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Abstract The derivations of the market standard formulas for the pricing
of single-name CDS options are reviewed. Adaptations to the
current market practice of trading CDS at standardized running
coupons with an initial upfront payment are discussed.

1 Single-name CDS A credit default swap (CDS) is an insurance contract between
two parties. The protection buyer pays a periodic premium1, cal-
led CDS running coupon, to the insurance seller, who in return
compensates the insurance buyer for potential losses resulting
from a credit event during the lifetime of the contract. A credit
event is related to a third party, the so-called reference entity,
and is typically triggered when the latter fails to make a coupon
payment on an outstanding bond, files for bankruptcy, or restruc-
tures its debt in an unfavorable way for certain bond holders. The
pricing of a CDS requires the computation of the expected value
of the net present value of all payments to be made by protection
buyer and seller. The value of the CDS for the protection buyer
is then given by the expected net present value of compensati-
on payments received minus the expected net present value of
all coupon payments to be made. The analogous logic implies
that the CDS value for the protection seller is the negative of
the CDS value for the protection buyer. At inception, the value of
the contract should be zero, which basically determines the CDS
running coupon. However, it has become market standard that
the running coupon is standardized, e.g. to 500 bps, so that in
order for the CDS to be worth zero at inception an upfront pay-
ment from one party to the other is required. It is convention that
the upfront payment is always quoted in percent of the notional
and as if it is paid by the insurance buyer, i.e. it is negative if
the protection seller has to make this initial payment. Let us now
introduce some notation and have a closer look at the mathema-
tics involved. To simplify notation, we assume unit notional for the
CDS contract, i.e. upon occurrence of the credit event the protec-
tion seller compensates the protection buyer for potential losses
incurred by some deliverable debt obligation with unit notional.

1.1 Conventions and notations Formally, we work on a filtered probability space (Ω,F , (Ft),P)
satisfying the usual hypotheses, where Ft denotes all informa-
tion available to market participants at time t and P denotes a

1By market standard convention premium payments are made quarterly at
the so-called IMM dates March 20, June 20, September 20, and December
20.
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risk-neutral pricing measure (under which the discounted ver-
sions of all tradable assets are martingales). The future time
point at which the credit event happens is modeled as an (Ft)-
stopping time and denoted by τ . We furthermore consider time
points t0 ≤ tE < t1 < . . . < tN , where t1, . . . , tN denote the
premium payment dates of the CDS. Moreover, t0 denotes the
last IMM date before the settlement date tE of the CDS (requi-
red for the computation of the accrued interest payment to be
made at inception), t1 denotes the first IMM date after settle-
ment and tN denotes the maturity date of the CDS. Discount
factors are denoted by DF (t, T ), and one may think of them as
being given in terms of a deterministic reference short rate rt via
DF (t, T ) = exp

(
−
∫ T
t ru du

)
. The present value at time t – pro-

vided default has not yet occurred – of the sum over all (clean)
cash flows to be made by the protection buyer (the discounted
premium leg) is given by

DPL(t, tE , tN ) :=
∑
i : t<ti

(ti −max{t, ti−1})DF (t, ti) 1{τ>ti}︸ ︷︷ ︸
coupon payment upon survival

+ (τ −max{t, ti−1})DF (t, τ) 1{max{t,ti−1}<τ≤ti}︸ ︷︷ ︸
accr. coupon upon default

.

Notice that this definition of the discounted premium leg assumes
the running coupon to be equal to one. Denoting the running cou-
pon by c, the insurance buyer actually has to pay cDPL(t, tE , tN ).
The present value at time t – provided default has not yet occur-
red – of the potential default compensation payment to be made
by the protection seller (the discounted default leg) is given by

DDL(t, tE , tN ) := (1−R)DF (t, τ) 1{t<τ≤tN},

where R ∈ [0, 1] denotes the random recovery rate in case of a
default event. The value of the CDS from the point of view of the
portection buyer at time t – provided default has not yet occurred
– is hence

CDS(t, tE , tN )

