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Since counterparty risk has a price {CVA as defined in Chapter 7) then an immediate
question is what defines this price. The prive of u financial instrument can generally be
defined in one of two ways:

o The price represents an expected value of future cashflows, incorporating some
adjustment for the risk that is being taken (the risk premiumy. We will call this the
cetrrial price.

o The price s the cost ol an associated hedging strtegy. This is the risk-meniral
price.

A price delined by hedging srguments may olien dilfer dramatically from one based on
cxpected value +risk premium. Hence. it s natural o ask ourselves into which camp
CWA Talls. The snswer is, unfortunately, both since CVA cun be partially but not
perfectly Tedged. In the above example, we considered hedging o current exposure of
S10m, but in this case future changes in exposure would not be hedged. Hence, one must
account For any hedging possibilities or requirements when assessing counterparty rsk
bul realise that pricing counterpanty risk is not a totally “risk-neutral problem™. An
mstitution must also assess the residual risk thor will always exist and ensure that this is
correctly understood, managed and priced (e the return of a transaction provides
adequate compensation for the risk it ultimately creates), Hedging uspects in relation
1o counterparty risk are discussed in Chapler 9.

144 Capital requirements and counterparty risk

The concept of assigning capital agzainst financial risks is done in recognition of the fact
that unexpected losses are best understeod at the portiohio level, rather than the
transaction level, Capital reguiremients may be cconomic fealculated by the institution
i guestion for aceurate quantification of risk) or regulatory Gimposed by regulators),
Either way, the role of capiial i to act as o buller against unexpected losses. Henee,
while pricing counterparty misk imvolves assessment of expected losses at the counter-
paarty level, the comeept of capital allows one to make decisions at the portfolo level (lor
example, all counterparties an mstitution trades with) and consider unespected as well
as expected Losses,

The computation of capital for & credit portfolio s a rather complex issue since the
correlution for more generally dependency) between the defuults of different counter-
parties must be quantified. A high positive correlation {strong dependencyy means that
multiple defuults are possible which will therefore increase the unexpecied loss and
assecinted copitul numbers, Assessment of capital For coumterparty risk is cven more
mmportant due 1o the asymmetric nature of exposure. One must not only undersiand the
correlation between counterparty default events, bat also the correlation between the
resulting exposures. For example. suppose an institution has a transaction with counter-
party A and hedges that transaction with conpterparty & This means the MM positions
with the two counterparties will always olfset one another and canror therefore be both
positive. Hence, default of both counterpartics 4 and 8 will create only o single loss in
relation to whichever counterparty the insntution has exposure 1o at the default time.
Essentially. the negative correlation of the exposures reduces the overall risk. [n case the
MM values of tmsaction with counterparty o and 8 were positively correlated then
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joint default would be expected to give rise to a greater loss. These ideas will be covered
in more detail in Chapter 10,

2.5 METRICS FOR CREDIT EXPOSURE

In this section, we define the measwres commonly used to quantify exposure. There is no
standard romenclature used and some terms may be wsed in other contexts elsewhere.
We follow the Basel Commitice on Banking Supervision (2005} definitions, which are
probably the most commonly used although, unfortunately, not the most ntutavely
named,

In mainstream financial risk management. value-at-risk (VAR) has proved to be a
popular single metric o characterise risk, Howewver, the characterisation of fulure
exposure for counterparty risk will require the definition and use of several metrics.
There are several rensons For the inereased complesity of definition:

o Unlike tradition single-horizon risk measures such as VAR, credit exposure needs 1o
be defined over multiple time horizons to fullyv understand the impact of the time and
specatics of the underlving contracts,

s Counterparty risk is looked at from both o pricing and risk management viewpoini,
which require different metrics,

e [ looking at counterparty sk al a portfedio level {many counterpartics), il s
important to understand the elfective exposure or “loan equivalemt™ exposure with
respect 1o each counterparty.

We begin by delining exposure metres for o given time horizon.

251 Expected MiM

This compaonent represents the Forward or expected value of @ transaction at some point
in the future. Due o the relatively long time horizons involved in messuring counter-
party risk, the expeeted MM can be an important component, whereas for market risk
VAR assessment (involving only a time horizon of [0 days), it is typically not, Expected
MM may vary significantly from current MM due w the specifics of cush flows,
Forward rates are also o key factor when measuning exposure under the risk-neutral
measure (discussed in more detuil in Chapler 3,

2.5.2  Expected exposure

[ue to the asymmetry of losses deseribed above, an mstitution typically cares only
ahout positive MM values since these represent the cases where they will make @ loss if
their counterparty defaults, Hence, it is natural to ask what the expected exposure (EE)
15 since this will represent the amount expected 1o be lost if the counterparty defauhs. By
definition. the EE will be greater than the expected MM since it concerns only the
positive MM values,
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Figure 2.6. Hlustration of the exposure metrics EE and PFE, The grey area represents positive
MM walues ar exposure,

