. Remove an amount of the asset A equal to cash x PA(t) = |CjP (t)|/A(t) and use to partially fulfill the
collateral call on portfolio j for a fraction
x PA(t) [(1 H P ) A(t)]=

|C jP (t)|
A(t)

[(1 H P ) A(t)];

3. Use the remaining cash Cash = x PA(t) A(t)H P received as collateral for portfolio k to completely
match the collateral request for portfolio j.
Also in this case, as we have seen above, after these two operations, the LCR increases at a new value
LCR = l 0 > l because of a higher numerator HQLA0 :
HQLA0 = HQLA + Cash

= HQLA +

x PA(t) [(1

|CkR (t)|
[(1
A(t)

HLCR ) A(t)]

H P ) A(t)]

|CjP (t)|
A(t)

[(1

HLCR ) A(t)]

Since |CjP (t)| = |CkR (t)| and, by assumption, [(1 H P ) A(t)] [(1 HLCR ) A(t)], then HQLA0 > HQLA
and the final outcome is a higher level of the LCR. As before, this means that more cash and eligible
assets can be withdrawn from the HQLA pool and are available for collateral or other purposes. In
Figure 13 we show how the arbitrage works in this case.
We can sum up the results we have obtained and define the regulatory LCR/collateral arbitrage:
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FIGURE 13: Possibility to exploit a regulatory LCR/collateral arbitrage when cash is received as collateral.

Definition 5.2. When the haircut applied to an eligible of a collateral agreement differs from the haircut (provided by
the regulation) applied to the same asset in the LCR, then it is possible to set up a regulatory LCR/collateral arbitrage,
which will allow the bank to have more cash or eligible asset’s amount available than the corresponding amount received as
collateral. To implement the arbitrage, the bank needs that the eligible asset be received as collateral when HLCR  H R :
then it can be transformed in cash with an increase of the LCR; in the opposite case, when HLCR H R , the bank needs
receive cash as collateral, which can be transformed into the eligible asset with an increase of the LCR. In both cases, an
amount of collateral, greater than that one received, will be available to the bank.

Example 5.2. To show how to practically exploit the regulatory LCR/collateral arbitrage, consider the case when the bank
is Italian and has two netted portfolios perfectly offsetting each other. One of them is centrally cleared with the London
Clearing House (LCH), whose collateral agreement allows to post collateral for the initial margin (I M) also in bonds. In
Annex A we show the haircuts applied by LCH on a set of eligible bonds, on 16th August 2013. The other portfolio is
subject to a bilateral CSA agreement, whereby the collateral can be posted in cash or in one of the eligible assets designated
in the contract.
Assume the bank receives from LCH 1,000,000 EUR collateral in 5Y BTPs, whose market price is 98.00. The collateral
received can be due to a lower risk of the portfolio, that entails a lower I M and hence a return of collateral, previously
posted, from LCH. The haircut applied on a 5Y Italy BTP is H R = 7.75%, so for an amount of 1,000,000 EUR collateral,
an amount of BTPs
xR
A(t) =

|CkR (t)|
1, 000, 000
=
= 1, 106, 133.51
(1 7.75%)0.98
(1 H R ) A ( t )

is received by the bank.
The bank can put this amount in the LCR, as an asset of Level 1 whose haircut is HLCR = 0% and correspondingly
withdraw an amount of cash equal to 1,000,000 EUR to post as collateral, increasing the numerator HQLA by an amount
Cash + x R
A(t) A ( t )(1

= 1, 000, 000
= 106, 133.51

HLCR ) =

1, 000, 000 ⇥ 0.98
(1 7.75%) ⇥ 0.98

|CjP (t)| + |CkR (t)|

(1 HLCR )
(1 H R )

This amount can be further deducted from the HQLA, by withdrawing cash for example, to fulfill other collateral requests or
for
other
purposes.
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FIGURE 14: Allocation to the relevant desks of the different components of the value to the bank of a derivative contract.

