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Applying piecewise deterministic Markov processes theory, the probability generating function
of a Cox process, incorporating with shot noise process as the claim intensity, is obtained. We also
derive the Laplace transform of the distribution of the shot noise process at claim jump times, using
stationary assumption of the shot noise process at any times. Based on this Laplace transform and
from the probability generating function of a Cox process with shot noise intensity, we obtain the
distribution of the interval of a Cox process with shot noise intensity for insurance claims and its
moments, that is, mean and variance.
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1. Introduction

In insurance modeling, the Poisson process has been used as a claim arrival process. Extensive
discussion of the Poisson process, from both applied and theoretical viewpoints, can be
found in [1-6]. However there has been a significant volume of literature that questions the
suitability of the Poisson process in insurance modeling [7, 8]. From a practical point of view,
there is no doubt that the insurance industry needs a more suitable claim arrival process than
the Poisson process that has deterministic intensity.

As an alternative point process to generate the claim arrivals, we can employ a Cox
process or a doubly stochastic Poisson process [9-15]. An important book on Cox processes
is the book by Bening and Korolev [16], where the applications in both insurance and finance
are discussed. A Cox process provides us with the flexibility to allow the intensity not only to
depend on time but also to be a stochastic process. Dassios and Jang [17] demonstrated how a
Cox process with shot noise intensity could be used in the pricing of catastrophe reinsurance
and derivatives.
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It is important to measure the time interval between the claims in insurance. Thus
in this paper, we examine the distribution of the interval of a Cox process with shot noise
intensity for insurance claims. The result of this paper can be used or easily modified
in computer science/telecommunications modeling, electrical engineering, and queueing
theory.

We start by defining the quantity of interest; this is a doubly stochastic (with a shot-
noise intensity) point process of claim arrivals. Then, we derive the probability generating
function of a Cox process with shot noise intensity using piecewise deterministic Markov
processes (PDMPs) theory, for which see the appendix. The piecewise deterministic Markov
processes theory is a powerful mathematical tool for examining nondiffusion models. For
details, we refer the reader to [17-25]. In Section 3, we derive the Laplace transform of the
distribution of the shot noise process at claim times, using stationary assumption of the shot
noise process at any times. Using this Laplace transform within the probability generating
function of a Cox process with shot noise intensity, we derive the distribution between events
of a Cox process with shot noise intensity. These can be insurance claims for examples. We
also derive the first two moments of this distribution. Section 4 contains some concluding
remarks .

2. A Cox process and the shot noise process

A Cox process (or a doubly stochastic Poisson process) can be viewed as a two-step
randomisation procedure. A process .\; is used to generate another process N; by acting as its
intensity. That is, N; is a Poisson process conditional on \; which itself is a stochastic process
(if A; is deterministic then N is a Poisson process). Many alternative definitions of a doubly
stochastic Poisson process can be given. We will offer the one adopted by Brémaud [15].

Definition 2.1. Let (Q, F, P) be a probability space with information structure given by F =
{J;, t € [0,T]}. Let N; be a point process adapted to F. Let A; be a nonnegative process
adapted to F such that

t
J- As ds < oo almost surely (no explosions). (2.1)
0

Ifforall0<t; <tpandu € R

. ;. tz
E{eMNe=Ni) | 51} = exp {(em -1)| A ds} (2.2)
ty

then N; is called a J;-doubly stochastic Poisson process with intensity, A; where Jf‘ is the
o-algebra generated by A up to time t, that is, Jt* =o{ls; s <t}

Equation (2.2) gives us

2 2 k
exp (= [idsds) (fiAs ds)

PI‘{Ntz—Nt1=k|)LS,' t1§S§t2}= x

(2.3)

ty
Pr{m,>t|As; 1 <5<t} =Pr{N, -Ny, =0]A; 1 <5<t} =exp<—f )Lsds>, (2.4)
t
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where 7 = inf{t > 0: N; = k}. Therefore from (2.4), we can easily find that