253 Potential future exposure

I risk management, it is nutural o ask ourselves wihar i She worse exposiee we conld
heve af a cortain time dn the futere? A PFE will answer this question with reference to
certain confidence level, For example, the PFE at a confidence level of 99% will define
an exposure that would be excecded with a probabality of mo mere than 1% {one minus
the confidence level). We see that the definition of PFE is exactly the same as the
traditional measure of vithue-at-risk (VAR with two notable exceptions:

o PFE may be defined at a point far in the future (oo several vears) whereas VAR
typieally refers o a short (eg. [-day) horizon,

o PFE refers to o number that will normally be associated with o gain {exposure)
whereas traditional Y AR refers 1o o loss,

This last point 5 important; YAR s trving to predict @ worst=case fosy whercas PFE s
actually predicting a worst-case gain'™ since this is the amount at risk i the COLTHET R
defaulis.

The three exposure metrics discussed so far are illustrated o Figere 2,6,

254 EFE and PFFE for @ normal disiribution

I Appendix 2.4 we give simple formuolas for the EE and PFE for o norma] distribuatios,
These Tormulas are reasonably simple to compte and will be useful for some examples
wsed throughowt this book.

Spreadsheet 2.2, EE and PEFE for o normal distribution.

255 Overview of exposure metrics
I Figure 26, we illustrated the EE and PFE exposure metrics wath respect Lo a

L iabess s an eanrente cant the expevred MM is sery memoiae o evern 1he Wi case AP use 1 BEr0
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Figure 2.9, [Hustragion of maximum PFE

approaches of petting and collateralisation. We have discussed various ways of quanti-
fving and managing counterparty risk Trom the traditional approach of eredit lines to
the more sophisticated approaches of pricing and capital allecation. The concept of
hedging us applicd 1o counterparty risk has been introduced. Finally. some key
defimtions of potential Muiure expasure (PFEL expected exposure (EE) and expected
positive exposure (EPE) have been given. ALl ol these aspeets will be expanded upon
heavily in the forthcoming chapters. Chapter 3 will deal in depth with the mitigation of
counterparty risk.

APPENDIX 2.A: CHARACTERISING EXPOSURE FOR
A NORMAL DISTRIBUTION

Consider a normal distribution with mean gojexpected MM ) and standard deviation (of
the MM} & Let us calculate analytically the two dilferent exposure metries discussed.
Under the normal distribution sssumption, the MiM value of the portfolio in question
(for an arbirary tme horizon) is given by:

Vo= i+ al,

where 7 is o standard pormal variable.

(1) Patential future exposure { PFE)

This measure is exactly the same as that used for value-ut-risk calculations. The PFE at
a given confidence level o, PFE, . tells us an exposure that will be only exceeded with a
probability given by no more than 1 — o, For a normal distribution, f s defined by a
point a certain number of standard deviations away from the mean:

PEE, = i + ab Mo,
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where @' ) represents the inverse of @ cumudative normal distribution function (this
is the function NORMSINV{ . 1 in Micresoft Excel ™). For example, with @ confidence
level of o = 99%, we have @ '(99%) = +2.33 and the worst case exposure is 2.33
standurd deviations ahove the expected MM,

2} Expected exposiee (EE)
Exposure is given by;
Fo= max( L0} = maxip 4 o2, 0]

The EE detines the expected value knowing the MM is positive so it represents the
average of only the positive MeM ovalues in the lture. The expected exposure is
iherefoge:

<
EE = J. [pe b axheladde = ol u/m) + oo/,
w

where of .1 represents @ normal  distribwtion function  (this s the function
NORMDISTI ) in Microsoft Excel™ with additional parameters 0. 1 and “Talse™)
and @3 represents the comulative normal distnibution function (this s the funciion
NORMSDIST{ . ) in Microsoft Excel™ ) We see that EE depends on both the mean
and the standard deviation; as the standard deviation increases so will the EE In the
speci] cose of =0 we have

EE, = asil) = a2 = 040s.

{3) Expected positive exposire

The above analysis is valid only for a single point in time, Suppose we are looking at the
whole profile of exposure defined by 17[5) = yr + #y/17. Now we re-define = 1o be an
anral stamdard deviation (volanility). The EPE, assuming @ zero mean as alosve and
mtegrating over time. would be:

I )

LS, i =
EPE, = —= | +tet/T ~
".3"7 Ja 1\.‘2"

anl /Y P 3 'y
aTV? = 0.2%eTV"

All of these calculanons are demonstrated in Spreadshect 2.2,
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