Assume now that, differently from the case above, the 1,000,000 EUR collateral received back by the bank is cash. The
bank has in its HQLA pool 1,000,000 EUR 5Y Government bond issued by Portugal, whose market price is 95.00.
From the CSA agreement in Annex B (which serves just as an example of bilateral collateral agreement), we can see
that the haircut applied for this type of security is H P = 2% (or, 1 minus the valuation percentage indicated in the
contract). This bond is included in the Level 2A group (since the bank is Italian and the issuer is a country different
from Italy), and hence it is subject to a haircut of 15%.23 The bank puts the 1,000,000 EUR received in the HQLA
pool and it withdraws an amount of Portugal Government Bonds equal to amount of collateral to be posted: x PA(t) =

|CjP (t)|/A(t) = 1, 000, 000/0.95 = 1, 052, 631.58 so that the fraction of requested collateral that can be fulfilled is:
x PA(t) [(1

=

H P ) A(t)] = |CjP (t)|/A(t)[(1

1, 000, 000
⇥ [(1
0.95

H P ) A(t)]

2%) ⇥ 0.95] = 980, 000.00

To match completely the collateral request, an additional amount of Cash = 20, 000 EUR is withdrawn from the
HQLA, so that |CjP (t)| = 980, 000.00 + 20, 000.00 = 1, 000, 000. The net increase of the numerator HQLA is then:
Cash

=

x PA(t) [(1

|CjP (t)|
|CkR (t)|
[(1 H P ) A(t)]
[(1 HLCR ) A(t)]
A(t)
A(t)
1, 000, 000.00
2%) ⇥ 0.95]
[(1 15%) ⇥ 0.95] = 130, 000.00
0.95

HLCR ) A(t)] =

1, 000, 000.00
[(1
0.95

So the bank has now 130,000.00 EUR extra cash that can be used for collateral or other different purposes.

Finally, we have to assess the profit arising from the regulatory LCR/collateral arbitrage: also here, as in the
case of the collateral transformation, the profit is the reduction of the FVA after the arbitrage is implemented.
The same considerations on the uncertainty of the future profits applies also to LCR/collateral arbitrage.
⇤
Let FVAC (t0 , tb ) the funding value adjustment take accounts for extra-cash generated by the LCR/collateral
arbitrage, which reduces the need to fund collateral requests. Besides, let LBCLCR (t0 ) be the cost to hold the
⇤
liquidity buffer implied by the LCR ratio, and LBCLCR (t0 ) the same cost after the LCR/collateral arbitrage is
set up.24 The arbitrage profit is:
P LA (t0 , tb ) = [FVAC (t0 , tb )

FVAC (t0 , tb )] + [LBCLCR (t0 )
⇤

⇤

LBCLCR (t0 )]

(25)

The profit of the arbitrage can be assessed only at an aggregated basis, considering also the cost related to the
holding of the LCR-implied liquidity buffer, since the strategy involves a modification of the composition of
the existing buffer.

23 See
24 See

BIS [1], par. 52.
Castagna and Fede [9], ch. 7, for a possible method to measure the liquidity buffer costs.
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6.

