Pricing caps and swaptions on zero coupon bond
prices in Lévy models
Audrey Drif

Inria Rocquencourt Projet MATHFI
email: auddrif@yahoo.fr

Contents

1 Model 1
2 Pricing caps 3
3 Pricing swaptions 4

4 Lévy process and volatility stucture cases used to price caps and swaptions 6

5 Manual program 7

Abstract

Here, we are going to give an exact formula to price caps on zero
coupon bond price rates in Lévy models. For this, we use the paper of
Eberlein and kluge [?].

Premia 18

1 Model

In this section, we give an expression of the characteristic function of a Lévy
process in terms of its triplet (c,v,b).

Theorem 1.1. (Levy-Kinchin representation)
Let (L¢)o< be a Lévy processes on R with characteristic triplet (c,v,b).
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Then
E[¢*Xt] = () ¢ RY
with 1(z) = —3zcz + ibz + [p(€® — 1 — izw1(y<1))v(da).
Now, we can look at the dynamics of the instantaneous forward rates

for T' € [0, T%] which are given by

FILT) = £(0,T) + /Otoz(s,T)d,s _ /Ota(s,T)dLs 0<t<T)

(L) is a Lévy Process on R with characteristic triplet (c,v,b) and the initial
values f(0,T) are deterministic and bounded and measurable in T. Moreover,
a and o are stochastic processes with values in R and R respectively defined
on Q x [0,7%] x [0,7%] that satisfy the following conditions:

o (ws,T) = a(Q,s,7T) and (w,s,T) — o(Q,s,T) are measurable with
respect to P & B([0,T7]).

e For s>T we have a(£,s,T7)=0 and (2, s, T)=0.

b Sups,TST*qa(st?T” + (|O'(Q,S,T)|)

Thus, in using the following expression B(0,T) = exp ( — ftT f(t, u)du)
with ¢ < T, we can deduce an expression for zero coupon bond price rates:

B(t,T) = B(()’T)ef;(r(s)—A(s,T))ds-i-fg S(s,T)dLs
where
T
A(s,T) = / a(s,u)du
and
T
X(s,T) = / o(s,u)du, (s <t).

Now, we put a new condition on the Lévy measure. Indeed, in this model
we suppose :

e Assumption(EM): There are constant M,e > 0 such that for
Yu € [—(1+e)M, (1+e)M]? Jizp1 €57 v (ds) < oo.
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e Assumption(IDET): The volatility structure o is deterministic and con-
tinious in the first argument. Moreover, for 0 < s,T < T* we have
0 < Xs,T) <M (i €1,..d) where M is the constant from as-
sumption (EM).

Or if the Lévy measure satisfy the additionnal condition | |z|v(dz) <

z|>1
iZLt]

oo, Ele can write as

et(— %zcz—l—ibz—&—f]Rd (e —1—izz)v(dz)
where
b=b+ [ wippvlda).
Rd

Thus, the function 6 characterized by
1
w@:zb+§zm+/ké“—1—&@mmm
R

verify the following relation:

E[eiu.Lt] _ etG(z‘u)_

In this new model, we can derive explicit formulas for caps and swap-
tions.

2 Pricing caps

Here, we want to price a call with strike K and maturity t on a bond which
matures at T is then given by

1

t
For this, we consider the forward martingale measure for the settle-
ment day t P; defined by

d Py 1 t ‘
dP ~ B,B(0.t) cap A @J®+A (s, t)dLy)

Under the measure P; the price of this call is

B(0,t)Ep,[(Dexp(X) — K)*]
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where

Do B0, T) _[*(6((s.1))~0((s,t)))dLs

and
X :/0 (S(s,T) — S(s,))dLs

is Fj-measurable. Suppose the distribution of X possesses a Lebesgue-
density. Choose an r<-1 such that M;*(—r)<oo. Then we have:

1
r+iu)(r+ 1+ du)

1 o
Colt, T, K) = 5~ KB(0, )¢’ / o M (—r — iu)du

where M;¥ is the moment generating function of the random variable
X with respect to the measure P, and ¢ = log(g((g’%) — Ja (H(E(S,T)) -

0(3)(s,T)))ds + log(K).
To choose r, we can use the following lemma;:

Lemma 2.1. Choose M and ¢ in assumption (EM) such that X(s,T) < M’
conponenwise for an M’ < M and for all s,Te [0,T*]. Then, for each r
€[-1- M]\j[],‘/f/, —1] we have Mj* < co. Moreover, for z€ C with Rz = —r

M (z) = emp/ot (G(ZE(S,T) +(1- Z)Z(s,t)) - H(E(S,T)))ds

where the function 0 verify the following expression 0(iu) = (u) ,u € R.