Pr(m, <t) = E{/\tz exp ( - tz)ts ds) } (2.5)

3]

If we consider the process A; = ﬁ))‘s ds (the aggregated process), then from (2.3) we can also
easily find that

E(QNtz_Nfl) — E{e—(l—Q)(Atz—Atl) }, (2.6)

where 6 is a constant between 0 and 1. Equation (2.6) suggests that the problem of finding the
distribution of N, the point process, is equivalent to the problem of finding the distribution
of Ay, the aggregated process. It means that we just have to find the probability generating
function (p.g.f.) of N; to retrieve the moment generating function (m.g.f.) of A; and vice
versa.

One of the processes that can be used to measure the impact of primary events is
the shot noise process [26-28]. The shot noise process is particularly useful within the claim
arrival process as it measures the frequency, magnitude, and time period needed to determine
the effect of primary events. As time passes, the shot noise process decreases as more and
more claims are settled. This decrease continues until another event occurs which will result
in a positive jump in the shot noise process. Therefore the shot noise process can be used as
the parameter of doubly stochastic Poisson process to measure the number of claims due to
primary events, that is, we will use it as a claim intensity function to generate the Cox process.
We will adopt the shot noise process used by Cox and Isham [26]:

M;
A= doe™® + D Ve 005, (2.7)
i=1

where

(i) Ag is initial value of Ay;

(ii) {Yi}i1,.. is a sequence of independent and identically distributed random
variables with distribution function G(y) (y > 0), where E(Y;) = p1;

(iii) {Si}i-1,, . is the sequence representing the event times of a Poisson process M; with
constant intensity p;

(iv) 6 is rate of exponential decay.

We assume that the Poisson process M; and the sequences {Y;},_; , are independent of each
other. Figure 1 is the graph illustrating shot noise process. Figure 2 is the graph illustrating a
Cox process with shot noise intensity.

The generator of the process (A, A, t) acting on a function f(A, A, t) belonging to its
domain is given by

of @ d °°
Af(A L) = a—{ + Aa—f\ - ma—f): +p UO FIML+y,HdGY) - FALLD]. (28)
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Figure 1: Graph illustrating shot noise process.
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Figure 2: Graph illustrating a Cox process with shot noise process.

For f(A,A,t) to belong to the domain of the generator A, it is sufficient that f(A,\,t) is
differentiable with respect to A, A, t for all A, A, t and that |f8°f(-, A+y,)dG(y) - f(-, A, )| < oo.

Let us find a suitable martingale in order to derive the probability generating function
(p-gf.) of N; at time £.

Theorem 2.2. Let us assume that Ay and Ay evolve up to a fixed time t*. Considering constants ky
and ko are such that ky > 0 and ky > —k,e™°",

exp (- ki6A) exp { — (k1 + kae®) A} exp [pft {1-3(ki + ke%) }ds (2.9)
0

is a martingale, where g(u) = ff)e’“de(y) and t > 0.

Proof. Define W; = 6A; + Ay and Z; = €%, then the generator of the process (W;, Z, t) acting
on a function f(w, z,t) is given by

0
Af(w,zt) = a—j;+p

fwf(w +y,z+ye®,1)dG(y) - f(w,z,1)|, (2.10)
0
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and f(w, z,t) has to satisfy A f = 0 for f(W;, Z;,t) to be a martingale. We try a solution of
the form e"®1%e " =h(t), where h(t) is a differentiable function. Then we get the following
equation:

W (t) - p[1 -3 (ki +koe®)]h(t) = 0. (2.11)

e fiwekzp (1) belongs to the domain of the generator because of our choice of ki, ky; the
function is bounded for all ¢ < t* and our process evolves up to time t* only. Solving (2.11)

h(t) = KePlol1-8(kivkee™)}ds (2.12)
where K is an arbitrary constant. Therefore

e Wi p=kaZi ol (1-g (ki +kae™) ) ds (2.13)

is a martingale and hence the result follows. O

Corollary 2.3. Let vi 20, v, >0, v>0, 0<0 <1, and t;, t, be fixed times. Then

E{e—vl(/\tz—A,])e—vZ)tt2 | Atlf)ltl} = exp [_ {% " <v2 _ %)e—ﬁ(tz—tl) })ttl]

bt (2.14)
cop|-of - [i-a{ T (-5 ) ]
e o152 o 52
f2=h (1-6 1-0\ s,
><exp[—pf0 [1—g{—6 +<v——6 )e }]ds].
(2.15)

Proof. We set ki = v1/6, ko = (v — w1/ 6)e 2, t* > t, in Theorem 2.2 and (2.14) follows
immediately. Equation (2.15) follows from (2.14) and (2.6). O

Now we can easily derive the probability generating function (p.g.f.) of N; and the
Laplace transform of \; using Corollary 2.3.

Corollary 2.4. The probability generating function of Ny is given by

E{G(Ntz—Ntl) | )‘tl} =exp [_

conl-of* s 50

1 ; 6 {1 _ e—ﬁ(tz—h) }')Ltl]
(2.16)
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the Laplace transform of the distribution of A is given by
t
E{e™ | Ao} = exp (= vAoe™) exp [— p-[ {1-3g(ve™®) }ds] (2.17)
0
and if Ay is asymptotic (stationary), it is given by
E(e™) = exp [— pj {1-g(ve™®) }ds] (2.18)
0
which can also be written as
E(e™) = exp { - gf é(u)du}, (2.19)
0

where G(u) = (1 - g(u))/u.

Proof. If we set v = 01in (2.15) then (2.16) follows. Equation (2.17) follows if we either set v; =
0in (2.14) or set 6 = 1in (2.15). Let t — oo in (2.17) and the result follows immediately. O

Theorem 2.2, Corollaries 2.3 and 2.4 can be found in [17, 19], but they have been
included here for completeness and for comparison purposes.

If we differentiate (2.17) and (2.19) with respect to v and put v = 0, we can easily
obtain the first moments of \;, that is,

E(\; | Xo) = % + (AO - %)aﬁt, (2.20)
E(\,) = %. 2.21)

The higher moments can be obtained by differentiating them further, that is,

Var (A | o) = (1 - e—zét)’%’,
(2.22)

Var (A) = %,

where y, = E(Y?) = [ *dG(y).

3. The distribution of the interval between events of a Cox process with
shot noise intensity and its moment

Let us examine the Laplace transform of the distribution of the shot noise intensity at claim
times. To do so, let us denote the time of the nth claim of N; by 7, and denote the value of
Ay, when N; takes the value n for the first time by A,,. Since a claim occurs at time 7, this
implies that the intensity at claim times, 1., should be higher than the intensity at any times
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A:. Therefore the distribution of A, should not be the same as the distribution of A;, which will
be clear from Theorem 3.2.

Let us start with the following lemma in order to obtain the Laplace transform of the
distribution of the shot noise intensity at claim times. We assume that the claims and jumps
(or primary events) in shot noise intensity do not occur at the same time.

Lemma 3.1. Let N; be a Cox process with shot noise intensity \y. Let A be the generator of the process
A and suppose that f(A) is a function belonging to its domain and furthermore that it satisfies

tli%E{f(xt) exp < - f;)Ls ds> | )LO} = 0. (3.1)
Ifh(A) is such that
MB() = F)} + A (1) =0 (32)
then
E{h(\y) [ do} = f (o). (3.3)
Proof. From (3.2)
£+ [ Pulh) - 700 s G4

is a martingale and since Tf is a stopping time, where Pr(t; < s5) = Pr(Ns > 0) and Nj is
As-measurable, we have

Ef{(/\Tlf | Xo)} +E ITI [As{h(Xs) = f(Xs)}]ds | Ao| = f (o). (3.5)