The Collateral Management Desk and the Dealing Room

In the Introduction of this paper, we defined the collateralisation and the collateral in a way that highlighted its
links to the liquidity and funding management. These links should now be even clearer after we discussed the
collateral allocation tools and the strategies in previous chapters.
The collateral management, in our opinion, cannot be really be separated from the liquidity and funding
management, since the future positive or negative cash flows, deriving from the collateralisation activity, cannot
be managed without considering the overall bank’s cash position. Moreover, the funding of negative cash flows,
and the planning of future funding, has to be outlined on an aggregated basis taking into account the bank’s
comprehensive future funding needs.
A similar argument, supporting the inter-dependencies between the collateralisation activity and the repo
activity, can be presented too: it is quite clear that the collateral management involves trading in contracts
typically dealt by the Repo Desk, such as repo, buy/sell back and security lending. It is quite immediate to
argue that the Collateral Management and the Repo Desks should work in tight cooperation. Besides, Repo
Desks are often a part of bank’s Treasury, together with the Funding Desk, already in the current organisation
of many banks, due to the secured funding aspect of many repo (or sell/buy back) transactions.
In the end, we think that the Funding, Repo and Collateral Management Desks should be distinct, but
all included within the more ample perimeter of the bank’s Treasury, to make easier and more effective the
manifests inter-dependencies and connections amongst their activities. Also the skills required to traders for all
the three Desks are similar and, more specifically, referring to the ability to work in the money and capital
markets, even though the understanding of derivative risk management will be a fundamental requisite for the
entire modern Treasury.
In fact, the Treasury will deal not only with the liquidity and funding management, but also the management
of the LVA and FVA quantities, which, although broadly speaking still refer to funding and liquidity, can be at
the same time seen as complex hybrid derivatives that must be monitored and managed by the same skills
needed on a derivative desk.
The new organisation of the bank, and more specifically of the dealing room, should firstly focus on
the allocation of the value components of a contract included in the bank’s portfolios, amongst the different
desks.25 In Figure 14 we visualise the allocation to different desks of the value to the bank of the contract:
• The “pure” value (i.e.: without considering collateralisation, liquidity and credit effects) remains in the
derivative desk that traded it (e.g.: IRD Desk in case of a swap);
• The Credit Value Adjustment (CVA) is passed to the Credit Treasury Desk, which is the desk managing
the counterparty credit risk of the bank on an aggregated basis;
• The LVA and the FVA are passed to the Treasury Department, which includes the Repo Desk, the
Collateral Management Desk and the Funding Desk.
It should be noted that the DVA is not part of the value of the contract, but a cost that is either covered or not
covered by the margin the bank manages to attach to the contract.26
The LVA, FVA and CVA components should computed on an incremental basis for each deal, as we have
seen analysing the collateral allocation tools: there we did not study the full FVA (i.e.: the funding adjustment
due to factors other than the collateralisation) nor the CVA, but their calculation can be operated by the same
token.
The Treasury Department manages the LVA and FVA collectively: it is an activity run in strict cooperation
amongst the tree desks belonging to the department, although the LVA can be assumed to be monitored by
the Collateral Management, the secured fraction of the FVA by the Repo Desk and, finally, the unsecured part
of the FVA by the Funding Desk. The access to a global view of the TSAA is essential to both the Collateral
and Repo Desk, whereas a global view of the Term Structure of Cash Flows (TSCF) and the Term Structure of
Expected Liquidity (TSLe ) is useful to all the three desks.27
In addition to the monitoring of the LVA and FVA, some activities can be considered specific to the
Collateral Desk. In more detail, the Collateral Management Desk will be focussing on the optimisation of the
allocation of collateral, on the effective use and re-hypothecation of the received collateral, on the transformation
strategies and regulatory LCR/collateral arbitrage.
In Figure 15 we show how the three desks of the Treasury are related. The Collateral Desk receives or
delivers cash or securities as collateral to or from bank’s customers and other banks/dealers. The (either
positive or negative) cash variations affect the expected collateral projections, but more generally and at a more
25 For a discussion on the difference between price and value to the bank of a contract, see Castagna [7] and Castagna and
Fede [9], ch. 10. For a discussion of the relevant components that should be included in the value, see Castagna [8].
26 See Castagna [5], [6] and [8].
27 See Castagna and Fede [9], ch. 6, for the definitions of TSCF and TSL .
e
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FIGURE 15: The operations of the different desks of the Treasury with the market and the internal relation with other
desks in affecting the TSAA and the TSL.

aggregated level, they affect the TSL which is monitored also by the Funding and Repo Desks. The positive or
negative variations in one or more securities affect the TSAA, which is monitored also by the Repo Desk.
The Repo Desk operates typically in the credit (money) market via secured finance transactions involving
cash vs securities, flowing both ways; the desk also operates directly with other banks/dealers and customers.
Also in this case, the variations in cash and in securities affect, respectively, the TSL and the TSAA, monitored
by the Funding and Collateral Desks too.
Finally, the Funding Desk operates in the credit and (longer term) capital markets and in the equity market
to fund the short and long term activity of the bank. The transactions of the Funding Desk involve cash
variations that affect the TSL, which is monitored also by the Repo and Collateral Desks.
It is also worth noting that at least other two trading desks, not belonging to the Treasury, may play a role,
broadly speaking, in the collateralisation activity: the Equity and Bond Desks. These desks operate in the
exchanges or in the OTC markets or with customers, when providing dealing services. The cash they receive or
pay after selling or buying a security goes into the TSL, while the security enters the TSAA. Depending on
the trading strategies of the two desks, the securities dealt by them could be used as collateral: a coordination
with the Collateral Desks, or with the Repo Desk, is more difficult but still possible and useful to improve the
collateral management.

