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to the so-called thinning-dependence structure. We examine basic properties of the
proposed risk process and study upper bounds for the ruin probability under certain
assumptions. We also investigate the impact of the thinning-dependence structure as

well as that of the classification of the stochastic sources on the ruin probability.

Keywords: Correlated aggregate claims; Lundberg exponent; Ruin probability; Stochas-

tic sources; Thinning-dependence structure

* Corresponding author: Tel: (852) 2859-1915; Fax: (852) 2858-9041; e-mail: kcyuen@hku.hk
Classification code: 0167-6687



1. Introduction

In recent years, the study of risk processes with correlated classes of business has been
one of main topics in the actuarial literature. A frequently-used approach to modelling
dependent classes of business is to assume that there exists a common component in
each of the associated claim-number processes. This assumption leads to the so-called
risk model with common shock which has been studied by many authors, for example,
see Ambagaspitiya (1998, 1999, 2003), Cossette and Marceau (2000), Wang (1998),
and Yuen, Guo and Wu (2002). Another one proposed by Yuen and Wang (2002) is
the continuous-time risk model with thinning dependence in which claims in one class
may induce claims in other classes with certain probabilities. A typical example is
that a severe car accident may cause not only the loss of the damaged car but also the
medical expenses of the injured driver and passengers. Motivated by the work of Yuen
and Wang (2002), Wu and Yuen (2003) studied the thinning relation in the discrete-
time case. In this paper, we further investigate the thinning-dependence structure in

a more general framework.

Suppose that an insurance company has n (n > 2) dependent classes of business.
Stochastic sources that may cause a claim in at least one of the n classes are classified
into m groups. It is assumed that each event occurred at time ¢ in the kth group
may cause a claim in the jth class with probability py;(t) for £k = 1,2,...,m and
j=1,2,...,n, and that for each j, there exists at least some k such that py;(t) > 0.

Denote by N*(t) the number of events from the kth group occurred up to time ¢. Let



N Jk (t) be the number of claims of the jth class up to time ¢ generated from the events
in group k, and Xi(j ) be the amount of the ith claim in the gth class. Then, the total

amount of claims for the jth class up to time ¢ can be expressed as
N;(t)
Sty =3 x9
i=1
where Nj(t) = Nj(t) + N2(t) + --- 4+ Nj*(t) is the claim-number process of the jth

class. Therefore, the aggregate claims process of the company is given by

S =250 =3 3 XV (1)

where {Xi(j); i=1,2,---} is assumed to be a sequence of an i.i.d. non-negative random
variables with common distribution Fj for each j. As usual, we assume that the n
sequences {XZ»(l); i=1,2,--},..., {X-(n); i =1,2,---} are mutually independent and
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are independent of all claim-number processes.

Write u as the initial capital and ¢ as the constant rate of premium. Then, the surplus

process of the insurance company is defined as
n Nj(t) .
Rit)=u+ct—S{t)=u+ct—> ZXi(]) . (1.2)
j=1 i=1

In order to make the analysis of R(t) mathematically tractable, we need the following

assumptions:

(A1) The processes N'(t),..., N™(t) are independent Poisson processes with parame-
ters Ai, . . ., Am, respectively, and (N*(t), NE(t), ..., NE(t)) and (N¥ (t), NF (1), ...,

N¥(t)) are independent for k # k';

n



A2) For each k (k=1,...,m), NF(t),..., N¥(t) are conditionally independent given
1 n

NE(1).

Note that Assumptions (A1) and (A2) hold true if N*(¢),..., N™(t) are independent
Poisson processes and, for each pair of (k,j)(k=1,---,m,7 = 1,---,n), whether the
process of any event in N*(¢) giving rise to a claim in the jth class or not is independent

of all other events.

Assume that py;(0F) = lim, py;(s) exists for all k and j. Define gy,;(t) =t~ [3 pi;(s)ds
with the convention that gx;(0) = px;(07). Then under (A1) and (A2), an application
of Proposition 2.3.2 of Ross (1996) gives that Nf(t) is a non-homogeneous Poisson

process with E[NJ(t)] = Apqe;(t)t for k=1,...,mand j =1,...,n.

