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Impact of netting agreements in counterparty credit risk
Counterparty Credit Risk and Collateral Risk Calculation of the capital charge for counterparty credit risk
Calculation of CVA and DVA measures

Impact of netting agreements in counterparty credit risk

The table below gives the current mark-to-market of 7 OTC contracts
between Bank A and Bank B:

Equity Fixed income FX
Cq Co C3 | (4 Cs Ce (7
Al +10 -5 46| +17 -5 -5 41
B|-11 46 -3 | —12 +9 +5 +1

The table should be read as follows: Bank A has a mark-to-market equal
to 10 for the contract C; whereas Bank B has a mark-to-market equal to
—11 for the same contract, Bank A has a mark-to-market equal to —5 for
the contract C, whereas Bank B has a mark-to-market equal to +6 for the
same contract, etc.

v
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Impact of netting agreements in counterparty credit risk

Question 1.a

Explain why there are differences between the MtM values of a same OTC
contract.
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Impact of netting agreements in counterparty credit risk

Let MtM4 (C) and MTMpg (C) be the MtM values of Bank A and Bank B
for the contract C. We must theoretically verify that:

MtMay g (C) = MTMy (C) + MTMg (C)
_ 0 (1)

In the case of listed products, the previous relationship is verified. In the
case of OTC products, there are no market prices, forcing the bank to use
pricing models for the valuation. The MTM value is then a mark-to-model
price. Because the two banks do not use the same model with the same
parameters, we note a discrepancy between the two mark-to-market prices:

MTMa (C) + MTMg (C) # 0
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Impact of netting agreements in counterparty credit risk

For instance, we obtain:

MTMays5(C1) = 10—11=—1
MTMasg(C) = —-5+6=1
MTMas5(C3) = 6—3=3
MTMasg(Cs) = 17—-12=5
MTMas5(Cs) = —-5+9=4
MTMas5(Cs) = —-5+5=0
MTMas5(C7) = 14+1=2

Only the contract Cg satisfies the relationship (1).
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Impact of netting agreements in counterparty credit risk

Question 1.b

Calculate the exposure at default of Bank A.

Thierry Roncalli Course 2023-2024 in Financial Risk Management



Impact of netting agreements in counterparty credit risk
Counterparty Credit Risk and Collateral Risk Calculation of the capital charge for counterparty credit risk
Calculation of CVA and DVA measures

Impact of netting agreements in counterparty credit risk

We have: ,
EAD =) max(MTM(C;),0)

i=1
We deduce that:

EADyp = 104+64+17+1=34
EADg = 6+4+94+5+1=21
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Impact of netting agreements in counterparty credit risk

Same question if there is a global netting agreement.
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Impact of netting agreements in counterparty credit risk

If there is a global netting agreement, the exposure at default becomes:

EAD = max <§7: MTM (C;), 0)

=1

Using the numerical values, we obtain:

EAD, = max(10-54+6+17-5-5+1,0)
= max(19,0)
= 19
and:
EADg = max(-114+6—-3—-12+9+5+1,0)
= max(—5,0)
= 0
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Impact of netting agreements in counterparty credit risk

Question 1.d

Same question if the netting agreement only concerns equity products.

Thierry Roncalli Course 2023-2024 in Financial Risk Management



Impact of netting agreements in counterparty credit risk
Counterparty Credit Risk and Collateral Risk Calculation of the capital charge for counterparty credit risk
Calculation of CVA and DVA measures

Impact of netting agreements in counterparty credit risk

If the netting agreement only concerns equity contracts, we have:

EAD = max (Z MTM (C;), 0) +Y  max(MTM(C;) ,0)

=1 =4

It follows that:

EAD4s = max(10-5+6,0)+17+1=29
EADg = max(—-11+6-3,0)+9+5+1=15
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Impact of netting agreements in counterparty credit risk

In the following, we measure the impact of netting agreements on the
exposure at default.
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Impact of netting agreements in counterparty credit risk

We consider a first OTC contract C; between Bank A and Bank B. The
mark-to-market MtM;j (t) of Bank A for the contract C; is defined as

follows:
MtM; (t) =x;1 +o1W; (t)

where W (t) is a Brownian motion. Calculate the potential future
exposure of Bank A.
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Impact of netting agreements in counterparty credit risk