= E[DDL(t, tE , tN ) | Ft]− cE[DPL(t, tE , tN ) | Ft], (1)

and the valueCDS(tE , tE , tN ) gives precisely the upfront amount
to be paid by the protection buyer to the seller at inception tE .
Even though the upfront payment determines the CDS value, it is
convention to quote a CDS in terms of a so-called CDS running
spread2. The market quotes running spreads for CDS contracts
whose first coupon payment is the next IMM date, i.e. t = tE = 0
and CDS insurance starts immediately. In this case the running
spread of a CDS is defined as the unique value which, when
plugged in for the running coupon c in (1), makes the CDS-value
zero. This means that a fictitious CDS contract with running cou-
pon equal to this value trades at zero upfront. In mathematical
terms, the running spread is defined (only for t = tE = 0) by

s0 = s0(0, tN ) :=
E[DDL(0, 0, tN )]

E[DPL(0, 0, tN )]
.

2Also called par CDS spread.
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The conversion of the quoted running spread s0 into an actually
tradable upfront amount CDS(0, 0, tN ) at given running coupon
c is a standard routine in the market, relying on a rearrangement
of the terms in (1). It is accomplished by computing

CDS(0, 0, tN ) = (s0 − c)E[DPL(0, 0, tN )], (2)

where the computation of the required expectation value by con-
vention relies on the so-called ISDA standard model, which we
briefly explain in the next section.

1.2 Standard pricing methods Regarding the pricing of CDS, the most minimal modeling ap-
proach is to assume that the recovery rate R is a deterministic
constant and τ has an exponential distribution with rate parame-
ter λ, which is also called the (deterministic and constant) default
intensity of τ . In this case, it can be shown3 that the approxima-
tion s0 ≈ λ (1−R) , which is based on the assumption of con-
tinuous rather than discrete premium payments in DPL and a
flat interest rate curve, is not too bad. Applying standard reco-
very assumptions, the default intensity λ can be matched per-
fectly to the market quoted running spread s0, which constitutes
the so-called ISDA standard pricing model to be used by market
participants for the conversion into actually tradable upfronts via
(2). More generally, in order to define a model which explains a
battery of quoted CDS contracts with different maturities (a so-
called CDS-curve), it is market standard to relax the assumption
of τ being exponentially distributed to the case when the default
intensity of τ is deterministic and piecewise constant. The pie-
cewise levels of the default intensity can then be bootstrapped
from the observed market prices in order to explain the whole
CDS curve jointly, see, e.g., Hull, White (2000). It is important to
observe, however, that such a model does not suffice in order
to price CDS options. This is due to the fact that the determini-
stic nature of the default intensity implies that market sentiment,
whose timely evolution is captured in (Ft), has no effect on the
default intensity, and hence on the future evolution of the running
CDS spread. Consequently, within such a simplistic model the
latter is a smooth, deterministic function over time until default.
In reality, a CDS option is a financial product whose intention is
to trade the uncertainty about the running CDS spread at a future
point in time. For this, more involved mathematical approaches
are necessary.

2 Single-name CDS options In contrast to regular CDS contracts, a CDS option settled today
at t = 0 gives its holder the right to enter as protection buyer
into a CDS contract which starts at the option expiration date
tE > 0 in the future. The option contract specifies a certain strike
running spread s(K) at which the future CDS can be entered into.
For the protection buyer this means that if the running spread at
time tE is higher than the strike running spread, it might make
sense to exercise the option. If not, then protection might instead
rather be bought in the regular CDS market at lower cost without
exercising the option. The CDS option is said to trade knockout if

3See, e.g., (Hull, 2008, p. 500).
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it becomes worthless in case a credit event occurs before expiry,
i.e. if τ < tE . It is said to trade no-knockout, if the option provides
its holder with an additional front end protection, i.e. if the event
τ < tE triggers a default compensation payment to the option
holder – provided the latter decides to exercise the option. From
an economic viewpoint, the volatile nature of the daily changing
running spread constitutes the major risk which is traded via CDS
options. From a mathematical viewpoint, this suggests the use of
a stochastic model for the running spread at the future time point
tE . Using the notations introduced above, it is natural to simply
define the forward running spread as4

st = st(tE , tN ) :=
E[DDL(t, tE , tN ) | Ft]
E[DPL(t, tE , tN ) | Ft]

