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Background, Accounting Rules
and Examples
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The Trials of Regulation (1)

What don't | like as a regulator?

Different institutions valuing assets differently

— Institution A trades a derivative with institution B and they both book a profit!

Institutions making profits based on “mark-to-model”

— By the time we realize our model was wrong then bonuses have been paid......

Balance sheets not being a zero sum game

— For example, if a firm issues a bond do they mark its par value as a liability or its

market value?
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The Trials of Regulation (Il

How to solve the problems?

Different institutions valuing assets differently

— Mark-to-market (fair value accounting)

Institutions making profits based on “mark-to-model”

— Mark-to-market

Balance sheets not being a zero sum game

— Mark-to-market (of own liabilities on balance sheet)
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Pricing Liabilities With Your Own Credit Risk

e Suppose a firm issues a bond (par value $100) with a treasury like coupon

 The market will only pay $95 for this bond due to the firm’s credit risk

Assets | Liabilities

$95 cash | $95 bond

/ N
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Gaining from Your Own Default

Profit of $5

The firm’s credit spread widens

The market price of the bond is now $90

Liabilities

$95 cash

$90 bond

18% of pre-tax income for JPM, MS,
BoA and GS in second quarter

"T TINK You SHOWD &€ MORE
EXPLICT HERE N STEP WO,V
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CVA
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History of Counterparty Risk and CVA

CCR/CVA Timeline

In a few short years we have seen a paradigm shift in CCR with the transition from Passive to Active
management of CVA that requires ever more accurate and more frequent CVA calculations — daily, intra-daily,

and real-time

Before CVA 1999

« Firms apply credit limits
and measures such as
PFE (Potential Future
Exposure) to limit their
possible exposure to a
counterparty in the future

Passive Management of
CVA

» Large banks first start using
CVAto assess the cost of
counterparty risk

* CVAIstreated via a passive
insurance style approach

1998: Asian crisis and long-

2006: New Accountancy

2007

term capital management
(LTCM). The unexpected failure
of the large hedge fund LTCM
and asian crisis lead to an
interest in CCR although mainly
confined to some firsttier banks

regulations (FASB 157, IAS 39)
mean that the value of derivatives
positions must be corrected for
counterparty risk

- All banks must start calculating
- CVA on a monthly basis

Active Management
of CVA

» The Credit Crisis and resulting
failures of high profile firms
generates much more attention
on counterparty risk

= Banks are interested in more
accurate and ever more
frequent CVA calculations —
daily, intra-daily, and real-time

Sept. 10-15, 2008: Lehman
Brothers collapses following
areported $4 billion loss and
unsuccessful negotiationto
find a buyer, one of Wall
Street’s most prestigious firms
files for bankruptcy protection

-
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CVA (Credit Value Adjustment)

« CVAis the price of counterparty risk (expected loss) and is a cost
Risky Derivative = Derivative- CVA

* Crucial to be able to separate valuation of derivatives and their CVA

(below formula assumes no wrong way risk)

CVA(t) = (1—5(:)] EE (u)dPD,. (u)

Percentage Expected exposure Default probability
recovery value including discounting (how (how likely is counterparty
much we expect to |OS€) to default at this tlme)
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But CVA is Very Complex

CVA represents an option on an underlying derivative

— CVA calculation always harder than pricing the derivative itself
Need the default probability (and recovery rate) of the counterparty

— Often market implied probabilities are not known (no CDS market)

Derivatives are subject to netting agreements
— Need to price all other trades with this counterparty as well as trade in question

— All correlations (same asset class, cross-asset class must be known)

Wrong way risk

— Linkage between default probability and exposure at default

Collateral agreements, break clauses etc
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CVA — Risk-Neutral or Not?

e Actuarial
— Consistent with loan book management
— Insurance company style approach is easier
— No hedging
* Risk-neutral
— Consistent with derivatives valuation
— But trading function for CVA is very difficult to run

— Hedging is extremely difficult or impossible

* Regqulators favour the risk-neutral (mark-to-market) approach
— But recent problems with hedging in the turbulent Eurozone possibly question this
— And loans are not treated this way (a derivative is essentially an exotic loan)
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CVA and Capital
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Alpha and Basel |l

Probability
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Alpha as defined in Basel Il