Risk model (1.2) not only possesses the thinning-dependence structure but also em-
braces the risk model with common shock. It can be shown that (1.2) follows a com-
pound Poisson risk model under certain assumptions (see Section 2). Another advan-
tage of the risk model is that its structure and dependence can be used to investigate
how less knowledge of detailed information that may give rise to claims impacts on the
risk of the insurer (see Section 5, 6). In light of these nice features, we study various
aspects of the proposed model in this paper. Section 2 derives some properties of (1.2).
Some upper bounds for ruin probability are given in Section 3. Section 4 examines the
impact of dependence on the ruin probability while Section 5 investigates how the clas-
sification of the stochastic sources affects the ruin probability. An numerical example

is presented in Section 6.



2. Properties of the risk model

We first compute Elexp{rS(¢)}|, the moment generating function of S(t), for any

fixed t > 0. For ng; <mny (k=1,...,m,j=1,---,n), we obtain from Assumptions

(A1) and (A2)

P(N*(t) =ng, NF(t) =mniy; k=1,....m, j=1,...,n)
= ’ﬁlP(N’“(t) =ng, NF(t) =ngy; j=1,...,n)
= TL PN 0) = m)PVAO) = i nIN(E) = )
_ kﬁl (GXP{‘ASZ!}(M)% ﬁl P(Nis(£) = g | N5 (1) = nk)) @

Following the proof of Proposition 2.3.2 of Ross (1996, pp.69), we obtain

PN} (t) = mgg I N*(8) = ni) = O qiey” (£) (1 = qu ()™ 7™ (2.2)

J

Assuming the existence of Elexp{rS(t)}], it follows from (2.1), (2.2), (A1) and (A2)

that
n N;(t)
Elexp{rS(t)}] = E|epiry. Y xY
j=1 k=1
el ni Nm n nijtngitnmg '
= > oo > E lexp{r) > X,g])
ni,...,nm=0n11,...,n1,=0 Nm1,--,Nmn=0 Jj=1 k=1

x P(N*(t) = ng, N’-‘:(t):nkj; k=1,....m, j=1,...,n)

o0 ni Nm n
-y DS (H Mj(r)nlﬁnzﬁ---mmj)
MN1yeey nm=0n11,..., Nin= Mm1,--s Nmn=0 \j=1
T [ exp{—Apt F( Mgt s T S
x 11 ( = nkv}( - HC kg’ (8)(1 — quy ()™ ’“’) :
k=1 : j=1



where M,(r) = E[exp{er(j)}] for j =1,...,n. Since

H Mj(r)n1j+n2j+~~~+n7nj — H <H nk])
Jj=1 =1

the moment generating function becomes

o

sty = §(f e

|
k1 ng-

(Z TS (ﬁﬁcnk s (OM ()™

..... nln:O nml,...,nmn:O k 1] 1

pewiso) = > (1175 A’“W’“”Mﬁ( > (ca (as050)™

|
k=1 n j=1 \ng;=0

-

_ i (ﬁ(exp{ it F(Agt)"™

X H (i ()M (r) +1 = qu (¢ ))nk>>
(R i1 )

=1 \ng=0 nk'
= e {3 T O050) +1- a9(0) 1)}

(2.3)
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t
Fort > s > 0, put gx;(s,t) = (t — s)_l/ Pr;(s)ds. Similar to the derivation of (2.3),



one can verify that

Elexp{r[S(t) — S(s)]}] = exp{(t— s kfjlxk<ﬁ (quj (s, Y(M;(r) = 1) +1) = 1)}

J=1

L exp{(t —s)g(r, s, t)} . (2.4)

The following lemma gives an exponential martingale.

Lemma 2.1. Fort >0, let

exp{—rR(t)}

Mu(t) = eXp{_cTt + tg(ﬂ t)}

and  Fy=0(R(s),s <t).

Assume that at least n — 1 functions of pmi(s), pm2(S), ..., Pmn(s) are constants for

each m > 1. Then, {M,(t),t > 0} is an F;-martingale.

