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Our Setup

m Reduced-form type of model.

m Use the to obtain closed-form
solutions

The class of GQTS include as special cases ATS and Gaussian-QTS.

It is as far as we can go in terms of exponential polynomials.

m Incorporate realistic features using
Clustering of defaults within firms

Correlation of defaults across firms

m Deal with
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Previous Reduced-form Models

Deterministic intensity of default

Affine intensity models
Gaussian Quadratic models

Hard to replicate.

It is hard to obtain reasonable
correlation of defaults for reasonable
intensity levels.

Some affine intensity models do not
guarantee positive intensity.
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Our Model

The default time 7 is a doubly stochastic random time with

intensity e = n + Jy

o= ZIQZi+eg" (0Z+f(t) T, = Y Yih(t—7)

ﬂ ﬂ 7 <t

Finite 1,72,
state variable driven by

Jump process where
Wiener Process.

are the jump times of a
standard Poisson process.
The fh(z) = e™"" be, for
instance,
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Our intensity
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Advantages of our Framework

The intensity is positive in a natural way
We get (quasi) closed form expressions to all key ingredients.
The processes 7 and .J, are

i

For each name k we have:

, Each term is of
Ay quadratic + shot
noise form

\Systematic term that
Firm-specific term depends upon the Clustering/Contagion
sensitivity of each
name to the overall
economy.

to multiple firms

Business Cycle
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A concrete instance
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Figure 3: Simulated defaults of two companies according to the concrete model.
Fi = l.ay = 0.5.0;, = 0.2.1° = 2.b = 0.5.

Y; ~ v2%(2) and r = 0. The left picture if for ¢; = 0.1, the right ¢; = 0.5.
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Figure 4. Model parameters:oc = 0.5, 3 = 0.1ar, ¢ = 0.1,b = 0.5. The Graph shows the
correlation for varying € = €1 = €3 (left, [ = 1) and [ = [° (right, = ¢ = €3 = 0.4).
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Key Ingredients

We consider the following risk-neutral expectations the key
ingredients in credit risk reduced-form models

Sf? (9 t? T) = E@ {E_ ftT 9"]’? ds FP’

) . T k. :
Ly(0.1.7) == E* [9?’7%6? S o |y
' canh be obtained

SE@,1,T) 1= B [e= [ mertulds g | gmdy  eitherin

or up to the

Sh(0,t,T) = EQ e~ [ 075ds| g
J t

U (0,6,7) == B2 |9.Jfe 1 0720 R

T

fwl: (9 t, T) P — E@ [977%;6_ ff_ ?*54—9-?;’?([.9 ‘F}’L}
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Sk6.t,T) = E@ _eftT‘g“de\Fl’V} — 5%(0,1,T) - S5(0,1,T)
SHO.4,7) = EQ e It = Sh0,6,T) - 55(0,4,7)
rk@,¢,7) = E2|opu e—ff@ﬂ?dSF}V}

= Ff,’;(é, t,7)S5(0,¢,T)+T5(0,t,7)Sx(0,t.T)
CE0,t,T) = EQ |gute [ retfuids plv

= T0(0.t,7)8%5(0,t,T) + I%5(0,t,1)Sk0,¢,T).

What can we obtain in
(quasi) closed form using
these key ingredients?
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For each name
= Survival (and default) probabilities: @fq(t tn)
= Prices of defaultable discount bonds: ﬁg (t,t,)
= Prices of digitals : ** (t,tn_1,tn)
(price of a payoff of 1 if default occursin (t,,_1,%,])

For any two names
® Default correlation: [)i’j (t, T)
For portfolios

" First-to-default spreads: SFD(t)
= Total loss distributions under Q( L7 < z|Gy) Q' (LT < }G’f
v = Par spreads for CDO tranches on credit indices: (t b )
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CDOs I :

Senior

The loss process:

L(t) =Y xc; ¢"M" | |Mezzanine

Equity S !
.““
T T T Defaults T T t
0 if L(t) < b1
Tranche Losses: Lit)=< L(t) — b=t if bi—L < L(t) < b

bt — b1 if L(t) > b
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Credit Indices

=The iTraxx is effectively a 125

*To guarantee liquidity, the portfolio is reorganized (the so-
called series) semiannually.

="The aim of this procedure is to guarantee that the underlying
portfolio stays in a certain class of credit worthiness.

Raquel M. Gaspar 14



= Assume the notional is 1

" The credit index is on K names, each represented by a CDS
with spread

= All names are in the same credit class so it reasonable to
assume some homogeneity in terms of losses (given default),
sensitivity to common factors and tenor structure

qk:q Ek:E tJ:jAﬁlgjgi\Ty

=Each name have equal weight ( M* = M)
= Typically, the recovery in traded indices is set to zero, but we
stay a bit more general at this point.
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The payment stream of the credit index is as follows.

sal—
Fixed leg |- I8 .| Defaulting leg
Y -9 =010-qNe, — Ny, _,)

Tk = (t-n.—l -ptn}

"The spread of a credit index is and average of single CDS
spreads only until the first default occurs.

"The exact expression of the index spread is given by
Zn 2 {i’,1>i’} ZL 1 € (t ti’l 1, tn,)

S, = qK =
AZf >t ZL 1})0(1* t”«)
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Tranches on Credit Indices

= We consider the overall nominal to be 1.

= A refers to an interval (b1; b2] [0; 1].

" Investing (selling protection) in a tranche is again done by a
swap where the following payments are exchanged:

! (b2 — Ly,) "
b (1{Lt11 gbl} + b2 L bl 1{L'tn>$1}

»
»

Buyer | Seller

(b2 = Lo )" = (b= L) ) Lyry, o)
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" The par spread of tranche (b1; b2] is given by
S(t, bla bQ) —

b r\ N T
_fbf (p(t’tl)l{ﬂf@} — C(t, ty=y) + Z JLO ) - (1 - S(:%j:)l))) dy
N1
Zn:l bQib1 b1 C(t tn" y) dy

where
C(t,T,y) = p(t, T)Q" (L < y|G)

4
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Conclusion

= \WWe propose to use a
when dealing with credit risk.

= We show that this class of models:

" js flexible enough o capture realistic correlation and
clustering of defaults

" it is rather parsimonious as all (default) correlations result
from a common term in the default intensities of the names
= allow to derive in (quasi) close form solutions to all
interesting variables of credit risk. Even in the case of
portfolio credit products

= consistently prices single-name and portfolio credit
products.
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Further Research

=Calibrate a concrete instance of our class of models to market
data!
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