Basel 2 requires capital to be held

against derivatives exposures Alpha Origin

1.0 Infinitely large portfolio and
Independent exposures
(theoretical result only)

Calculation covers

— Default risk
o o _ 1.4 Supervisory value
— Credit migration risk (through maturity
adjustment factor) 1.2 Supervisory floor when
bank uses own model for
Alpha adjusts for estimate
N 1.05-1.10 Typical value for large
— Exposure volatility portfolios
>25 Possible value for

— Correlation of exposures

concentrated portfolios

— Size of portfolio (and granularity)
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Reqgulatory Reaction to the Credit Crisis

« BCBS Committee (Dec 2009)

.... Where current treatment did not adequately capitalise for risks during the crisis ©

« Key problems identified

Capitalisation of CVA volatility (2/3 of counterparty risk related losses during crisis?)
Initial margining (capital to give incentive for adequate initial margin through cycle)
Central counterparties not utilised _
Close-out periods

Interconnection of financial institutions
Lack of back-testing and stress testing

Wrong-way risk
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Basel 3 Proposal — CVA “VAR”

Previous Basel 2 rules account only for default losses (and to some
extent credit migration losses)

Simple capital add-on for CVA risk (bond equivalent)

— Notional of bond is defined by quantifying future exposure

— Spread is the one used to calculate CVA (actual or proxy)

— Maturity of bond is maximum effective maturity of all netting sets for that counterparty
Risk is then defined as a market risk charge on this bond portfolio

— VAR type 99% confidence level and 1-year period (may use scaled 10-day)

— Accounts for hedging using single name CDS and CCDS (or similar instruments) only
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The Problems With CVA VAR

Recent changes

— Remove the multiplier of 5 (scaling from 10 days to 1 year) ©

Only single name hedges (CDS, CCDS) given capital relief
— Now seemingly will give some relief for index hedges
— But how? And will this not be encourage procyclicality?
Methodology

— Intended to capture in a simple way the credit spread risk within CVA

— Actually, it is not the optimal way to do this and can lead to non economic results
(Rebonato et al.)

Motivation
— OTC derivatives are relatively precisely valued, their VAR is much harder to quantify

— CVA tself is hard to quantify so CVA VAR is surely a major challenge?

Jon Gregory (jon@oftraining.com), WBS Fixed Income Conference, Madrid, 24" September 2010 page 19



DVA

Jon Gregory (jon@oftraining.com), WBS Fixed Income Conference, Madrid, 24" September 2010 page 20



Unilateral CVA in the Old Days

Credit Rating

Credit spread (bps)

Bank

Aal/AA+

10-15

Corporate

A3/A-

200-300

Bank has no default risk

— Bank charges corporate unilateral CVA

— If corporate asks for banks default probability to be taken into account, they get

laughed at

No CVA charges in interbank market (collateralised, banks won’t default)

When bank credit quality deteriorates, market becomes gridlocked
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Pricing Bilateral Counterparty Risk

» Bilateral CVA considers also an institutions own default (this formula

assumes independent of defaults)

BCVA(t) = (1—50)] EE(W[1-PD,(u)[dPD.(u)  cva

Y h 4

Expected  Probability we Probability
exposure haven't yet counterparty
. defaulted defaults
{096, NEE(W)L-PD W]IPD, (u)  Dva
\ J \ J )
t Y Y Y
Negative Probability Probability
expected counterparty we default
exposure hasn't yet
defaulted

Own percentage
recovery value
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Computing the Bilateral Price

« Bilateral CVA Example
— Case A : Counterparty 250 bps CDS, Institution 500 bps CDS, EE < NEE
— Case B : Counterparty 500 bps CDS, Institution 250 bps CDS, EE > NEE

—e—EE (Case A) —a— NEE (Case A) EE (Case B) NEE (Case B)

20% |
15% -

10% W CaseA |CaseB
. CVA | 1.235% |3.480%
0% - : : ‘ ‘

_50/:; ' BCVA | -1.967% | 1.967%
-10% -

-15% -
-20%

Exposure

Time (years)
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Default Correlation

» Gaussian copula approach can be used to give simple tractable

correlation between our own default and that of our counterparty

— Just requires bivariate Gaussian distribution function

— For example, probability our counterparty defaults in an interval but we don’t

Qrc eltiy bl 7y >t,7>14)=Q(rc >t .7, >4, 7 >4)-Q(zc > 1,7, > 1,7 > 1)

~ D, ((D_l(Q(Tc >ti—1))’q)_l(Q(T| >ti));P)

~ Qe >t
_(Dzd(q)_l(Q(Tc>ti))’q)_l(Q(T| >ti));,0) (e > 1)
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Impact of Correlation on BCVA

e Case B from previous example

— Counterparty 500 bps CDS, Institution 250 bps CDS, EE > NEE

4.0%
3.5%
3.0%
2.5%
2.0%
1.5%
1.0%
0.5%
0.0%

Base Case
CVA | 3.480%
BCVA | 1.967%

Bilateral CVA

0% 20% 40% 60% 80% 100%

Correlation
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Impact of DVA

Bilateral CVA ~ EPE x Counterparty spread - ENE x Institution spread

A 4

\—~

V
CVA

R

B

.