7.

Conclusion

In this article we have analysed the Collateral Management activity within a proposed framework that considers
the bank’s internal demand and supply of collateral. The framework allows to easily identify the tasks related
to the effective collateralisation activity, and the tools the bank needs to use to complete them. This implies
deep changes in banks’ processes and organisation.
Future research should focus on market instruments to manage and mitigate the risks related to the
collateralisation activity.
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Appendix
A.

Haircuts Applied by LCH on Eligible Assets as of 16th August
2013

LCH.Clearnet Ltd Securities Acceptable for Margin Cover Purposes
Government Securities
Term
(Description & Bloomberg Code)
11 business days <= 1yr
> 1yr <= 3yrs
Australian Treasury Bill (ACTB)
> 3yrs <= 7yrs
Australia
Australian Government Bond (ACGB)
> 7yrs <= 11yrs
> 11yrs <= 30yrs
> 30yrs
4 business days <= 1yr
> 1yr <= 3yrs
Austrian Treasury Bill (RATB)
> 3yrs <= 7yrs
Austria
Austrian Government Bond (RAGB)
> 7yrs <= 11yrs
> 11yrs <= 30yrs
> 30yrs
4 business days <= 1yr
> 1yr <= 3yrs
Belgian Treasury Bill (BGTB)
Belgium
> 3yrs <= 7yrs
Belgian Government Bond (BGB)
> 7yrs <= 11yrs
> 11yrs <= 30yrs
10 calendars days <= 1yr
> 1yr <= 3yrs
Canadian Treasury Bill (CTB)
> 3yrs <= 7yrs
Canada
Canadian Government Bond (CAN)
> 7yrs <= 11yrs
> 11yrs <= 30yrs
> 30yrs
6 business days <= 1yr
> 1yr <= 3yrs
Danish Treasury Bill (DGTB)
> 3yrs <= 7yrs
Denmark
Danish Government Bond (DGB)
> 7yrs <= 11yrs
> 11yrs <= 30yrs
> 30yrs
4 business days <= 1yr
> 1yr <= 3yrs
Finnish Treasury Bill (RFTB)
> 3yrs <= 7yrs
Finland
Finnish Government Bond (RFGB)
> 7yrs <= 11yrs
>11yrs <= 30yrs
> 30yrs
4 business days <= 1yr
Bond du Trésor à Taux Fixe e Intérêt Précompté (BTF) > 1yr <= 3yrs
Bond du Trésor à Taux Fixe e Intérêt Annuel (BTAN)
> 3yrs <= 7yrs
France
Obbligation Assimilables du Trésor (FRTR)
> 7yrs <= 11yrs
> 11yrs <= 30yrs
> 30yrs

