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Abstract. Here, we investigate asymptotic equivalent formulas for finite-time ruin probabilities in a
renewal risk model with a subexponential distribution in this research, in the cases of the negatively
dependent and upper tail independent, respectively. First, we extend the related research results of
Tao Jiang, and Chengguo Weng et al. to the subexponential case, respectively. Thereafter two
precise asymptotic equivalent relations are established, one is the finite-time probability when the
random variables of the claims are influenced by the common subexponential distribution in a
negative way, and another the finite-time ruin probability when the claimsizes are upper tail
independent with the common subexponential distribution.
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1. Introduction

The research of heavy-tailed distribution is an important direction of the risk theory. When the
claim is heavy-tailed distribution, asymptotic estimate theory has been widely studied and
developed since the Cramér-Lundberg theory was established. In order to establish the equivalent
relation under the assumption of heavy tailed distribution, in different circumstances, Many scholars
have achieved fruitful results, such as Hao and Tang[1] studied a renewal model comparable
formula with a subexponential tail of discounted aggregate claims, the asymptotic expression for the
probability of the large claims within renewal risk model with randomly heavy-tailed delay is given
by Wang et al. [2] (refer to[3]), Yang et al. [4] further showed that there was a certain dependent
relationship between the random variable and the random weight, where asymptotic equivalent
formula of the maximum was given, and so on. Based on predecessors' work, in this research, we
investigate two forms of equivalence connections between the negatively dependent and upper tail
independent subexponential distributions.

2. Risk Model

In this research, if we add the constant interest force and renewal theory to the classical risk
model, we can get

G”:;ef N()=sup{n>1:0, <t} m(t)=E[N(t)]=Z:‘:Pr(O'”St) >0

It should be pointed out that the claim (Xnzlj is common distribution, while it is also

dependent non-negative random variables series. The mean # =EX, {5 finite. The time interval

10121} of the arrival of the claim is another independent, identically distributed and non-negative

. . > | > . .
random variables series. Moreover, {(X,n21} and 16,21 are mutual independence. Then, using

a common constant interest force, the classical risk model can be enhanced to a renewal risk model:
N(t)

Uy(t)=ue” +cf "y = X, (1)
i=1
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where ¥ is the initial capital, and ¢ is premium rate which is represented for the premium
charged in the unit time, and 9 is constant interest force which is correspond to the interest rate and
discount rate. The finite time ruin probability can be described as

w(u,T)=PrU(t)<0,0<t <T|U0)=u) . (2)

The research above is based on the assumption that the claim is distributed independently and
uniformly. Next we study asymptotic expression of the probability under the heavy-tailed
distribution following negatively dependent, and upper tail independent, respectively, in the case of
subexponential distribution.

Definition 1. Definitions of Negatively dependent and Pairwise negatively dependent(See
reference [5]).

If claims % have a common distribution and are negatively dependent random variables, with a
constant interest force, we have a negatively dependent renewal risk model:
t N .
Us(t) = ue® +c_[0 e’y — ZXieé(""') 3)
i=1
In the model(3), Chen and Ng. [6]considered that when claims F e ERV(-a,-f) , the probability
is:
r—= 5t
v T)= [ Fue™)dm(o) (4)
Wang et al. [2] considered the ruin probability under the circumstances of ¥€C  and Tao[3]
extended it to £ €£ND | the relation of probability (4) still holds. In the following, we will
investigate the case F €S,
. 1=-2v+C(v,v)
. . . A=lm———"—— Ae(0,1
Definition 2[7]. If the contiguous function C(Coupla): e 1-v exists when # € (%-1] ,

the contiguous function C is upper tail dependent; when 4 =0 | the contiguous function C is upper
tail independent.

