2013 International Conference on Advances in Social Science, Humanities, and Management (ASSHM 2013)

Precise large deviation of claim surplus
process in a nonstandard renewal

risk model with constant premium rate

Yinghua Dong

College of Mathematics and Statistics, Nanjing University of
Information Science and Technology, Nanjing, 210044, China
Kk

Abstract:

In this paper, we consider a nonstandard
renewal risk model in which the claim
sizes and their inter-arrival times form a
sequence of independent and identically

distributed random variables, respectively.

The claim size and corresponding inter-
arrival time satisfy a certain dependence
structure. In addition, the premium rate is
a constant, and the number of insurance

policies is described by a renewal process.

When the distribution of claim sizes
belongs to the consistent variation class,
we obtain precise large deviation of claim
surplus process.
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1. Introduction

We consider the following nonstandard
renewal risk model: claim sizes
{X;,1=12,--} form a sequence of
independent, identically distributed (i.i.d)
and nonnegative random variables with
common distribution F . The inter-claim
times

{6,,1=12,---} form another sequence

of i.i.d and nonnegative random variables.
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Let 7, = Z@i denote the arrival time
i=1
of the kth
O=r,<7,<--
counting process
N(t) =sup{n>1:7, <t}, t>0.

write EN(t) = At.

claim. Then
, constitute a renewal

The amount of aggregate claims up to t
N(t)
can be expressed as S(t) = Z X .
i=1
Denote by X and & the generic
random variables of the claim sizes and
their corresponding inter-claim times. We
make use of the same dependent structure
asin [1]. That is to say, X and @ satisfy
the following assumption.

Assumption 1: There is some X, >0
such that it holds for all X=X, and
t >0 that

P(O>t]X >Xx) <P(0 >1)

In addition, we assume that an insurer
receives insurance policies in a discrete-
time way.

The arrival times of the successive
insurance policies constitute a renewal

process {M(t),t >0}  Let C denote



the premium of each insurance policy.
The amount of aggregate premiums up to
time t can be represented by cM(t) ,

where EM (t) = A4, (t). Let u>0 be

the initial reserve of the insurer. The risk
reserve process is given by

N (t)

R(t):u+cM(t)—ZXi :

t>0.
The claim surplus process can be
expressed as

N(t)

Y(t):ZXi —cM(t), t>0.
©

The amount of aggregate claims can be
denoted by
N(t)

S(t):ZXi, t>0.

N(t)

We assume M (t) and ZXi are
i=1

2

mutually independent. [1] presented
precise large deviation of the amount of
aggregate claims {S(t),t >0} . [2]
showed precise large deviation for the
compound Poisson risk model. In the
present paper, when the claim-size
distribution belongs to the consistent
variation class, we give precise large
deviation of the claim surplus process
{Y (t),t > O} for the above nonstandard
renewal risk model.

2. preliminaries

Denote

F(X)=1-F(x)=P(X >Xx) . We
first introduce some related heavy-tailed

distribution class, which can be found in
[3] and [4].
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A distribution F on [0, o) is said to

belong
to
the long-tailed class , if
F(x-y)~F(x),
for any y € (—o0,0). In this case, we
write
FelL

In addition, we say that a distribution F
belongs to the dominated variation class

and wr_ite FeD, if_
F(xy) =0@Q)F(x)
O<y<l

Compared with D , the consistent
variation class C is a smaller class. We
say F eC,if

for all

FOy) _q
F(X)
It is well known that C belongs to

DNL.
By the definition of consistent variation

class C , we have the following lemma.
Lemmal.If F €C,then

. F(x+o(D)x

lim FX+00x) _

The following lemma is due to [5].
Lemma 2. For a distribution F on
[0, ), if FeD, then for any
p > J., there is some positive number

C, and d, such that

E(y)gc(%p
Fox)~ \y)

forall x>y >d,.

The following is from [6].
Lemma 3. For a renewal process

{M (t),t > O}, the generic inter-renewal

lim lim inf
i xdeo




distance T has distribution F and
expectation A, < oo, If F (o) =1, then

A0 _1
A

The following lemma is from [1].

lim

t—w t

Lemma 4. Consider the amount of
aggregate claims  (2). Suppose that
Assumption is satisfied, and that

F eCand E(X) = u € (0,00). Then,
for any fixed y >0, it holds uniformly
forall X > st that
P(S(t) — gt > X) ~ AtF(X),
>

The following lemma is referred to [7].

Lemma 5. If {I\/I (t),t > 0} is a renewal
process, then

MO,
A (t)

3. Main result
Theorem. Consider the claim surplus
process (1). In addition to Assumption 1,

suppose that FeC
E(X)=pue(0,0). Then, for any
fixed » >0, it holds uniformly for all
X > A satisfying C > 4, that

P(Y (t) — At > X) ~ AtF(X),
t—o (3

Proof. P t)—EY () > X)
= P(S(t) —cM (t) — ES(t) +cA, (t) >
Z(P(S(t) —ES(t) > x—cA, (t) + k) x

[k, (t)|<e(t) A4 (1)

P(M(t) =k))

X)
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+

D> (P(S(t) - ES(t) > x —cA, (t) +ck) x
k=2 (t)<—&(t) 41 (1)
P(M(t) =k))
Z(P(S(t) —ES(t) > x—cA, (t) + ck) x

k=4 (t)>£(t) A (1)

+

P(M(t) =k))

=1, @)+ 1, )+ 15(t). 4)
First of all, we deal with 1, (t). For
X2 , as
t > < A — =

no
k-4 O <e®AW®);
X—cA, (t) +ck = x+0(1) 4, (t) = x+0o(1)X

. When

A0
X

By Lemma 4, Lemma 1 and Lemma 5,
it holds uniformly all X > 1,

1, (t)
3 P(S(t) - ES(t) > X —CA, (t) + k)

[SRACEEGPAG
P(M () =k)

~

> AtF(x—cy (t) + ck)P(M (t) = k)
[k—2 (1) <& (1) A4 (1)

= AF(x) (Flxromy)
k=R ()] <e (A M) F(x)
P(M(t) =k))
~ JtF(X). )

Next we discuss |, (t) . By Lemma

2, there is some positive number D,
such that it holds uniformly for all

X >t satisfying £ > o, (1),



Iz(t) =

k=4 (t)<-e() 4(t)

P(M (t) = k)

k=4 ()<= A4 ()

D (P(S(t)— ES(t) > x—c, (1)) x

P(M(t) =k))
- HF () FOCAO) by gy - k)
K=y (1) <z (t) 4y (t) F(x)

< D, AtF(X)P(M (t) = A, (t) < () 4, (1)

= 0()AtF(X). (6)
Now we verify the fourth step. As t
is large enough and X >t , there is

some 0 < ¢ <1 such that

X—cA(t) = x(l—M;(t)j > x(l

Since C < D,

Hence as t is enough large, there is
some positive number D, such that

F(x—ca®) _
Fx)y
Finally, we deal with 1 (t).

c

vA-2)

lim sup

X—x0

<00 -

For any fixed » >0, it holds
uniformly forall X > /A that

5(t)

k=2 (t)>&(t) 41 (t)

P(M (1) =)

J

D (P(S(t) —ES(t) > x— ¢, (t) + ck) x
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D (P(S(H) - ES(t) > x—cA, (t) + k) x D P(S(t)— ES(t) > X)P(M (t) =k)

k=24 (1)>s (1) 4 (1)

~ AF(X)P(M (t) - 4, (t) > e(t) 4, (1))
= 0()AtF(x). @)

According to (4)-(7), we obtain (3). This
ends the proof of the theorem.
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