0

Conditioning on the realisation 1,, 0 < v < ¢, T{ is distributed with density

A exp < - I;Au du> (3.6)
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on (0,t) and a mass exp(—fg)lu du) at t. Hence,

E{f(.A,T{) | Ao, 0<O <t} = J;{f(/\r))tr exp (— ’[;Au du) }dr + f (L) exp <— J‘;)Lu du>,
(3.7)
EU:AS{h(AS) ~f(A))ds | Ly, 0< D < t]
= J‘;J‘;)Ls{h()Ls) - f(Xs)}ds A exp < - J‘;)Lu du) dr (3.8)

+ J‘;AS{h(AS) ~ £ Jdsexp ( - f;A du>.

Changing the order of integration on the first term of this, it becomes

= [ [avewp (= [ wdu)arasn(a) - £ s
e [an) - s asenp (- [ uan)

oo fo)-eo(fo) s e o
e [atn) - s asenp (- [ duau)

_ ft exp ( _ IOA du>)ts{h()ts) _ £(A)}ds.

0

Adding (3.7) and (3.9), we notice that more terms cancel and we get

t

E{f()tﬁ) . ’[:As{h()us) ~F())ds | Ly, 0<0 < t}

= J‘; exp < - IZAH du) Ash(As)ds + f(\r) exp < - J‘;)Lu du> (3.10)

t

=E{h(As))lin<y | Ao, 0 <0 <t} + f(N) exp < —I )tudu>,
0
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and hence
E{FO) + [ A(h01) - 7(1))ds 2 |
0 t (3.11)
_ E{(h(/\ﬁ)l{ﬂg}) +F() exp (—IOAM du) Mo}.
From (3.5), we then have
t
h(A )L ne A | ddu) 10t = FQ1 12
E{ (hOn)1nze) + £ exp (= [ ) 100} = £10) (312)
and setting t — oo, we get (3.3). O

Assuming that the shot noise process \A; is stationary, let us derive the Laplace
transform of the distribution of the shot noise process at claim times, A.

Theorem 3.2. If the shot noise process \; is stationary, the Laplace transform of the distribution of
the shot noise process at claim times is given by

vy —%. _E &
E(e™n) = " exp{ 6J‘OG(u)du}, (3.13)

where G(u) = (1 - g(u))/uand g(u) = [Le™dG(y).
Proof. From Lemma 3.1, which implies that if f(1) and h(}) are such that
M) - ) =817 W+ p{ [ £+ pdGe - F ) =0 (314)
and (3.1) is satisfied, we have
E{h(Ar.,) [ Ar} = f(As) (3.15)

by starting the process from 7;. Employing f (1) = {A- §’(v) /(1-g(v))}e™, the function f ()
clearly satisfies (3.1) and substituting into (3.14), then we have

L, 8 g - _ -
J\{h N -dety S ”} +6vA{A——A}e v_gre™ = —ple M g(v) - 1}.
W T-30) T-30) pre {3t 1)
(3.16)
Divide by A and simplify then we have
_ - 8™ s
h(\) = le™ (1 -6v) +6e™ - (1 -6v) e +pe1-g(v)}. (3.17)

1-g(v)
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From (3.15), it is given that
E{h(')LTi+1)} = E[E{h()LTm) | ')LTi }] = E{f('/\"fi) } (3'18)
So put (3.17) into (3.18), then

E [)LTM exp (= vy, )1 -6v)+6exp (-vA,,) - (1-6v ) g (jz) )
cexp (- vin,) + pexp (- vis,) (10| 19)

= E{)LT,. exp (—vhg,) - 1‘% gz;) exp (- v)LTM)}.