44

16-Aug-13

Base
Haircut
0.63%
1.00%
2.25%
2.75%
4.25%
4.25%
0.25%
1.00%
2.75%
3.00%
6.50%
6.50%
1.25%
3.00%
6.00%
7.75%
10.50%
0.25%
0.88%
1.63%
3.25%
8.00%
8.00%
0.38%
1.38%
2.00%
2.63%
4.75%
4.75%
0.25%
1.00%
2.00%
2.25%
3.75%
3.75%
0.50%
1.50%
4.00%
5.25%
8.75%
8.75%
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LCH.Clearnet Ltd Securities Acceptable for Margin Cover Purposes
Government Securities
Term
(Description & Bloomberg Code)
3 business days <= 1yr
German Treasury Bill (BUBILL)
> 1yr <= 3yrs
Bundessschatzanweisungen (BKO)
> 3yrs <= 7yrs
Germany
Budensobligationen (OBL)
> 7yrs <= 11yrs
Deutsche Bundesrepublik (DBR)
> 11yrs <= 30yrs
> 30yrs
3 business days <= 1yr
Buoni Ordinari del Tesoro (BOTS)
> 1yr <= 3yrs
Italy
Buoni del TEsoro Poliennali (BTPS))
> 3yrs <= 7yrs
Certificati di Credito del Tesoro (CCTS/ICTZ) > 7yrs <= 11yrs
> 11yrs <= 30yrs
6 business days <= 1yr
> 1yr <= 3yrs
Japanese Treasury Bill (JGTB)
> 3yrs <= 7yrs
Japan
Japanese Treasury Discount Bill (JGTDB)
> 7yrs <= 11yrs
Japanese Government Bond (JGB)
> 11yrs <= 30yrs
> 30yrs
5 business days <= 1yr
> 1yr <= 3yrs
> 3yrs <= 7yrs
Luxembourg Luxembougois Government Bond (LGB)
> 7yrs <= 11yrs
> 11yrs <= 30yrs
> 30yrs
10 business days <= 1yr
> 1yr <= 3yrs
Dutch Treasury Bill (DTB)
> 3yrs <= 7yrs
Netherlands
Dutch Government Bond (NETHER)
> 7yrs <= 11yrs
> 11yrs <= 30yrs
> 30yrs
9 business days <= 1yr
> 1yr <= 3yrs
Norwegian Treasury Bill (NGTB)
> 3yrs <= 7yrs
Norway
Norwegian Government Bond (NGB)
> 7yrs <= 11yrs
> 11yrs <= 30yrs
> 30yrs
3 business days <= 1yr
> 1yr <= 3yrs
Spanish Letras del Tesoro (SGLT)
Spain
> 3yrs <= 7yrs
Spanish Government Bond (SPGB)
> 7yrs <= 11yrs
> 11yrs <= 30yrs
4 business days <= 1yr
> 1yr <= 3yrs
Swedish Treasury Bill (SWTB)
> 3yrs <= 7yrs
Sweden
Swedish Government Bond (SGB)
> 7yrs <= 11yrs
> 11yrs <= 30yrs
> 30yrs
9 business days <= 1yr
> 1yr <= 3yrs
United
United Kingdom Treasury Bill (UKTB)
> 3yrs <= 7yrs
Kingdom United Kingdom Gilt (UKT)
> 7yrs <= 11yrs
> 11yrs <= 30yrs
> 30yrs
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16-Aug-13

Base
Haircut
0.25%
0.88%
2.00%
2.75%
6.38%
6.38%
1.75%
3.75%
7.75%
9.50%
9.75%
2.00%
2.25%
4.00%
4.50%
8.75%
8.75%
0.50%
1.25%
2.00%
2.88%
6.25%
6.25%
0.25%
0.88%
2.00%
2.25%
6.75%
6.75%
0.25%
1.25%
2.25%
3.75%
4.00%
4.00%
1.25%
3.50%
7.75%
10.25%
13.00%
0.13%
1.75%
2.50%
2.88%
4.13%
4.13%
0.25%
1.00%
3.50%
5.25%
6.50%
8.25%
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LCH.Clearnet Ltd Securities Acceptable for Margin Cover Purposes
Government Securities (Description & Bloomberg Code) Term

United
States

GNMA Mortgage backed Securities
(Description & Bloomberg Code)

Term Since Issue

Government Agencies
(Description & Bloomberg Code)

12.00%
14.50%
N/A

Term

Federal National Mortgage Association (FNMA)
Federal Home Loan Mortgage Corporation (FHLMC)
Federal Home Loan Banks (FHLB)

US Agencies

Base Haircut

New (0 - 30 months)
Medium (30 - 60 months)
Seasoned (> 60 months)

General National Mortgage
Association (GNMA)

US Agencies

Base
Haircut
0.25%
1.38%
3.50%
5.25%
7.75%
7.75%

3 business days <= 1yr
> 1yr <= 3yrs
> 3yrs <= 7yrs
> 7yrs <= 11yrs
> 11yrs <= 30yrs
> 30yrs

United States Treasury Bill (B)
United States Treasury Bond (T)

US MBS

16-Aug-13

Kreditanstalt für Wiederaufbau (KfW)

Securities issued under
Government Credit Guarantee Schemes
Australia

Government Guaranteed Bonds

Austria

Government Guaranteed Bonds

France

Government Guaranteed Bonds

Germany

Government Guaranteed Bonds

Netherlands

Government Guaranteed Bonds

Sweden

Government Guaranteed Bonds
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Base Haircut