The potential future exposure e; (t) is defined as follows:
€1 (t) — max (X1 + o1 W, (t) ; 0)

We deduce that:

Ele; (t)] = /OO max (x,0) f (x) dx

— 0

- /Oooxf(x) dx

where f (x) is the density function of MtM; (t). As we have
MtM; (t) ~ N (xi,07t), we deduce that:

E[e; ()] = /Oooﬁexp (-é (;\;‘;)2) dx
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Impact of netting agreements in counterparty credit risk

With the change of variable y = o7 't~/ (x — x;), we obtain:

* X1+ o1ty 1,
12 — _ -
es (¢) . v (-3 )
o1 t

- x| el )dymf/ (v) dy

_X]_

o1Vt

)+ orve] ¢ (y)} _

0'1\/?

- (alf

- e (alf) +or/eg (alf>
because ¢ (—x) = & (x) and ® (—x) = 1 — & (x).
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Impact of netting agreements in counterparty credit risk

We consider a second OTC contract between Bank A and Bank B. The
mark-to-market is also given by the following expression:

MtM> (t) = xo + oo W5 (t)

where W, (t) is a second Brownian motion that is correlated with Wj (t).
Let p be this correlation such that E [W; (t) WA (t)] = pt. Calculate the
expected exposure of bank A if there is no netting agreement.
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Impact of netting agreements in counterparty credit risk

When there is no netting agreement, we have:

e(t) =e (t)+ e (t)

We deduce that:

Ele(t)] = Ele(t)]+E[ex(t)]

= xo (2] +eio () +
qu)(ozf) *"Mb( 2ﬁ>
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Impact of netting agreements in counterparty credit risk

Same question when there is a global netting agreement between Bank A
and Bank B.
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Impact of netting agreements in counterparty credit risk

In the case of a netting agreement, the potential future exposure becomes:

e(t) = max(MtM; (t) + MtM;(t),0)
= max (MtM1+2 (t),O)
= max(x1 +x0 + o1 Wj (t)—|—0'2W2 (t),O)

We deduce that:
MtMi.o (t) ~ N (Xl + Xo, (O‘% + O'% + 2,00'10'2) t)

Using results of Question 2(a), we finally obtain:

= X X2 X1+X2
Ele(t)] = (x+ )¢<\/(U%+J§+2pglaz)t>+

V(02 + 03 +2p0105) t6 4T
V(07 + 035 +2poro2) t
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Impact of netting agreements in counterparty credit risk

Question 2.d

Comment on these results.

Thierry Roncalli Course 2023-2024 in Financial Risk Management



Impact of netting agreements in counterparty credit risk
Counterparty Credit Risk and Collateral Risk Calculation of the capital charge for counterparty credit risk
Calculation of CVA and DVA measures

Impact of netting agreements in counterparty credit risk

We have represented the expected exposure E [e (t)] in Figure 1 when

x1 = x» = 0 and o1 = 05. We note that it is an increasing function of the
time t and the volatility 0. We also observe that the netting agreement
may have a big impact, especially when the correlation is low or negative.
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Impact of netting agreements in counterparty credit risk

One OTC contract

Two OTC contracts

0.4 p = 70%
—, = 107 0.4y
e=ee g, = 207
0.3} .
o3 et
0.2} e
-------- 0.2} ""
--------- e
S e onl .
o"' l'
4
0.0 . 0.0 .
1 2 3 4 5 0 2 3 4 5
t (in years) t (in years)
Two OTC contracts Two OTC contracts
p = —507% t = 5 years
0.4 0.4
0.3} o3t e
] 0.2} /"__,
RN e 01 o7
o ’
‘n‘- 'I
2,
0.0 ‘ 0.0 ‘ ‘ ‘ ‘
0 1 2 3 4 5 —100 —50 0 50 100
t (in years) p (in 7Z)

Figure 1:

Thierry Roncalli

Expected exposure E [e (t)] when there is a netting agreement
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Counterparty Credit Risk and Collateral Risk

Calculation of the CCR capital charge

We denote by e (t) the potential future exposure of an OTC contract with
maturity T. The current date is set to t = 0. Let N and o be the notional
and the volatility of the underlying contract. We assume that

e(t) = NoyvtX with 0 < X <1, Pr{X < x} = x7 and v > 0.