When the process A; is stationary, A, and A have the same distribution whose Laplace
transform we denote by H (v) = E(e ). Therefore from (3.19), we have

—(1-6v)H'(») - (1 - 6v) g_ f() Ty HO) + [6+p(1- 30N HO) = ~H'() - %H(v).
(3.20)
Divide both sides of (3.20) by 6v, then we have
H'(v) + fj,—(;L)H(v) + {% + gl _f(”) }H(v) - 0. (3.21)
Solving (3.21), subject to
H(0) =1 (3.22)

then the Laplace transform of a distribution of the shot noise process at claim times is given

by
H(v) = K(l_Tg(”)) exp { - gf:é(u)du}, (3.23)

where K is a constant. Therefore from (3.22), K =1/p; and

H(v) = :11 g(v) exp { jG(u } ( ) exp{ pj G(u)du} (3.24)

O

Equation (3.24) provides us with an interesting result. The distribution defined by the
Laplace transform (3.24) (and (3.13)) is the same as the distribution of two random variables;
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one having the stationary distribution of \; (see Corollary 2.4) and the other having density
G(y)/pu1, where G(y) = 1-G(y). Comparing it with the distribution of the shot noise process,
A; at any times, we can easily find that

%-exp { - g :é(u)du} > exp { - gf:é(u)du}. (3.25)

It is therefore the case that A, is stochastically larger than ;. In other words, the intensity at
claim times is higher than the intensity at any times.

Now let us derive the distribution of the interval of a Cox process with shot noise
intensity for insurance claims using Theorem 3.2.

Corollary 3.3. Assume that 0 is the time at which a claim of Ny has occurred and the stationary of
At has been achieved. Then the tail of the distribution of the interval of a Cox process with shot noise
intensity is given by

Pr(r>t) = é(l/(‘i _/511/6)6&) exp { - gf;é(é - ée“ss)ds}. (3.26)

Proof. From (2.16), the probability generating function of N; is given by

E(ON | Ao) = exp { - %(1 - e_ét)lo} exp [— pf; [1 - g{ %(1 - e7%) }] ds]. (3.27)

Set 0 = 0in (3.27) and take expectation, then the tail of the distribution of 7 is given by

Pr(r >t) =exp [— pf;{l - §<1 _6665) }ds] E [exp { - (1_6—6_&)10}]. (3.28)

Substitute (3.13) into (3.28), then the result follows immediately as O is the time at which a
claim has occurred and .\; is stationary. O

Corollary 3.4. The expectation and variance of the interval between claims are given by

E(7) = Jj Pr(r > t)dt = ‘uf_p’ (3.29)

oo P oy 83 Lol (5

(3.30)
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Proof. Integrate (3.26), then (3.29) follows. (3.30) is obtained from

E(T?) = f:tzf(t)dt = Zf:o [ué(l/(s ~(1/8)e™) exp { - gf:é(% - ée_55>ds}] du.

H1
(3.31)
O

An interesting result we can find from (3.29) and (2.21) is that the expected interval
between claims is the inverse of the expected number of claims, where the number of claims
follows a Cox process with shot noise intensity, which is also the case for a Poisson process.

4. Conclusion

We started with deriving the probability generating function of a Cox process with shot noise
intensity, employing piecewise deterministic Markov processes theory. It was necessary to
obtain the distribution of the shot noise process at claim times as it is not the same as the
distribution of the shot noise process at any times. Assuming that the shot noise process
is stationary, we derived the distribution of the interval of a Cox process with shot noise
intensity for insurance claims and its moments from its probability generating function. The
result of this paper can be used or easily modified in computer science/telecommunications
modeling, electrical engineering, and queueing theory as an alternative counting process to a
Poisson process.

Appendix

This appendix explains the basic definition of a piecewise deterministic Markov process
(PDMP) that is adopted from [20]. A detailed discussion can also be found in [18, 24].