T otal
DVA

I

Y
DVA

Net adjustment to
derivatives book
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Does Bilateral CVA Make Sense?

Bilateral CVA has been widely adopted

— Many banks base CVA on their own default

— Accountancy rules require this (e.g. FAS 157)
Bilateral CVA has some potentially

unpleasant features

— Total amount of CVA in the market sums to zero
— Risky value may exceed risk-free value
— Netting and collateral may increase CVA+DVA

— Hedging this component is problematic

CUTTING EDGE. CREDIT DERIVATIVES

imoses
purposes

Counterpar e ey

defade priad ta the expify ofthe cntract and fail to make firurs
paymenes. Councerparty risk it taken by sach parcy in an mves-
the-counter decivatives contcact and ir pezsent in all aset dasies,
induding interest carss, foreign exchange, equity decivarives,
commadities and ende decimcives. Ginen the recere decline in
cosdit qualicy and heterogeneous eancentration of el expe-
sure, the high-profile defaulis of Enmn, Parmalar, Bear Strams
and Lehman Erthers, and wriezdowns associated wich innranse

purchassd from menaline insurance companiss, the mpic of pec

A typieal fnansial instinion, whils making we of ridk mitk
ants such 13 eollateralisacion 1nd necting, will sl ke a signifi-
an ameunt of counterpamy sisk, which nesds 1o be priced and
rik-manapsd appeepriscely. Orer the pa desade. financial insti
tuions have bk up their capabiliies for handling coumerparty
ik and active hedging has 1k become eommen, Larzely in the
form of buying credit defaukt swap (CDS) procection o mirgacs
large exp far fi il imetiuricn:

Being two-faced over
counterparty credit risk

bave 3 dedicated unit that charges 1 premiam to sach business
Line and in ream takes on the counterpany fisk of sach new
trade, taking advineage of portolindevel risk micigants such ax
metting and collaceralisation. Such units might cperate parily cn
an acruarial basis, urdising the divenification benefis of the
exponares, and partly cn 1 tek-neutrl basis, bedging key riks

such a5 defaudt and fores volariy.

A typiaal counterparmy cisk business line will have fignificant
reserves beld unexpscrad
lossss, raki The increases

in eradi poeads, epecially in the financizl madkers, will have
increarsd such reserves andior furure hedging oot aspciatel
with councerparcy fisk. It is perhaps not suprising thar many
snstitutions, notably banks, ar increasingly considering the rwn.
sided o biateral nanare when quantifying counterpamy rek. A
lear adhvureage of deing this is that it will dampen che impacs o€
eredie spread ineveases by offserting the wocirsd ineise in
required ceserves. Howerer, it requires an instinxion w arach
economie vilue m irs own default, jse as it may expect 0 make

fi defaus, While it

‘struechar 1 mrpocarion doss saint from its cwn defanl, '« mishe
at first glanse appear unuanl o price this & In this
artide, we wil make a quinitative analyeis of the preing of
couneseparty citk and e this t2 deoe conclusions abeut the
validey ofbilaren] pricing.

unilateral countarparty sk
The peader is referred co Pykhtin & Zhu (20086) for an ezeellent
everview of meanuring councerparcy ritk. We dences by Vs, 1)
che value at time 5 of  derivatives posiinn wich 2 final maruccy
date of 1. The valus ofthe positicn is known wich certainty at the
curnent time ff< 5 = 7). We noce that the analysis is peneral in the
sense thar Wia. 7) could indicare the value of a single dermarimes
pesition. or a parcfalic of netted porions, and could alss inzor-
e ch 2 Inthe event L an

inseintion must consider che following two sinations

Wis, T3 0. [nchis case, since che neted wades are in the ini-
rurion’s fvour (posicive present valus, & will close out the posi-
tion bur reerieve only @ recovery value, s, 7o with §_a per-
cennige peemvery raction.