3 business days <= 1yr
> 1yr <= 3yrs
> 3yrs <= 7yrs
> 7yrs <= 11yrs
> 11yrs <= 30yrs
3 business days <= 1yr
> 1yr <= 3yrs
> 3yrs <= 7yrs
> 7yrs <= 11yrs
> 11yrs <= 30yrs

Term

0.75%
1.50%
4.00%
5.00%
8.25%
0.63%
1.25%
2.25%
2.63%
6.63%

Base Haircut

3 business days <= 1yr
> 1yr <= 3yrs
3 business days <= 1yr
> 1yr <= 3yrs
3 business days <= 1yr
> 1yr <= 3yrs
3 business days <= 1yr
> 1yr <= 3yrs
3 business days <= 1yr
> 1yr <= 3yrs
3 business days <= 1yr
> 1yr <= 3yrs

1.25%
3.00%
1.00%
3.25%
1.00%
4.00%
0.75%
2.75%
0.75%
2.75%
0.75%
4.50%
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FX
Haircuts

Additional

Market of Issue

Excluded Instruments
Concentration Controls

Other Stipulations
To capture the potential FX exposure related to cover being provided in a
currency other than the underlying liability, a 4% incremental FX haircut
will be applied to all securities, regardless of the currency of the asset.
Certain collateral can at times be subject to additional haircuts above
those stated. Members lodging this collateral will be contacted directly as
appropriate, and further detail can be obtained by contacting CaLM Risk.
Government securities must be issued in the home country of the issuer
and be denominated in the domestic currency to be acceptable.
Government agencies and securities issued under Government Credit
Guarantee Schemes must both be issued in the home country of the issuer
and be denominated in the domestic currency to be acceptable. These
instrument categories to be maintained using ISIN list.
Zero coupon bonds, stripped bonds and perpetual bonds.
In addition to the concentration limits in place upon particular asset types
as noted above, LCH.Clearnet reserves the right to manage specific concentrations in margin collateral in all circumstances. Where positions are
considered to be excessively concentrated, members will be contacted
directly with a view to re-alignment of their portfolio.

Other Collateral
(Description & Bloomberg Code)
Precious Metals
Gold Bullion (XAU)
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Term

Base Haircut
14.00%

47

Research Paper Series

B.

Valuation Percentage for a Set of Eligible Assets in a CSA
Agreement Signed as of 6th June 2011

Cash in an Eligible Currency: 100 per cent.
Negotiable debt obligations denominated in ad Eligible Currency: as set out in the table below.
Eligible credit support
Negotiable debt obligations issued after 18
July 1984 by the US Treasury Department
(AAA rated)

Negotiable euro-denominated debt issued
by the Government of the Federal Republic
of Germany (AAA)

Negotiable euro-denominated debt issued
by the Government of the Republic of
France (AAA)

Negotiable euro-denominated debt issued
by the Government of the Kingdom of
Belgium

Negotiable Sterling-denominated debt
issued by the Government of the Kingdom
of United Kingdom (AAA)

Negotiable euro-denominated debt issued
by the Government of Italy

Negotiable euro-denominated debt issued
by the Government of Kingdom of
Netherlands (AAA)

Negotiable euro-denominated debt issued
by the Government of Portugal

Remaining Maturity
1
3
5
7
10
15
1
3
5
7
10
15
1
3
5
7
10
15
1
3
5
7
10
15
1
3
5
7
10
15
1
3
5
7
10
15
1
3
5
7
10
15
1
3
5
7
10
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Valuation Percentage
99.5%
98.2%
96.6%
95.3%
93.9%
92.7%
99.6%
98.7%
98.0%
97.5%
96.8%
95.9%
99.6%
98.7%
98.0%
97.5%
96.8%
95.9%
99.6%
98.7%
98.0%
97.5%
96.8%
95.9%
99.6%
98.5%
97.9%
97.2%
96.7%
95.7%
99.6%
98.7%
98.0%
97.5%
96.8%
95.9%
99.6%
98.7%
98.0%
97.5%
96.8%
95.9%
99.6%
98.7%
98.0%
97.5%
96.8%
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