, 0 ≤ t < τ. (3)

Intuitively, this constitutes a stochastic process which at time
t = tE equals the then prevailing running spread, as desired.
Unfortunately, in order to derive useful pricing formulas from this
intuitive idea the following technical difficulties have to be over-
come:

(a) The definition (3) is not well-defined for scenarios in which
the credit event is triggered before the option expiry, i.e. τ <
tE , because it is only defined for t < τ . For t ≥ τ , the value
st as written down in (3) would equal zero divided by zero,
which makes no sense.

(b) When defining τ via the so-called canonical construction5

from an exogenously modeled stochastic process for its default
intensity, and plugging this model into (3), the target random
variable stE is rather complicated. In order to derive “simple”
pricing formulas, e.g. a Black-type formula, one rather would
like to model the quantity stE exogenously. The justification
of such an approach relies on measure-change techniques
similar as in the interest rate derivative pricing literature.

Both issues have been dealt with in the literature, e.g. in Jams-
hidian (2004); Schönbucher (2004); Brigo, Morini (2005); Arm-
strong, Rutkowski (2009); Martin (2012), and we briefly summa-
rize and comment on these approaches in the upcoming subsec-
tions.

2.1 The “old” zero upfront case In this subsection we assume that the underlying CDS, that might
be entered into at tE , is available in the market at zero upfront,
i.e. the running coupon c is unknown today but fixed at tE at the
then prevailing level of the CDS running spread, and no upfront
payment is made at tE . This situation has been market prac-
tice before the Big Bang Protocol 2009 and is untypical in the
marketplace nowadays, but simplifies the mathematical derivati-
on massively. In particular, it suffices to treat knockout options,No-knockout case?

because the price of a no-knockout option is then simply the pri-
ce of the respective knockout option plus the expected value of
the discounted protection leg of a CDS contract with maturity

4We mostly omit to denote the dependence of st on the underlying CDS co-
venants, i.e. we only write st instead of st(tE , tN ) for the sake of brevity.

5See, e.g., Jeanblanc, Rutkowski (2000).
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tE (the so-called front end protection). This decomposition of a
no-knockout option into two simpler parts becomes more difficult
when the underlying CDS trades at a pre-determined running
coupon, as will be explained in the next subsection.
The model-free price of a knockout CDS option is obviously given
by the expectation value

CDSO(0) = E
[
DF (0, tE)

(
E[DDL(tE , tE , tN ) | FtE ] (4)

− s(K) E[DPL(tE , tE , tN ) |FtE ]
)
+

1{τ>tE}

]
= E

[
DF (0, tE)E[DPL(tE , tE , tN ) | FtE ] 1{τ>tE}

(
stE − s

(K)
)
+

]
.

We review two different approaches to derive Black-type formu-
las for knockout CDS options from this general expression, one
by Schönbucher (2004) and one by Brigo, Morini (2005); Arm-
strong, Rutkowski (2009) along the general ideas of Jeanblanc,
Rutkowski (2000); Jamshidian (2004). For practical implications,
both approaches are equivalent, because they ultimately lead to
the same Black-type formula. Nevertheless, we think it is educa-
tional to point out the subtle differences between the two approa-
ches.

Schönbucher’s ansatz Schönbucher (2004) introduces a so-called survival measure PS
associated with the process t 7→ E[DPL(t, tE , tN ) | Ft], which
appears in the denominator of (3). As mentioned earlier, it is
possible that this denominator process becomes zero, hence it
cannot serve as a numeraire and accordingly does not give ri-
se to an equivalent numeraire measure, as is common practice
in interest rate derivatives pricing. Nevertheless, this is precisely
what’s achieved in Schönbucher (2004) by the so-called survival
measure – modulo some small technical differences compared
with the standard change of numeraire technique. Without going
into details6 it is shown that the value of the CDS option can be
written as

CDSO(0) = E[DPL(0, tE , tN )]ES [(stE − s
(K))+], (5)

where ES denotes the expectation with respect to the survival
measure PS . Moreover, the process st can be shown to be a
martingale under PS . Let us collect a couple of remarks on this
formula.