Thierry Roncalli
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Impact of netting agreements in counterparty credit risk
Counterparty Credit Risk and Collateral Risk Calculation of the capital charge for counterparty credit risk
Calculation of CVA and DVA measures

Calculation of the CCR capital charge

Calculate the peak exposure PE,, (t), the expected exposure EE (t) and
the effective expected positive exposure EEPE (0; t).
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Calculation of the CCR capital charge

We have:

Foqg(x) = Prie(t) <x}
= Pr{Naﬁng}

Pr{“g :\/E}

N (N;ﬁ)

with x € |0, No/t|. We deduce that:

PE, (t) = Fgy(e)
= NJ\/Eozl/7
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Calculation of the CCR capital charge

For the expected exposure, we obtain:
EE(t) = Ele(t)]
No+\/t
Y v—1

= X xT7dx
A o
v x V11 No/t

(ch\/f)7 [7 + 1]

8
—NovV't
v+ 1 \/

0
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Calculation of the CCR capital charge

We deduce that:

and:

1 t
EEPE (0;t) = ?/ EEE (s) ds
0
1 [f ~
= - —N d
t/o v+ 1 ovsds
t
— L/\/Jl 253/2
vy+1 t|[3 0
2y
= No+/t
3(v+1) TVt
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Calculation of the CCR capital charge

The bank manages the credit risk with the foundation IRB approach and
the counterparty credit risk with an internal model. We consider an OTC
contract with the following parameters: N is equal to $3 mn, the maturity
T is one year, the volatility o is set to 20% and ~ is estimated at 2.
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Calculation of the CCR capital charge

Question 2.a

Calculate the exposure at default EAD knowing that the bank uses the
regulatory value for the parameter a.
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Calculation of the CCR capital charge

When the bank uses an internal model, the regulatory exposure at default
IS:

EAD = a x EEPE (0; 1)

Using the standard value a = 1.4, we obtain:

4
EAD = 1.4><§><3><106><0.20
—  $373333
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Calculation of the CCR capital charge

The default probability of the counterparty is estimated at 1%. Calculate
then the capital charge for counterparty credit risk of this OTC contract?.

¥We will take a value of 70% for the LGD parameter and a value of 20% for the
default correlation. We can also use the approximations —1.06 ~ —1 and

d(—1) =~ 16%.

Thierry Roncalli Course 2023-2024 in Financial Risk Management



Impact of netting agreements in counterparty credit risk
Counterparty Credit Risk and Collateral Risk Calculation of the capital charge for counterparty credit risk
Calculation of CVA and DVA measures

Calculation of the CCR capital charge

While the bank uses the FIRB approach, the required capital is:

¢~ (PD) + /p®~1(99.9%)\
V17 ) PD)

KC = EAD xE [LGD] x <<b (

When p is equal to 20%, we have:

¢~ (PD) + /p®1(99.9%)  —2.33+/0.20 x 3.09
vVi—p B v1—0.20
= —1.06

By using the approximations —1.06 ~ 1 and ® (—1) ~ 0.16, we obtain:

IC = 373333 x0.70 x (0.16 — 0.01)
= $39200

The required capital of this OTC product for counterparty credit risk is
then equal to $39 200.
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Calculation of CVA and DVA measures

We consider an OTC contract with maturity T between Bank A and Bank

B. We denote by MtM (t) the risk-free mark-to-market of Bank A. The
current date is set to t = 0 and we assume that:

MtM (t) =N -0 -Vt X

where N is the notional of the OTC contract, ¢ is the volatility of the
underlying asset and X is a random variable, which is defined on the
support [—1, 1] and whose density function is:
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Calculation of CVA and DVA measures

Define the concept of positive exposure et (t). Show that the cumulative
distribution function Fpo ; of €™ (t) has the following expression:

F[o,t](X)Zﬂ{OSXSU\/E}'(%*2./\/2.\/})

where Fg 4 (x) =0 if x <0 and Fp 4 (x) =1 if x > o/t
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Calculation of CVA and DVA measures

The positive exposure e™ (t) is the maximum between zero and the
mark-to-market value:

et (t) = max (0, MtM/(t))
= max (O, NU\/EX)
We have:

Fon(x) = Pr {e+ (t) < X}
= Pr {max (0, NO‘\/EX) < x}

We notice that:

0 if X <0
max (O’ NU\/EX) B { No+/tX otherwise
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Calculation of CVA and DVA measures