This result is very important. Indeed, it is difficult to know the distri-
bution of X under the measure P;.

3 Pricing swaptions

In this section, we propose an expression for pricing swaptions. For this, we
need the following condition:

Assumption(VOL): For all T€[0,7%] we have o(.,T) # (0,...,0)and  o(s,T) =
o9(T)o1(s) ,(0 < s <T) where

o1 :[0,T%] — R?

and
o1 :[0,T*] — R?
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are continously differentiable.
The three cases of volatility stucture that we are going to study satisfy this
assumption.

Let Be(t,Th,...,T,) be the time t price 1 and maturity 7,, paying to its
owner an amount of C1, ..., ), at the dates 11, ..., T),.

We want to price a call with strike 1 and maturity t on that bond is obtained
by taking the expectation of the discounted payoff. Thus, the formula is:

1 n
Co = E[(Y CiB(t,T) - 1)*]
B 5
As before, we modify the probability and we get after some modifications:

Co = B0, O)ER[(3(DiePX) — 1)*]
=1
where B(O.T: .
Dy = i e [ (0(3(5,1)) ~ 6(3(5, ) s

and .
X :/ (S(s,Tp) — (s, £))dLs.
0
To obtain an explicit expression, we need the following result:

Theorem 3.1. Suppose the distribution of X possesses a Lebesgue-density.
Choose an r<-1 such that M;* (—r)<oo and let Z be the unique zero of the
stictly increasing and continuous function

g(z) =Y Die"" —1
=1

Thus, we have

Co = %B(O, f) Jim. /i L[o](r + iw) M (= R — iu)du
where
Lv](r + iu) = e<r+iu)Z(¥ — Xn:(DieBiZ;_))
rtiu = B, +1r+iu

and z € C,Rz = —r with

MtX(z) = ea:p(/ot(ﬁ(zz(s, To)+ (1 —2)2(s,t)) —0(X(s,T)))ds).
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4 Lévy process and volatility stucture cases used

to price caps and swaptions

We are going to price caps and swaptions for differents Lévy processes and
volatility stuctures.
We study five cases for the Lévy process which are:

1.

2.

Brownian motion

Brownian motion+Compound Poisson process with intensity A and
jump size distribution f where

1 RN
(& 2var?

fz) =

vary/ 2w

and the Lévy measure is defined by v=\f(x)

Lévy process where the Lévy measure is defined by

ef)\x

v=a 1{33>0} ,)\,CL > 0.

Lévy process where the Lévy measure is defined by

e—)\x
V= a?1{1>0} ,)\, a > 0.

Lévy process where the Lévy measure is defined by

-z
(&

l/:aTﬂl{x>0} ,O<a<1and)\,a>0
x

For the volatility structure, we use three cases given by Eberlein and Kluge
which verify the condition (VOL):

1.
2.

3.

o(s,T)=c (Ho-Lee volatility stucture).

o(s, T)=Ge *=%) (vasicek volatility stucture).

o(s, T)=5e *(t=%) 11177?; (Moraleda-Vorst volatility stucture).

for 6,7 > 0 and = # 0.
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5 Manual program

1.

The program ask us to choose the volatility stucture and the Lévy
process that you want to use.

The program ask us to enter the stike K, the drift b, the brownian
coefficient c.

The program ask us to enter volatility structure parameters:

e In the first case, the program ask us to enter &.
e In the second case, the program ask us to enter 6 and x.

e In the third case, the program ask us to enter &, x, 7.

. The program ask us to enter the Lévy process parameters:

e In the first case, we have nothing to enter.

e In the second case, the program ask us to enter u, var, .

e In the third case, the program ask us to enter A, a.

e In the fourth case, the program ask us to enter A, a.

e In the last case, the program ask us to enter A, a, a.

e In the case cap, the program ask us to enter t, T and the strike
K.

e In the case swaption, the program ask us to enter the number of

dates n, the date t, the dates T; and the amounts Cj;.

Finally, we must calculate the zero coupon bond prices. For this, cal-
culate bond prices by interpolation in using the values and dates of
bond prices already known.
The program ask us to enter the number of bond prices that we know,
their dates and their values.
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