According to Sklar’s Theorem, upper tail independent can be equivalent to: if {Xoizl follows
common distribution and satisfy,
o Pr(X, >x,X. >x)
lim !
¥ Pr(X, > x)

=0,i# j,i>1,j>1 (5)

we call (Xoizl} for binary upper tail independent[8].
Remark 1 It follows from (5) that
- Pr(X/.eio‘g/ >x,X,e% > x) - Pr(X/.e’&" >x, X, >x)
- F(x) - F(x)
Pr(X, >x, X, >x)
< = -
F(x)

0

Therefore,

-3 iy
Pr(X.e " >x,X,e ™ >x)
lim——~ - =

o F(x)

(6)

Remark 2 If the random variable series (Xoizl are independent and identical distribution, (5) is

still satisfied, i.e. it satisfies upper tail independent. If the random variable series (Xoizl

negatively dependent, it comes
Pr(X,>x, X >x Pr(X. > x)Pr(X. > x
0 < lim "X 29 i DX > IR, >0
¥ Pr(X, > x) ¥ Pr(X, > x) i#j,i>2Lj>1

arc

Preliminaries

Lemma 1 [9, 10]Let X and be mutual independence, and X , Viand XY
respectively follow the distribution 7, H and C.

2]

10
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lim<— =0
(DIfF e S itcomes ™ F(¥)  forvVe>0,

(2)IfF € S and H(x) = o(F (x)) it comes F*H e S and F *H(¥) - F(x)+H(x)~ F(x)

If there exists a constant c>0 , such that H(x)~ cF(x)

obtainsHeS F*HeS andF*H(X)~(l+c)F(x).

it

IfFeS, and 7/ @) = o(G() o anya>0_ Xy eSand ¥1l-7%, €S

(3)If FeL and H is non-degenerate into 0, and 9C/@~0(H@) for any given 4>0, we
canget Hel

Lemma 2 [3]In the renewal risk model with constant interest force, claims Xoizl are pairwise

negatively dependent random variable series, which follow common distribution F
and F € LMD then for any ™ >0,

2

m, my

Pr() X >x) ~ D Pr(X,e™ >x) (7)

i=1 i=1
We extend Lemma 2 to subexponential distribution case below.
Corollary 1 We change condition ¥ €£ND in lemma 2 to condition ¥ €S, and lemma 2 is
also true.

Y =Xe ™1 . .
Proof. Denote '~ ¢ @< The risk function is (¥

Since
ny ny ny

Pr(}. X,e ™ >x)=H *H,**H, (x) Y. Pr(X,e* >x)=Y H,(x)
i=1

i=1 i=1
s s

we need to prove

)

H v H, -+ H, (x)~ Zl?,.(x) (8)

When ™ =1 itis obvious that (4) holds. Assuming that " = 2 ,clearly,

My . mg .
Pr(}. X,e " > x) 2 Pr(U(X,e ™ >x))
i=1 =1
>3 Pr(X,e ™ >x)— > Pr(X,e™ >xXe ™ >x)
i=1

1< j=1<m,
When !S/#i<m, according to the theory of negatively dependent,

Pr(Xjef&r’ >x,X,e % >x)< Pr(Xje"s"' >x,X, >X)
<Pr(X ™ > x)Pr(X, > x) = oPr(X ¢ ™ > x))

We can get
Pr(% Xe ™ >x)2 %Pr(Xie"s"‘ > x) 9)

i=1 i=1
For any constant 7,
Pr(z X, e >x)<
i=1
Pr( U ¥, >x-m)+Pr(Q Y, >x, N Y, <x—m)
1<i<my, pry 1<i<my,
=1 (x,m)+1,(x,m)

According to Lemma 1,

[l(x,m)SZPr(Yi >x—m) ~ZPT(Y,~ >x)=ZH_i(x) (10)

i=1

Using the theory of negatively dependent, we have

1, (x,m) :Pr(zY,. >x,mi< max Y, <x—m)
0

P 1<j<m,

11
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my my

<ZPr(ZY Y, >m—<Y)

my

< Z Z Pr(x, > — —< Y)
< my(my =) F( )H(—)
my =
Therefore,
lim lim supM 0
. ZH o (11)
Combining equations (10) and (11), it is obtained
Pr(z Xe ™ >x)< %Pr(X e >x) (12)

i=l1 i=l1

According to (10) and (11), the conclusion is proved.
Lemma 3[11]. If FeS, Y&>0 there exists a constant coefficient 4) such that

Fﬂ*(x)
A(e)(
F(x) < A(e)1+5)" x20,n22

In the investigation of £ €£ND Weng et.al. [12] have referred to the following conclusions in
Lemma 4.