Proof: By definitions and the assumptions of independence we see that risk process
(1.2) has independent increments. Under the assumptions of the lemma we have (¢ —
s)g(r,s,t) =tg(r,t) — sg(r,s). This, together with (2.3) and (2.4), proves the lemma.

|

We now derive moments for the claim-numbers and the aggregate claims. Since N f(t)

is a non homogeneous Poisson process with intensity \gp;(t), we have
Var (NF(t)) = Aear (D)t > 0,

fory=1,--- ,n,k=1,---,m, and a fixed ¢ > 0. Furthermore, for any fixed t > 0, we

have the following results. Applying (2.2) one obtains that

Cov (Nf(t), NF(1)) = Megi(t)aw; (1)t £ > 0,
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for1<i# j<nand k=1,---,m. Thus, we have
Cov(N;(t), N;(t))

= Cov <2Nk f: )

= Y Megri(t)ar ()t (2.5)
for 1 <i# j<n,and k=1,---,m. Denote by p,; and O'JQ» the mean and the variance

of the distribution F}, respectively. Using the above results, one can derive from the

the independence assumptions that

Cov (Si(8). (1)) = pap;Cov(Ni(t), Ny(t))

Hhifb Z MeQri()qr; (t)t, t >0,
k=1

for 1 <i# j<n,and k=1,---,m. Note that S;(¢) is a compound Poisson variable

with parameter Y /%, A\jpy; ()¢, it is easy to see that

Var (S;(t)) = (12 + 03) E[N;(t)] = (43 + 03) Z A ()E, > 0.

The following example shows that (1.2) follows a compound Poisson risk model under

certain assumptions.

Example 2.1. We consider a special case of (1.2) in which all the functions py;(s)
are constants, that is, py;(s) = px; forall j=1,---,nand k = 1,---,m. In this case,

qx;(t) = pij, and hence (2.3) becomes

Elexp{rS(t)}] = exp {t fj )\k< ﬁ (PrsM;(r) + 1= pij) — 1) }

k=1 j=1



£ exp{tg(r)} | (2.6

which implies that S(t) is a compound Poisson process with intensity
j=1 j=1
For n =2 and m = 3,

N} O+ NFO+ND (@) N3O+ N3 (1) +N3 (1)
S(t) = xW 4 x®
=1 =1

is a compound Poisson process with the intensity A and the distribution function G

given by
A= M1 =0 =p1)(1 —p12)) + A1 = (1 = par)(1 — pa)) +
A3(1— (1 —p31)(1 — p32))
= Ai(p11 + p12 — pup12) + Aa(pa1 + Po2 — pParpes) +
A3(ps1 + P32 — Pa1ps2) (2.7)
and
Glz) — Apri(1 — pia2) + )\2]921({\— P22) + Aspsi(1 — pa2) Fi(z)
A 1-— + A 1-— + A 1—
i 1]912( pn) 21722()\ P21) 3P32( P31)F2($)
A A A
n 1P11P12 + AoP21P22 + A3zP31P32 Fix Fz) (2.8)

A

where I} x F, indicates the convolution of F; and F5.

Remark 2.1. Risk process (1.2) is more general than the ones proposed by Cossette

and Marceau (2000) and by Yuen and Wang (2002). If m = n and pg = 1 for

9



k = 1,...,n, then R(t) of (1.2) is the risk model of Yuen and Wang (2001) with
the so-called “thinning-dependence structure”. If n = 2, m = 3, p1s = pay = 0,
P31 = P32 = 1, p11 = pao = 1, then R(t) of (1.2) is the risk model with common shock
for two dependent classes of business discussed in Cossette and Marceau (2000). Note

that more general risk models with common shock for n > 2 are still special cases of

(1.2).
3. Some bounds for ruin probability

Let h;(r) = M;(r) — 1 for i = 1,---,n. Then h;(0) = 0 and h;(r) > 0 for r > 0.
Assume that there exists r., > 0 for i = 1,---,n such that lim,_,;_ h;(r) = co. We

allow for the possibility that r’, = co. Define ro, = min{rl,, ..., r}.