¥is 70 = 0. In this case, since the newed trdes are valusd
againue the insineian, & s stll obliged b setile the outstanding
amount fit does net gain from the counieeparty defasking.

post

How to monetise bilateral CVA to justify paying for counterparty risk?
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How to Realise DVA

Go bankrupt

— Usually not a popular choice

Unwinds or novations

— An institution may realise a DVA gain if a trade is unwound in the future (e.g. banks
unwinding transactions with monolines)

Hedging
— DVA much harder to hedge than CVA - cannot sell CDS protection on yourself!

— Buy back your own debt (not really a dynamic hedge) — do you have the cash?

— Sell CDS on another counterparty (who is highly correlated with you) — give wrong-
way risk to buyer of protection — careful who you choose (Lehman)

Funding arguments

— EE represents a funding cost, NEE represents a funding benefit
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Hedging Intuition of DVA

* Following Sorenson and Bollier [1994]

CVA iy = (=028, (i )[Se ()~ Se (6 Wapn (58, T)

DVA, = (133" Se (IS, () =S, () (8. T)

e Intuition

— Short a series of swaptions (on reverse swap) with weights given by the forward
default probabilities (of counterparty)

— Long a series of swaptions (on reverse swap) with weights given by the forward
default probabilities (of self)

 Hence, using DVA may balance sensitivities
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If CVA increases (for example interest rates go up for a payer swap)
Then DVA will decrease

Overall sensitivity is increased

Hedging Using DVA (I)

Sensitivity to interest rates

Sensitivity

1.0E-05
0.0E+00
-1.0E-05
-2.0E-05
-3.0E-05
-4.0E-05
-5.0E-05
-6.0E-05

@ Unilateral m Bilateral
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Hedging Using DVA (Il

Sensitivity to volatility

Long and short swaptions will cancel

In this case we are half as risky as counterparty (CDS = 250 bps vs 500 bps)

Sensitivity is approximately halved

CVA Sensitivity

@ Unilateral m Bilateral

0.35%
0.30% -
0.25% -
0.20% -
0.15% -
0.10% -

0.05% - |
0.00%
1Y 2Y 3Y 4y oY

Swap rate volatility
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Hedging Using DVA (lII)

* Impact of DVA on CDS hedges
— Buy slightly less protection on counterparty (due to possibility of self defaulting first)

— Sell protection on oneself
— Actually made easier by the absence of single name hedges (index beta effect)

@ Unilateral m Bilateral - counterparty O Bilateral - institution

4.0%
3.0% -
2.0% -
1.0% -

0.0%

CVA sensitivity

-1.0% -

-2.0%
CDS Tenor
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DVA and Funding
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Funding Costs and CVA / DVA

Measure Exposure Default probability
Default CVA EPE Counterparty credit spread
DVA ENE Own credit spread
Funding Funding cost EPE Own funding spread
Funding benefit ENE Own funding spread

Double counting

Jon Gregory (jon@oftraining.com), WBS Fixed Income Conference, Madrid, 24" September 2010 page 34



Double Counting of Funding

« CVA of a single cashflow

CVA =E[e 7]

Tc >T]
X . = Funding spread
— X, T —XT |
=e " xe " xec

Funding Default
cost risk

« DVA
DVA=E[e *1 ]|

_ e—rT > e—X|T > e—X|T _ e—rT X e—2X|T

~

Funding Default risk
gain (own)
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Funding and DVA — Some Relevant
Papers

Fries, C., 2010, “Discounting revisited: valuation under funding,

counterparty risk and collateralization”

Morini and Prampolini., 2010, “Risky funding: a unified framework for

counterparty and liquidity risk”

Piterbarg, V., 2010, “Funding beyond discounting: collateral agreements

and derivatives pricing”

We’'ll follow the Morini and Prampolini notation but ignore the CDS-bond

basis and assume zero recovery rates

Note we are considering the case of no CSA (collateral)
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Funding and DVA — The Key Concept

For unsecured funding, | pay a funding spread of say XI
But | don’t pay the funding back if I default 7

Hence, when | pay back the funding of L a time At later, | pay

rAt ~ X, At
Le™e 41

The discounted expectation of this is then

Le—rAterAteX,Ate—X,At _ L

Funding cost therefore doesn’t depends on my credit spread

This is the accountants view but should it be the quants view?
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The Simple Derivative