(i) The formula is well-defined because PS is constructed in such
a way that default becomes impossible7 under PS , i.e. st is
well-defined for all t under PS even though it is not well-
defined under P.

(ii) The formula is useful for applications in the sense that it al-
lows to work with two “disjoint” models: one for the distribution

6The interested reader is referred to Schönbucher (2004).
7It is shown in (Schönbucher, 2004, Proposition 6) that PS must intuitively

be thought of as a numeraire measure associated with the denominator
process in (3) conditioned on survival until tN , where the “conditioning upon
survival” makes the denominator strictly positive and hence a numeraire.
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of the default time τ under P in order to compute the first ex-
pectation value (e.g. piecewise default intensity), and one for
the dynamics of st under PS in order to compute the second
expectation value (e.g. lognormal dynamics to obtain a Black
formula).

(iii) Theoretically, the spread st is linked to the model for τ , be-
cause it is composed of conditional expectations involving
default indicators, cf. (3). When separately modeling the dy-
namics of st under PS and the law of τ under P, as is mar-
ket practice, compatibility of the two models is not assured,
but implicitely assumed. Moreover, such an approach has the
additional shortcoming that there is no interrelation between
spread volatility and default probability at all.

(iv) The measure PS is not equivalent to the risk-neutral measu-
re P because default is impossible under PS , which is consis-
tent with the separation of the pricing into a defaultable model
(for the first expectation) and a non-defaultable model (for the
second expectation) in the following sense: when defining the
dynamics of st under PS , our intuition might lead us to apply
volatility parameters as observed from historical time series
of the running spread, and these observed values are condi-
tioned on survival, so might be thought of as being observed
under PS rather than P.

(v) One drawback of this approach becomes apparent when two
CDS options must be explained jointly, where the two un-
derlying CDS contracts start at the same date tE , but have
different maturities. This would require a joint model for two
running spreads with different maturities, but the measure PS
depends on the maturity.

Subfiltration ansatz The approach of Brigo, Morini (2005); Armstrong, Rutkowski (2009),
which is basically along the lines of Jamshidian (2004) and re-
lying on techniques based on the fundamental work of Jean-
blanc, Rutkowski (2000), differs from Schönbucher (2004) in that
the technical problem (a) above is circumvented by putting more
structure on the market filtration (Ft). More precisely, the natu-
ral filtration of the default indicator process t 7→ 1{τ≤t} is clearly
contained in (Ft), since a default is assumed to be observable in
the marketplace. Consequently, it makes sense to think of (Ft)
as being obtained as the combination of the default indicator fil-
tration and a disjoint “rest information”, denoted (Ht). Indeed,
in standard default intensity modeling frameworks (Ht) denotes
the natural filtration of the default intensity, hence this assump-
tion is motivated by this prominent modeling example. It is as-
sumed that P(τ > t |Ht) is positive almost surely, which again
is satisfied by typical examples of default intensity models. With
this subfiltration framework at hand, it is possible to replace the
conditional expectations with respect to Ft in (3) by conditional
expectations with respect to Ht, see Brigo, Morini (2005); Arm-
strong, Rutkowski (2009) for details. More clearly, they consider
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a slightly alternative running CDS spread defined by

s̄t :=
E[DDL(t, tE , tN ) |Ht]
E[DPL(t, tE , tN ) |Ht]

, t ≥ 0.

This results in a definition of the running spread which is defined
for all t ≥ 0, and can therefore be used further to write down
a formula for the CDS option as an expectation value under the
model pricing measure P getting rid of the default indicator, na-
mely8

CDSO(0)

= E
[
DF (0, tE)E

[
DPL(tE , tE , tN )

∣∣HtE] (s̄tE − s
(K))+

]
.