The ruin probability of risk process (1.2) is defined as ¥p(u) = P(inf;>o R(t) < 0).
As usual, we assume that E[R(t)] > 0 for all ¢ > 0 so that we have Vp(u) < 1 for
u > 0. Since Nj(t) and N*(t) are either homogeneous or non-homogeneous Poisson
processes, we may assume without loss of generality that the filtration {F;,¢ > 0}
is right continuous. Under the assumptions of Lemma 2.1, we follow the martingale

approach of Gerber (1973) and Grandell (1991, pp.92-95) to obtain
Up(u) < Qy —e)e 07, (3.1)

where Q(r) = sup,q exp{g(r,t)—rc}, v = sup{r : Q(r) < oo} and € > 0 is an arbitrary

number such that 0 < e < v < r..

If all py;(s) are non-decreasing functions of s, then g(r,t) < g(r,00). In this case, we

10



have exp{g(r,t) — rc} < exp{g(r,o0) — rc}. Denote by 7., the unique positive root of

the equation g(r,00) — rc¢ = 0. Similar to (3.1), the assumption of Lemma 2.1 gives
Up(u) <e 7=t (3.2)

On the other hand, if all py;(s) are non-increasing functions of s, then g(r,t) < g(r,0).
Thus, we have exp{g(r,t) — rc} < exp{g(r,0) — rc}. Write the unique positive root of

the equation g(r,0) — rc¢ = 0 as 7p. Similarly, we have
Up(u) <e 0%, (3.3)

under the assumptions of Lemma 2.1. Along the same line, if all py;(s) are invariant

with respect to s > 0, we have
Up(u) <e F7v (3.4)

where RP denotes the unique positive solution of the equation g(r) — cr = 0.

Remark 3.1: We may call 7, 7o 7o and R” the Lundberg exponents. In general, it
is hard to determine the explicit value, but is probably easy to determine that of g,

Yoo and RP.

4. Dependence and Lundberg exponent

In this section, we study how the dependence among the claim number processes in
(1.2) influences on the ruin probability.
For simplicity, we assume from now on that all py;(s) are constants, that is, pi;(s) = py;
fork=1,---,mand j =1,---,n. Let Ny(t)*,..., N,(t)* represent the independent

11



version of Ni(t),..., N,(t). That is, (i) Ni(t)*,..., N,(t)* are mutually independent,
and (ii) Ny(t)* and N;(t) are identically distributed for each i. It is obvious that

Si(t)*t = ZkNi(t)l X,gi) fori=1,...,n. Put

Silt) = > Si(t)* (4.1)

and

R[(t) =u-+ct— S[(t) . (42)

So, R;(t) represents the surplus of an insurer with n independent lines of business at
time ¢. Furthermore, R(t) of (1.2) and R;(t) of (4.2) have the same expected aggregate

loss.

The ruin probability of the risk model (4.2) is defined as U(u) = P(inf;>o R;(t) < 0).

Again, it is assume that ¢ — >0 | >0 | i \epri > 0 so that Wy(u) < 1 for u > 0. Define

g1(r) = En: (g% Ak}?kﬁj(ﬂ) = kf:l Ak (;n:lpkjhj(f)> :

Then, for any fixed ¢, the moment generating function of S;(t) of (4.1) is given by

Elexp{rSi(t)}] = exp{tgr(r)} . (4.3)

Note that g;(r) and g(r) are both finite and convex on (0,7+) and that both g;(r)
and ¢(r) tend to oo as r | 7. These imply that the two equations, cr = g(r)
and cr = g¢;(r), have unique positive roots, RP and R!, respectively.We call these
roots the Lundberg exponents. Using R” and R’, We have ¥;(u) < exp{—R'u} and

Up(u) < exp{—R"u}.

12



Proposition 4.1. Let u > 0, we have
RP < R'. (4.4)

If there exist i and j with i # j such that pgpy; > 0, then the strict inequality in (4.4)

holds true.

