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A Model with Noisy Asset Information

o Consider a structural model
e Fact: firm value (V;): is not observable !

@ Investors use other sources of information:

o Accounting information (Duffie & Lando 2001)
o Information collected from newspapers, etc

= Incomplete information leads to a filter problem

Goal of this work:

1. Fundamental relationship of equity and debt
under incomplete information (joint with R. Frey)

2. Tractable framework which incorporates sudden information updates
using shot noise models
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Information Structure

What kind of information is available to the investor ?

@ Information on the default state

© News on the company at random times

o If the company is in trouble = more frequent news
ie news intensity depends on healthiness of company

o News is discrete, for example good / bad or rating

© Dividends depend on the firm value
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Fundamental value of equity under full information

@ Denote firm value by (V;)¢>o, default by 7 :=inf{t > 0: V; < K}
o Dividends D,, paid at T,,, n=1,2,..., are noisy signals of V:

Dy = 6,Vr,_

On iid. ~ vs(dx)
o Full information: Fy = o(Vs:s < t,(Th,Dn): Tn < t)

© Set Re =31 _,0n" K, £ €[0,1]. Under some EMM Q

th = Vt7/1/ dt+ Vt70' th — thth

Equity is discounted value of the paid dividends,

Si=1(20 IEQ(/ e "IV, _dR,
t

ft). (1)
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Make it easy:

@ Assume T, are jump times from a Poisson process with intensity A
o Denote § := E?(61)

Under i < Ao +r, k=1

s= il - (07w @

where «* < 0 such that

O=ap—r+ %oza(a —1) +A[/01(1 — x)%s(dx) — 1]

@ In the simulation we use a Beta-distributed §.
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Note that S is a concave function of V
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Pricing Debt

@ On {7 > T} derive

P(r > T|V:) = P( dnf Vs> K|Ve)

@ Default probability leads to prices for Bonds and CDS

@ Summarizing, we can price equity and debt under full information
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The case of incomplete information

o News are modeled as (I,)n=12...., I occurring at T,
e Specify P(I, = i|Vr, =v) =uv(i,v) fori € {i,...,im}
@ Information available to the investor is

He = {1{V5>K} s <t;(Ta,Dp): To < 't; (7'",,/,,,) CTm < t}
@ Value of equity is

Se=1(rsn IEQ[EQ(/T e "7 stdRs|ft) ‘Ht} :
t

~~

()

e (x) = f(V;) already computed (full information case)
= Need: conditional distribution of V; given H;

@ Analogously for default probability, bond and CDS

Thorsten Schmidt, University of Leipzig



Find an approximate solution for the filter problem

o Consider a discrete time approximation, tx, = Ak, for fixed A

o Use discrete-time, discrete space Markov chain (V)
e State space M° = {mf,..., m}}, transition probabilities pj
o Discrete Information:

HE =0 (V> K(8) i <k, (To Do)t To < ti, (T ) - Tw < 1),
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Conditional Distribution of (Vj)

Information at time t, after d dividends is

Ac:={Vi>K(t): i<k}, Ix:= a((T,,,D,,) cTh <tk (:I_m,lm) T < tk)

Then, on {Ty < ti, Tay1 > tc},
P (Vi = m}|HE) = P(Vi = m{|1a,, Dx)
_P(i=m AD)

P (Ax|Dx) SN gk

= i

Thus, we need only the unnormalized probabilities 7rjk
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Proposition

If Information Intensity does not depend on the firm value, we have:

@ If tx is not a dividend date and no information arrives, then
N
Kk Kk k—1
T = Lmksky > P 3)
i=1

@ Iftx is not a dividend date but {t,_1 < T; < ti}, then
K ~ K K
T = 1{mj’.(>K} Uy I/[(I,',mj),
where 7 are computed according to (3)
@ On {tk—1 < Ty < tk}, but no information we have
k _ ok 1 ( Dy )
T = 1 i vs 5

k—1 T — —
{mft>K+04} " mjl'(—l mj‘.‘_l

where 7 are computed according to (3)

@ Combination of information and dividends . . .
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Incorporating additional information is also possible (see paper):

@ News intensity depends on the firm value

@ Correlated index is equivalent to time dependent boundary
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Analysis of the filter in practice

Conditional Density for Firm Value
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We have the following result:

Lemma

If the stock price is a concave function of the firm value (under full
information) then neglecting incomplete information leads to a underestimation
of the firm value.

Proof.
We have from Proposition 1, that

| \

St = f( Vt)?

where f is a concave function. Using the stock price as statistic for the firm
value and neglecting incomplete information leads to

Ve=f1(Se) = 1 (E(F(Ve)|He))-
f is monotonically increasing, so A < V4 is equivalent to

f(Ve) = E(f(Ve)|He) < FE(Ve|He)),

which follows using Jensen's inequality. |

v
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A Shot Noise Model for Pricing Credit

Motivated by the previous results, assume the intensity follows
Ae = A+ Js,

where } is some diffusion component (eg general quadratic) and
e
Je=)_Yi-h(t—#),
i=1

N is Poisson process with jumps 7;.
Typical examples:

h(t) =e ™
h(t) = 1[0,31

or more general forms. Markovianity only for the 1st case!
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Figure: Possible realization of the process J with h(x) = e~%-5 and x3-distributed Y;.
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Credit Portfolios with Clustering

@ In Gaspar, S (2006) we apply this approach to credit PFs and CDOs.

o Consider k = 1,..., n credit risky with individual intensities
e = pf + € pf
Here ;¥ and ;i€ have the shot noise feature and the diffusions are general

quadratic.

= Obtain Markovian model with closed-form solutions for lots of credit
derivatives, etc.

o Generalizes Duffie, Garleanu (2001) and allows for default clustering, ie
high default correlation.
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