By assuming that x € [0, No/t|, we deduce that:

Fog () = Prie™ () <x X <0} +Prie’(t) <x.X >0}
= Pr{0<x,X<0}+Pr{NovixX <x,X >0}
1

= §+%Pr{NJ\/EU§X}

1 1 X
— Z4+-PldUuc<
272 r{ —/vaﬁ}

where U is the standard uniform random variable. We finally obtain the
following expression:

1 X
Fo.g () =3+ ONo/t

If x <0 or x> Nov/t, it is easy to show that Fpy j (x) = 0 and
F[O,t] (X) = 1.
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Calculation of CVA and DVA measures

Deduce the value of the expected positive exposure EpE (t).
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Calculation of CVA and DVA measures

The expected positive exposure EpE (t) is defined as follows:
EpE (t) = E [e™ ()]

Using the expression of Fjy 4 (x), it follows that the density function of
e’ (t) is equal to:

0 F[O,t] (X)

0 X
1

2No+/t

f[o,t] (X) —
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Calculation of CVA and DVA measures

We deduce that:

No+/t
EpE(t) = / xfio,¢ (x) dx
0

1
o\,\
=
)
N
=
Q | X
=
O,
X
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Calculation of CVA and DVA measures

We note R the fixed and constant recovery rate of Bank B. Give the
mathematical expression of the CVA.
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Calculation of CVA and DVA measures

By definition, we have:

CVA = (]. — RB) X /T — By (t) EpE(t) dSg (t)
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Calculation of CVA and DVA measures

By using the definition of the lower incomplete gamma function ~ (s, x),
show that the CVA is equal to:

N-(1-Rg)-0-7(5,28T)
4v/\p

when the default time of Bank B is exponential with parameter A\g and
interest rates are equal to zero.

CVA =
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Calculation of CVA and DVA measures

The interest rates are equal to zero meaning that By (t) = 1. Moreover,
we have Sg (t) = e~ 5%, We deduce that:

T No+/t
4

CVA = (1—RB)></ Age Bt dt
0

NXg (1 — r
_ B ( RB) 9 / \/Ee—)\gt dt
0

4

The definition of the incomplete gamma function is:

*y(s,x):/ ts e tdt
0
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Calculation of CVA and DVA measures

By considering the change of variable y = Agt, we obtain:

T AgT
/ Vie *Btdtr = / —e_y
0 AB

AT 3/
p— 2—1 _y dy
AL /o

It follows that:
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Calculation of CVA and DVA measures

Comment on this result.
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Calculation of CVA and DVA measures

The CVA is proportional to the notional N of the OTC contract, the loss
given default (1 — R ) of the counterparty and the volatility o of the
underlying asset. It is an increasing function of the maturity T because we
have -y (%, AB Tg) > 7y (%, AB Tl) when T, > Tq. If the maturity is not
very large (less than 10 years), the CVA is an increasing function of the
default intensity Ag.
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Calculation of CVA and DVA measures

The limit cases are?:

N(1—Rg)oy(2,2sT)

I A= | =
)\BILPOO CV )\BILTQOO 4\/@ O
and:
N(1-—Rg)ol (3)

pim CVa = 4/ Ng
When the counterparty has a high default intensity, meaning that the
default is imminent, the CVA is equal to zero because the mark-to-market
value is close to zero. When the maturity is large, the CVA is a decreasing
function of the intensity Ag. Indeed, the probability to observe a large
mark-to-market in the future increases when the default time is very far
from the current date. We have illustrated these properties in Figure ??
with the following numerical values: N = $1 mn, Rg = 40% and

o = 30%.

2We have limx— o0 7 (s, x) = I (s).
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Calculation of CVA and DVA measures
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Figure 2:  Evolution of the CVA with respect to maturity T and intensity Ag
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Calculation of CVA and DVA measures

Question 6

By assuming that the default time of Bank A is exponential with parameter
Aa, deduce the value of the DVA without additional computations.
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Calculation of CVA and DVA measures

We notice that the mark-to-market is perfectly symmetric about 0. We
deduce that the expected negative exposure EnE (t) is equal to the
expected positive exposure EpE (t). It follows that the DVA is equal to:

/V(]. — RA) gy (%,)\AT)
4/ Aa

DVA =
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