PDMP is a Markov process X; with two components (1, &), where 7; takes values in
a discrete set K and given 7y = n € K, ¢; takes values in an open set M,, C R4 for some
function d : K — N. The state space of X; isequal to E = {(n,z) : n € K,z € M,,}. We further
assume that for every point x = (n,z) € E, there is a unique, deterministic integral curve
¢n(t, z) C M, determined by a differential operator y, on R4, such that z € ¢, (¢, z). If for
some ty € R*, Xy, = (no,20) € E, then &, where t > t; follows ¢y, (t, zo) until either t = T,
some random time with hazard rate of function p or until & = 0M,,, the boundary of M,,. In
both cases, the process X; jumps, according to a Markov transition measure Q on E, to a point
(n1,z1) € E. & again follows the deterministic path ¢,, till a random time T; (independent
of Tp) or till & = OM,,, and so forth. The jump times T; are assumed to satisfy the following
condition:

V>0, E<ZI(Ti < t)) < oo. (A1)

The stochastic calculus that will enable us to analyse various models rests on the notion
of (extended) generator A of X;. Let I' denotes the set of boundary points of E, I' = {(n, z) :
n € K,z € 0M,}, and let A be an operator acting on measurable functions f : EUI =R
satisfying the following.

(i) The function t— f(n, ¢,(t,z)) is absolutely continuous for t € [0,t(n,z)] for all
(n,z) € E.
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(ii) Forallx €T, f(x) = fEf(y)Q(x; dy) (boundary condition).
(iii) For allt > 0, E{ X 1.|f (XT;) = f(X1,.)|} < 0.

Hence, the set of measurable functions satisfying (i), (ii), and (iii) form a subset of
the domain of the extended generator A, denoted by D(A). Now, for piecewise deterministic
Markov processes, we can explicitly calculate A by [18, Theorem 5.5]

VfeD(A): Af(x) = yf(x) + p(x)fE{ﬂy) ~f(x))Qx: dy). (A2)

In some cases, it is important to have time t as an explicit component of the PDMP. In those
cases A can be decomposed as 9/0t + A, where A; is given by (A.2) with possibly time-
dependent coefficients.

An application of Dynkin’s formula provides us with the following important result
(martingales will always be with respect to the natural filtration o {X, : s < t}).

(a) If for all t, f(-,t) belongs to the domain of A; and (0/0t) f(x,t) + A¢f(x,t) =0, then
process f(X;, t) is a martingale.

(b) If f belongs to the domain of A and Af(x) =0, then f(X;) is a martingale.

The generator of the process X; acting on a function f(X;) belonging to its domain as
described above is also given by

E{f(Xin) | Xi = x} - f(Xi)
h

Af(X,) =lim : (A3)

In other words, Af(X;) is the expected increment of the process X; between t and t + h,
given the history of X; at time ¢. From this interpretation the following inversion formula is
plausible, that is,

B 1X= 2] - £(%) = [ EAF(x) s (A4)

which is Dynkin’s formula.

References

[1] H. Cramér, On the Mathematical Theory of Risk, Skandia Jubilee Volume, Stockholm, Sweden, 1930.

[2] D.R. Cox and P. A. W. Lewis, The Statistical Analysis of Series of Events, Methuen, London, UK, 1966.

[3] H. Buhlmann, Mathematical Methods in Risk Theory, Die Grundlehren der Mathematischen Wis-
senschaften, Band 172, Springer, New York, NY, USA, 1970.

[4] E. Cinlar, Introduction to Stochastic Processes, Prentice-Hall, Englewood Cliffs, NJ, USA, 1975.

[5] H. U. Gerber, An Introduction to Mathematical Risk Theory, vol. 8 of S.S. Heubner Foundation Monograph
Series, S. S. Huebner Foundation for Insurance Education, Philadelphia, Pa, USA, 1979.

[6] J. Medhi, Stochastic Processes, Wiley Eastern Limited, New York, NY, USA, 1982.

[7] H. L. Seal, “The Poisson process: its failure in risk theory,” Insurance: Mathematics and Economics, vol.
2, no. 4, pp. 287-288, 1983.