Binary event

\ Exposure of L At Rec from counterparty Le™
Owed money Pay back funding

B Funding cost
1-B Exposure of -L At Pay to counterparty Le™
Owe money

_ _ Release funding
Funding benefit

 We can think of this as a simple swap with only 2 possible market
scenarios and one time period
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Case l

Exposure of L At
owed money [_ Le(r+X,)At i LerAt]]_T A
A
B Funding cost " Y~
Pay back Receive
funding cashflow
1-B Exposure of -L At
| X,)A
Owe money I+ Lelr 8t — LerAt]1TA>At
Funding benefit Y~
Rec back Pay
funding cashflow

 This is similar to a contingent swap or clean asset swap (swap
cancelled on the basis of a credit event A) with risk-free counterparties
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Contingent Swap — Valuation
Payoff = B[— Le(rXat Lemt] o +(A- B)[Le(”x')At Lemtllm>At

* Price (no wrong way risk)

V = E[B]|- Le*™ + L]e " + E[1- B]|+ Le* At\ﬂe Xalt

Funding Rec Fundlng Pay
cost benefit

o If E[B]z g=1-qg then V =0 with hedging implication that we
need to hedge market risk and buy or sell protection on credit A and
consider the need to charge for these dynamic hedging costs

« Mirror trades then Payoff =0
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Case 2

Exposure of L At _ e XAt 4 | aratg
Owed money N O TazAl
B Funding cost e e
Pay back Receive
funding
1-B Exposure of -L At (r+X,)At rAt
o + Le —Le
we money \ o
Funding benefit Re;gack Pay
funding

* This is similar to a risky swap with counterparty risk where we consider
ourselves default free (by the market does not of course)
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Unilateral Risky Swap — Valuation

Payoff — B[_ Le(l’+X|)At i Lel’Atl 4 (1_ B)[+ Le(l’+X|)At . Lel’At]

TA>At]

V = E[B]|- Le ' + Le X |+ E[1- B]|+ Le ** — L |

W‘J S~—— V" ~
Funding CVA Funding
cost component benefit

« Mirror trades with two different counterparties A and B
V,s = E[B]|- Le 1 4+ Le X+ 4 Le X4 — ]
FE[L-B]+ Le ¥ - L—Le ™ 4 Le %o |

- Funding cancels, the trade has negative value for X ,, Xz >0
V,s = E[B]l.Lle ™ —1]+ E[1— B]L|e *** —1]
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Exposure of L
Owed money
B Funding cost

1-B Exposure of -L
Owe money

Funding benefit

Case 3

At

At

. (r+X,)At rAt
- A J
Y~ Y~
Pay back Receive
funding from A
(r+X,)At . rAt
\ A J
v~ ~"
Rec back Pay to A
funding

* This is similar to a risky swap where both counterparties may default
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Bilateral Risky Swap — Valuation (I)

T >At]

Payoff = B[- Le"™ ™1 +Le™1, , [+ @-B)[Le* ¥y —Le™1

V = E[B]|- L+ Le™** |+ E[L-B]}+ L - Le ™|

(. _J
v ' \/ ~ ' ol
Funding CVA Funding DVA
cost benefit

e |f E[B]:qzl_q V — Le—rAt[e—XAAt_e—X|At]/2
* Funding cancels in expectation (but still have funding risk)

 Hedging implications
— Hedge market risk
— Buy protection on A, sell protection on ourselves

— Consider hedging costs even when XA = Xl
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Bilateral Risky Swap — Valuation (1)

* Mirror trades with two different counterparties A and B

Payoff = B|- Le™ %1, | +Le™1 _, +Le™ 8y —1e™1 |

T >AL

+ (1_ B)[Le(r+XI )At11'| SAt LerAt11'| >At Le(r+XI )At]'T, >At T LerAter>At]

 Funding cancels

B >At ]

Payoff = Be™ [+ L1, , —L1, . J+@-B)e™|-L1, , +L1

TA>At o

e Valuation
V,s = E[BIL(e " —e % )4 E[1- B]L(e *** —e 1)
e« Same comments as before on hedging

 [nthis case DVA is clearly not a funding benefit
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Should you use DVA?

On the one hand, firms need to use DVA
— Reduces CVA charges
— Likely that both counterparties to a trade will agree a price

— Reduces volatility of CVA desk’s book and hedging costs

On the other hand

— Cannot be treated as a funding benefit

— Requires a firm to see their future default as a good thing and try and monetise it
— Does not encourage good practices for a CVA desk

— For example, a firm going to default will need to sell more and more CDS protection
(and more and more volatility)
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