In order to get rid of the ugly conditional expectation term insi-
de this expectation, Brigo, Morini (2005); Armstrong, Rutkowski
(2009) now apply the usual change of numeraire trick9 from in-
terest rate modeling in order to derive the same formula (5) as
Schönbucher (2004), only the measure PS is replaced by a nu-
meraire measure P̄ associated with the denominator in the de-
finition of s̄t, which is strictly positive and hence a valid nume-
raire. Moreover, it is shown that s̄t is a martingale under P̄. For
practical applications, e.g. the derivation of a simple Black-type
formula, this approach is just as useful Schönbucher’s, yielding
the identical result for practical applications. Nevertheless, it is
further outlined in Brigo, Morini (2005) how their approach is ab-
le to allow for an extension to modeling several running spreads
associated with different maturities jointly. This is accomplished
along the idea of LIBOR market models in the interest rate world
and sets the approach apart from Schönbucher (2004).

2.2 The “new” upfront case It is now assumed that the CDS, which is entered into at expirati-
on tE of the option, trades upfront, i.e. the strike running coupon
c(K) to be paid is pre-determined and there is a strike upfront
payment u(K) to be made at tE . In this situation, which is usu-
al since the Big Bang Protocol 2009, the model-free price of a
knockout CDS option is given by the expectation value

CDSO(0) = E
[
DF (0, tE)

(
E[DDL(tE , tE , tN ) | FtE ]− u(K)

− c(K) E[DPL(tE , tE , tN ) | FtE ]
)
+

1{τ>tE}

]
= E

[
DF (0, tE) 1{τ>tE}

(
CDS(tE , tE , tN )− u(K)

)
+

]
,

where both u(K) and c(K) are pre-determined in the option con-
tract. This formula causes technical difficulties, because it sug-
gests that we should model the CDS value CDS(t, tE , tN ), i.e.
the upfront payment, exogenously by some stochastic process.
Instead, we are rather used to modeling the running spread st,

8This computation follows from the fundamental identity E[Z | Ft] =
1{τ>t}

P(τ>t |Ht) E[Z |Ht] of Jeanblanc, Rutkowski (2000), applied with t = tE
and Z being the expression under the expectation in (4). This is briefly out-
lined in the Appendix.

9Actually, Brigo, Morini (2005) apply some further technical assumptions on
the subfiltration structure, but Armstrong, Rutkowski (2009) point out that
this is not necessary.
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which is not directly incorporated. There are at least two rea-
sons why it is more natural to model the running spread rat-
her than the CDS value exogenously: Firstly, its popularity. The
running spread is a single quantity providing information about
the creditworthiness of the reference entity, whereas the upfront
must always be communicated along with its associated running
coupon. The running spread allows to be compared with other
spread measures of the reference entity, e.g. bond Z-spreads,
and this is probably the reason why it is popular in the market
and standard quotation. Secondly, it is more natural to define a
mathematical model for the running spread. A running spread is
a positive quantity and our mathematical tool box is rich of positi-
ve stochastic processes capturing many observed stylized facts.
In contrast, the CDS value may be positive or negative, is boun-
ded from above and below, and hence more difficult to model
directly.

How do we tackle this pricing problem? To the best of our knowledge, Martin (2012) is the only refe-
rence dealing with this issue. His idea is to express the quantity
E[DPL(tE , tE , tN ) | Ft] – conditioned on survival until tE – as a
function of stE , say f(stE ). This implies, together with the idea of
the formula (2), that we may rewrite the CDS option value as

CDSO(0) = E
[
DF (0, tE) 1{τ>tE}

(
(stE − c

(K)) f(stE )− u(K)
)
+

]
,

which appears to be a convenient starting point at least for nu-
merical computations when specifying dynamics for st. The di-
sturbing default indicator in the latter expectation can now be got
rid of by either applying Schönbucher’s survival measure idea
(this is proposed in Martin (2012)), or by imposing a subfiltration
structure. By precisely the same steps as in Brigo, Morini (2005)
we obtain the formula

CDSO(0) = E[DPL(0, tE , tN )] Ē
[(
s̄tE − c

(K) − u(K)

f(s̄tE )