Proof: It is obvious that

ipkj ﬁ (prjhj(r) +1) — 1, (4.5)

for k=1,...,m and r > 0,which implies that

Ak (jé%%(?“))

Ak(ﬁ prihi(r) +1) — 1) =g(r) . (4.6)

gr(r) = ,i:
<y

Therefore, g(r) will meet cr before g;(r). It follows that RP < RI. If there exist i and
J with i # j such that pg;pg; > 0, then the strict inequalities in (4.5) and (4.6) hold

true for r > 0. Hence, RP < R’ 0

Remark 4.1: The assumption that py;pr; > 0 indicates that risk process (1.2) contains
correlated classes of business. Proposition 4.1 also states that the Lundberg exponent

related to the model with independent classes is larger than that with correlated classes.

The finite-time ruin probabilities W;(u,t) and Wp(u,t) are defined by V;(u,t) =
P( infogsgt R[(S) < O) and \I/D(U,t) = P( infogsgt R(S) < O) Put f](?“) =T —- yg;(r) +

yrc and fp(r) =r —yg(r) + yrc. The finite-time Lundberg exponents RZI/ and Rf are

13



defined by R} = sup,sp: fi(r) and R} = sup,>zo fo(r). By (2) of Grandell (1991,

p.136) we have that W;(u,yu) < exp{—RJu} and Wp(u,yu) < exp{—R]u}.

Proposition 4.2. Assume that there exist i and j with i # j such that pgpx; > 0 for

some k, then R < R}

Proof: Under the assumption of the proposition, the strict inequality in (4.6) holds.

It follows that

Ifo(r) < fi(r), 0<r<re. (4.7)

By Proposition 4.1, we have RP < R!. It is obvious that

B2 —wx{ s fol0),sup ()} (4.9

RDP<r<R! r>RI

From (4.7), we get

R} > sup fp(r) .

r>RI
Since
fi(r)>r> fp(r), R <r<R", (4.9)
we obtain
sup  fp(r) < fi(R") =R' < R; : (4.10)

RD<r<RI!

By (4.8)-(4.10), we have R} < R]. Note that fp(r) is concave and tends to —oo
as r — 00. By the continuity of fp(r) we conclude that there exists ry such that

RP < ry < ry and Rf = fp(ro). If ro < R!, we see from (4.9) and (4.10) that

R} > R"> fp(ro) = R} . (4.11)

14



On the other hand, if ry > R!, then it follow from (4.7) that
Ry > fi(ro) > fo(ro) = R, . (4.12)

Hence, (4.11) and (4.12) yield R” < R, O
5. Classification of the stochastic sources

It is obvious that the degree of dependence among the claim number processes not
only depends on the value py; but also the classification of the stochastic sources. Hence,
an unrealistic classification of the stochastic sources may lead one to overestimate or
to underestimate the underlying risks. In view of this, it is instructive to study the

impact of misclassification of the stochastic sources on the ruin probability.

Assume that the correct classification for an insurance company should involve m
groups of stochastic sources. Suppose that the company misclassified the sources into
[ groups only with [ < m. In this section, we investigate how such a misgrouping
influences on the Lundberg exponent. For notational convenience, we rewrite R(t),
S(t), g(r), Yp(u), Si(t) and R” defined in the previous sections as R™(t), S™(t),
g™ (r), \Pgn)(u), Si(m) (t) and Rg”) respectively, to indicate that the full model consists

of m groups of stochastic sources.

We now consider the first simplified model in which the last m — [ + 1 groups are

treated as a single group. Thus, the number of groups is reduced from m to [. We

15



write the surplus process of the first simplified model as

n N
ROt =utct—3 3 X Lu+tet— S0,
i=1 k=1
where N (&) = N (t) +- -+ N7 (8) + N (t) and NI (¢) is the p/-thinning of NU(¢) =
NYt) +---+ N™(t) for i = 1,...,n. Apparently, Nl(¢) is a Poisson process with
parameter Al = \; + .- 4+ \,,. Then, similar to g™ (r), \I/%n) (u), S(m)(t) and Rgn)

(2

we have ¢ (r), o) (u), S ® (t) and RY for the simplified model. To make the com-

parison be fair, we let p; = S0, Meprs/AY for ¢ = 1,---,n. Thus, Ni(l)(t)(Si(l)(t))
and N™ (4)(S"™(t)) are identically distributed for i =1, ---,n, and hence RV(t) and

R (t) have the same expected aggregate loss.