[8] R. E. Beard, T. Pentikdinen, and E. Pesonen, Risk Theory. The Stochastic Basis of Insurance, Chapman &
Hall, London, UK, 3rd edition, 1984.



14 Journal of Applied Mathematics and Stochastic Analysis

[9] D. R. Cox, “Some statistical methods connected with series of events,” Journal of the Royal Statistical
Society. Series B, vol. 17, no. 2, pp. 129-164, 1955.

[10] M. S. Bartlett, “The spectral analysis of point processes,” Journal of the Royal Statistical Society. Series B,
vol. 25, pp. 264-296, 1963.

[11] R. E. Serfozo, “Conditional Poisson processes,” Journal of Applied Probability, vol. 9, pp. 288-302, 1972.

[12] J. Grandell, Doubly Stochastic Poisson Processes, vol. 529 of Lecture Notes in Mathematics, Springer, Berlin,
Germany, 1976.

[13] J. Grandell, Aspects of Risk Theory, Springer Series in Statistics: Probability and Its Applications,
Springer, New York, NY, USA, 1991.

[14] J. Grandell, Mixed Poisson Processes, vol. 77 of Monographs on Statistics and Applied Probability, Chapman
& Hall, London, UK, 1997.

[15] P. Brémaud, Point Processes and Queues. Martingale Dynamics, Springer Series in Statistics, Springer,
New York, NY, USA, 1981.

[16] V. E. Bening and V. Yu. Korolev, Generalized Poisson Models and Their Applications in Insurance and
Finance, VSP, Utrecht, The Netherlands, 2002.

[17] A.Dassios and ]J.Jang, “Pricing of catastrophe reinsurance and derivatives using the Cox process with
shot noise intensity,” Finance and Stochastics, vol. 7, no. 1, pp. 73-95, 2003.

[18] M. H. A. Davis, “Piecewise-deterministic Markov processes: a general class of nondiffusion stochastic
models,” Journal of the Royal Statistical Society. Series B, vol. 46, no. 3, pp. 353-388, 1984.

[19] A. Dassios, Insurance, storage and point process: an approach via piecewise deterministic Markov processes,
Ph. D Thesis, Imperial College, London, UK, 1987.

[20] A.Dassios and P. Embrechts, “Martingales and insurance risk,” Communications in Statistics. Stochastic
Models, vol. 5, no. 2, pp. 181-217, 1989.

[21] J. Jang, Doubly stochastic point processes in reinsurance and the pricing of catastrophe insurance derivatives,
Ph. D Thesis, The London School of Economics and Political Science, London , UK, 1998.

[22] ]. Jang, “Martingale approach for moments of discounted aggregate claims,” The Journal of Risk and
Insurance, vol. 71, no. 2, pp. 201-211, 2004.

[23] J. Jang, “Jump diffusion processes and their applications in insurance and finance,” Insurance:
Mathematics and Economics, vol. 41, no. 1, pp. 62-70, 2007.

[24] T. Rolski, H. Schmidli, V. Schmidt, and J. Teugels, Stochastic Processes for Insurance and Finance, Wiley
Series in Probability and Statistics, John Wiley & Sons, Chichester, UK, 1999.

[25] J.Jang and Y. Krvavych, “Arbitrage-free premium calculation for extreme losses using the shot noise
process and the Esscher transform,” Insurance: Mathematics and Economics, vol. 35, no. 1, pp. 97-111,
2004.

[26] D.R. Coxand V. Isham, Point Processes, Monographs on Applied Probability and Statistics, Chapman
& Hall, London, UK, 1980.

[27] D. R. Cox and V. Isham, “The virtual waiting-time and related processes,” Advances in Applied
Probability, vol. 18, no. 2, pp. 558-573, 1986.

[28] C. Kluppelberg and T. Mikosch, “Explosive Poisson shot noise processes with applications to risk
reserves,” Bernoulli, vol. 1, no. 1-2, pp. 125-147, 1995.