)
+

]
,

(6)

where the second expectation is again taken with respect to the
measure P̄, under which s̄t is a martingale. From a theoretical
point of view, the assumption of the premium leg being given as
a function of the spread is not justified but intuitive. From a prac-
tical point of view, an implementation of formula (6) requires an
approximation for the function f . Akin to the ISDA standard mo-
del, one might choose f as the concatenation of (i) the function
which finds the exponential rate parameter in the standard ISDA
model matching the prevailing running CDS spread and (ii) the
function which computes the expected value of the premium leg
with the obtained exponential rate10. For later reference, we call
this choice for f the “exact” choice. The approach taken in Martin
(2012) is even one step simpler. A parametric form for f is ass-
umed, which is motivated by the approximation s0 ≈ λ (1 − R)

10Notice that f should also depend on the interest rate term structure at tE ,
which might be specified as the ISDA standard for the respective currency.
Using determinsitic discount factors, forward discount factors at time tE
should be used in the calculation.
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discussed earlier. More precisely, it is assumed that

f(stE ) ≈ 1− e−(r+(1+ε) stE /(1−R)) (tN−t)

r + (1 + ε) stE/(1−R)
, (7)

where R is the constant recovery rate parameter, r denotes a
flat interest rate parameter, and ε > 0 is a small correction pa-
rameter which is introduced in order to make the approximative
formula for f match the “exact” choice of f when fitted to certain
market observables. Alternatively, it is not too costly to just stick
with the “exact” choice for f , which, however, cannot be written
down in algebraically closed form, but instead must be evaluated
numerically. For tE = 0.6192 and tN = 5.6192, using a (forward)
discounting curve derived from 3m-tenor based EUR swap rates
as prescribed by the standard ISDA method for EUR denomina-
ted CDS, Figure 1 visualizes the “exact” choice for f and the ap-
proximation (7) with ε = 0 and different values for r. This clearly
shows that the approximation is not bad –indeed almost perfect
– provided one picks the right r, which seems to act like a paral-
lel shift. This method of picking r is similar to Martin’s method of
picking ε (and choosing r differently). From a mathematical view-
point, the parameter ε is redundant because its contribution can
be shifted into the second parameter r. However, it might make
sense to work with two parameters (ε, r), e.g. by deriving r so-
mehow from interest rate data as proposed in Martin (2012), in
order to equip it with some economic meaning.

0 100 200 300 400 500 600 700 800
3.5

4

4.5

5

s
t
 in bps

f(
s t)

 

 

exact
proxy with different r

Fig. 1: Visualization of the “exact” choice of the function f , and
its approximation (7) with different values of r and ε = 0,
for an exemplary forward-starting CDS with maturity 5y.

It is obvious that the formula (6) boils down to the formula (5)
of the previous subsection in the special case u(K) = 0 and
c(K) = s(K). This is the only case in which a Black-type formula
is obtained when assuming a lognormal distribution for the run-
ning spread. In all other cases, the expectation value must be
evaluated numerically by integration against the lognormal den-
sity, which is not a big issue in practice, however.
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Practical implication A natural, interesting question is to what extent the new upfront
quotation has an effect on CDS option prices. An at-the-money
CDS option should be one in which the pair (u(K), c(K)) corre-
sponds to the underlying CDS contract having the value zero
from today’s point of view. This means the values c(K) and u(K)

are in a one-to-one relationship via the following algorithm.

Algorithm 1 (Standard upfront conversion)
Input are the strike coupon c(K) and the currently prevailing CDS
running spread for a CDS that starts immediately and has the
same maturity (i.e., 1y, 5y etc., not the same maturity date!) as
the underlying CDS of the option.

• Derive an exponential rate parameter λ from the given run-
ning spread by means of the standard ISDA model.

• Using the ISDA standard model from the first step, compute
E[DPL(0, tE , tN )] and E[DDL(0, tE , tN )].

• Return u(K) = E[DDL(0, tE , tN )]− c(K) E[DPL(0, tE , tN )].