It is easy to show that

Elexp{rsV(t)}] = exp{tg"(r)}

- gt

+)\[’[i (plh()—i—l)—l]]}. (5.1)
From (2.6) and (5.1), we get
AG) 2 g™(0) = g00) = ST (o) + 1) = NI TL G, ) +1) - (52)

Thus, using (5.1) and (5.2) and following the steps in the proofs of Proposition 4.1, we

obtain

Proposition 5.1. For 0 <r < ry, A(r) < (=,>)0, implies that R%) < (=, >)R([§n).

16



From (5.2), we have the following lemma in which sufficient conditions for A(r) =0

are given.

Lemma 5.1. Let iy,...,i,—1 be n — 1 different numbers in {1,...,n}. Assume that

Pri, = Di, for L <k <m and1<q<n—1. Then, A(r) =0 for 0 <7 < rug.

When n = 2, we have

Alr) = { i AkPk1Pr2 — )\1[” 1:[ (i Akij) }h1(7“)h2(r)

k=l k=l

Alhl (T’)hg (7”) y

from which we see that A(r) = 0 for 0 < r < ry if and only if A; = 0. Moreover, if

P =" = Pm1 OF Pio = - = Pma, then A; = 0. Thus, we have R = R(™),

We next consider the second simplified model. Suppose that two disjoint subsets of
the m groups were treated as two individual groups. One of them consists of ¢ of the
original m groups while the other comprises ¢’ of the remaining m — ¢ groups. It is
obvious that ¢ + ¢’ < m and that the second simplified model classifies the stochastic
sources into m — ¢ — ¢’ + 2 groups only. In this situation, there exist ¢ + ¢’ different
numbers 4y, ... .44 l1,...,lp € {1,...,m} such that N(t) = N(t) 4 --- + Nia(¢t),
NW¥l(t) = NU(t) 4+ --- + N'(t) are two Poisson processes with parameters (@ =
Aip +--- 4+ A, and ) = A, -+ )xlq,, respectively, and that

P )
n Ni(m q q+2)(t)

RM=4=42 () =y + ct — > > X,gi) Lo+ et — ST (g (5.3)
i=1 k=1
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where

NI = X N+ N+ N,

1<k<m, k¢A
N (t)(Ni[qq (1)) is the p!?” (pl(q/))—thinning of N(t)(Nl(t)), and A = A, U A, with
Ag = {ir,... ig} and Ay = {l1,...,ly}. Parallel to g¥(r), U9 (u), S(t) and RY) in
the first simplified model, we have g(m=4=4+2)(y), \I/gn_q_q/JrQ)(u), Si(m_q_qlm) (t) and

RUP7IH for (5.3).

Again, to perform fair comparison, we set

PO _ TheA NP ) Zkeay APk
’ @) ’ @)

Therefore, Ni(m_q_q/H) (1) (S(m_q_q/ﬁ) (t)) of the second simplified model and N™(¢)(S"(¢))

of the full model are identically distributed for i = 1,---,n. Hence, R™(t) and
R(M=a=4'+2)(t) have the same expected aggregate loss. Similar to (2.6) we have

Elexp {rSm=a-a+2(4)}] = exp{tl 3 Ak[ﬁ(pkjhj(?“)—l—l)—l]

<m,k¢ 7=1

el

1=

om0

exp {tg" =TI (1)} (5.4)

—_

From (2.6) and (5.4), we obtain

A(r) & g"™(r) = g (r)

= S IT (s A TT (G9h,() + 1)

keA  j=1 j=1
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— @) ﬁ P\ hi(r) + 1) . (5.5)

j=1
In line with Proposition 51. and Lemma 5.1, one can verify the following results.

Proposition 5.2. For 0 < r < re, A'(r) < (=, >)0 implies that R\ < (=, >

IRy,

Lemma 5.2. Assume that py; = p; for k € A, and py; = p? forke Ay, j=1,--- n.

Then A'(r) =0 for 0 <r < re.

Forn=2 m=4, A, ={1,2} and Ay = {3,4}.it can be shown that

N =490 - ) = { [z .

= AL+ A o

k
+ [Z AkDk1Pk2 — " i Y 11 (Z Akpkj)] }hl(r)hQ(T)

k=3
é Aghl(r)hg(r) .
Thus, Ay = 0 implies that A’(r) = 0 for 0 < r < ro. Under one of the following four

conditions, (1) P11 = p21 and ps; = pai, (ii) P11 = P21 and psa = Pao, (iii) P12 = P22 and

P31 = pa1, (V) p1a = poo and pss = pya, we have Ay = 0, and therefore Rg) = R(D4).
6. Numerical example

In this section, we present a numerical example with m = n = 2 which is a special
case of the two simplified model discussed in the previous section. In the example,
we set [ = 1 for the first simplified model of Section 5 and ¢ = ¢’ = 1 for the second

simplified model of Section 5. Note that the surplus process of the first simplified
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model is RV (t) and that R®)(¢) of the second simplified model and R(t) of the full

model are the same surplus process.

Define

C— Y21 1y Yt MeDrj
S Yy AkDrj

6=

where 6 is known as the relative security loading (see (1.1) of Gerber (1979, pp.111)).
Here, the claim-amount random variables Xz-(l) and XZ@) are exponentially distributed
with means p1 = 4 and py = 2, respectively. Also, we set A\ = 4, Ay =7, p11 = 0.8,
pi2 = 0.3, py = 0.2 and pyy = 0.6. Therefore, A1 = X\ + Xy = 11, p} = (Aip11 +
Aopo1) /A = 4.6/11 and ph = (M\ip12 + Aepao)/AM = 5.4/11. Furthermore, from (2.5),
we compute the correlation coefficients

pr(N1(t)*", Nao(t)F) =0,

@ (o 1)) — AD ! pra _

p (N (1), Ny (1)) () () 0.453089

and

P (NP (1), N (1) = Lim MP1PL — 0.361158.

(0 2w ) (S0, Am))
Let # = 0.1 so that ¢ = 32.12. Since R;(t), RW(t) and R®(t) are all compound

Poisson risk models with claim amount distributions being mixtures of exponential
distributions, one can follow Gerber (1979) to obtain explicit expressions for ruin
probabilities W;(u), ¥ (u) and W@ (u). The numerical values of W;(u), ¥™M(u) and
U (u) for various values of u are shown in table 1. From the table, we see that
UM (u) > U@ (y) > Wy(u) for all w > 0 and that the impact of the dependence
among the claim number processes on the ruin probability is prominent. The last

three columns indicates that the ratios get larger as u increases. In this example,
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R®)(t) is the surplus process of the full model. It is clear that the use of RM(t) overes-
timates the underlying risk while the use of R;(¢) underestimates the underlying risk.

Hence, correct classification of the stochastic sources is an important issue in model

(1.2)
Table 1
w | () v@w) | e [l | IRl e
10 0.688368 0.781291 0.711868 1.143 | 1.042 | 1.098
30 0.393031 0.489395 0.439163 1.245 1.117 | 1.114
50 0.266092 0.306469 0.270937 1.356 1.198 | 1.131
100 0.056745 0.095105 0.080998 1.676 1.427 | 1.174
150 0.014242 0.029513 0.024215 2.072 1.700 | 1.219
200 0.003524 0.009159 0.007239 2.562 | 2.025 | 1.265
250 0.000897 0.002824 0.002164 3.168 | 2.412 | 1.313
300 0.000225 0.000882 0.000647 3.917 | 2.873 | 1.363
350 0.000056 0.000274 0.000193 4.843 | 3.423 | 1.451
400 0.000014 0.000085 0.000057 5.988 | 4.077 | 1.469
450 | 3.56 x 1076 0.000026 0.000017 7.404 | 4.856 | 1.525
500 | 8.94 x 1077 [ 8.18 x 1076 | 5.17 x 1079 | 9.155 | 5.784 | 1.583
550 | 2.24 x 1077 [ 254 x 1076 | 1.55 x 1076 | 11.319 | 6.890 | 1.643
600 | 5.63 x 1078 | 7.88 x 1077 | 4.02 x 107 | 13.996 | 8.206 | 1.706
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