This algorithm constitutes the market standard for computing u(K)

from a given strike running coupon cK . The value of the CDS op-
tion is not invariant under the choice of these pairs, see Figure
2. The higher the strike running coupon c(K), the smaller the as-
sociated upfront u(K), which is paid immediately upon exercise
of the option. For instance, if the upfront is negative, then the op-
tion holder might have an incentive to exercise the option even
though it is out of the money at tE . This is a striking difference
from call option contracts in equity markets.
Similarly, an out-of-the-money CDS option should be one in which
the pair (u(K), c(K)) corresponds to the underlying CDS contract
having a negative value from today’s point of view (of the protec-
tion buyer). Having set the strike coupon c(K) to a level above
the currently prevailing running spread, it is reasonable to com-
pute an associated upfront via Algorithm 1, where the currently
prevailing running spread in the input parameters is replaced by
c(K).
In contrast to the previous subsection, a no-knockout option isNo-knockout case?

slightly more complex compared with a knockout option. The re-
ason is that if the credit event occurs before expiry tE , exercising
the option (which is necessary in order to receive default com-
pensation) provides the holder with the cash flow 1 − R − u(K),
which is only positive when the upfront is smaller than the default
compensation. Hence, the front end protection is not received
unconditionally, but instead contingent on the fact that 1 − R >
u(K). With a constant recovery assumption, the pricing is achie-
ved similarly as in the previous subsection as the sum of a knock-
out option and the front end protection. The latter, however, is
now multiplied with the indicator 1{1−R>u(K)}. Since the front end
protection obviously contains a significant amount of recovery
risk, the use of a stochastic recovery model might be reasona-
ble. The latter, however, complicates the pricing, especially when
independence between recovery rate and spread level cannot be
assumed.
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Fig. 2: At-the-money CDS options on an exemplary CDS with
maturity 5y for different pairs (u(K), c(K)). The spread s̄tE
is assumed to have a lognormal law with volatility para-
meter σ = 60%. The dotted red line indicates the cur-
rent forward running spread, i.e. the pair

(
0, s0(tE , tN )

)
.

It is obvious that the option value increases in the strike
coupon.

3 Conclusion We reviewed the mathematical derivations of the market stan-
dard formulas for single-name CDS options.

Appendix It is briefly explained how to get rid of the disturbing indicator in
(4) via the subfiltration structure. To be precise, it holds that

E
[
DF (0, tE)

(
E[DDL(tE , tN ) | FtE ]

− s(K) E[DPL(tE , tN ) |FtE ]
)
+

1{τ>tE}

]
= E

[
DF (0, tE)

(
E[DDL(tE , tN ) |HtE ]

− s(K) E[DPL(tE , tN ) |HtE ]
)
+

1{τ>tE}

P(τ > tE |HtE )

]
= E

[
DF (0, tE)

(
E[DDL(tE , tN ) |HtE ]

− s(K) E[DPL(tE , tN ) |HtE ]
)
+

]
,

where the last equality is obtained from the tower property of
conditional expectation when conditioning the expression under
expectation on HtE and using the fact that all terms except for
the indicator are measurable with respect to HtE .

Acknowledgements Helpful comments by German Bernhart on earlier versions of this
manuscript are gratefully acknowledged.

References A. Armstrong, M. Rutkowski, Valuation of credit default swapti-
ons and credit default index swaptions, International Journal
of Theoretical and Applied Finance 12 (2009) pp. 1027–1053.

111111



D. Brigo, M. Morini, CDS market formulas and models, Procee-
dings of the 18th Annual Warwick Option Conference, availa-
ble at http://www.damianobrigo.it/cdsmktfor.pdf (2005).

J. Hull, A. White, Valuing credit default swaps I: no counterparty
default risk, Journal of Derivatives 8:1 (2000) pp. 29–40.

J. Hull, Options, futures and other derivatives, Pearson Prentice
Hall, 7th edition (2008).

F. Jamshidian, Valuation of credit default swaps and swaptions,
Finance and Stochastics 8 (2004) pp. 343–371.

M. Jeanblanc, M. Rutkowski, Default risk and hazard processes,
in Mathematical Finance – Bachelier Congress 2000, eds. H.
Geman et. al., Springer (2000) pp. 281–312.

R. Martin, A CDS option miscellany, Working paper, available at
http://arxiv.org/abs/1201.0111 (2012).

P. Schönbucher, A measure of survival, Risk Magazine 17 (2004)
pp. 79–85.

121212