Lemma 4[11].Ifnon-negativerandom variable series (Xoiz) follow distribution £ €£NP

2

=12, "and satisfy equation (5):
Pr(X, > x,X. > x)
lim ! =
X—>w Pr(Xi>_x) i>1 ]21
1t comes
F#F,--*F (x)e LnD
and

Pr(Zn:XI. >x)~zn:Pr(Xi > X) (13)

We extend Lemma 4 to subexponential distribution case below.
Corollary 2 We change condition ¥ €£ND in lemma 4 to condition F €S, and lemma 4 is
also true.

Proof.When ™ =!_itis obvious (15)holds. Assuming that ™o = 2 ,clearly,

o

Pr() X, >x) = Pr( U(X e > x))

i=1

>3 Pr(X,e ™ >x)- Y. Pr(X,e >x,X,e " >x)
i 1< j#I<my
I1<j#I<m : .
When o,According to (6), we can easily see that
Pr(X jé&’f > x, X,e% > x) = o(F(x))

Hence,
Z Pr(X, e ™ >x, Xe ™ >x)= o(F(x))

1< j=l<m,

Thus,
Pr(i X >x)> %Pr()(ie‘&" >x) . (14)
i=1 i=1

For any constant 7,

12
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Pr(z Xe® >x)<
i=1

my

Pr( U X, >x—m)+Pr(ZXief‘y"’ >x, N X, <x—m)

1<i<my, P 1<i<my
=1,(x,m)+1,(x, m).

By Lemma 1, we obtain

1, (x,m) < iPr(X,e'd"'i >x—m) ~ ZPr(Xie'd"‘ > X) (15)

i=1 i=1
and

My
s x s
L(x,m)=Pr(} X ™ >x,—< max X e %< x—m)
m J

) 1<j<my

my

Mo
> -3 —0¢ X
SZPr(ZX[e 7 =X e 7> m, X e 7> )
Jj=1 i=1

mO
m, m, S0 ;
0 0 m xe J
< Pr(X, > X > )
/ZZ; 15[;'5’"0 my -1 ’ Ny
=o(F(x)). (16)

Combining (15) and (16), we can get

Mo

Pr(% Xe ™ >x) <Y Pr(Xe ™ >x) | (17)
According to (14) and (17), the conclusion is proved.

3. Main results with its Proof

Our main results are Theorem 1 and Theorem 2 below.
Theorem 1.With a negatively dependent constant interest force renewal risk model,

claims (Xoiz1) are pairwise negatively dependent, where the common distribution function F €S,
The ruin probability of the finite time 7 satisfies (4), and the ruin probability of the finite time for
the negatively dependent claims structure is not sensitive.

Theorem 2.With a constant interest force in the renewal risk model, claims (Xpizl is the

random variable series which satisfies(5). Its common distribution function €S | then the ruin
probability of the finite time T satisfies

T— &
v 1)~ [ Fue™dmc) (18)
Proof of Theorem 1.
Since
ST r s & 5
U (t)=u +cj0 e dy — ZXlef 7
i=1
1—e" N(T) )
—ut— e ZXie'é"'
0 i
we have
N(T) ) c MO )
u— Z X <eU t)<u+ re Z X
i=1 i=1
Hence,

N(T) N(T)
Pr(Y X, e ™ 2u+ %) <y T)<PH(Y Xe™ 2u)

i=1 i=1

If we want to prove (4), we need to prove
N(T) N(T)

Pr(> X 2u+ %) ~ fﬂrf(ue Ndm(t) ~Pr( Y. X, 2u) (19)

13
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Since
N(T) © k
Pr(> X 2u)y= Y PO X,e ™ >u,N(T)=k)
i=l k=Ny+1 i=1

+ ﬁPr(Zk: X, 2u,N(T) = k)=1,(x) + I,(x)
It follows from Corollary 1 and Lemma 3,obtained

I(x)= Z ZPr(Xe ¥y, = Ze <T)

k=Ny+1 i=1

< A(g)jo F(ue®) Z (1+ &) Pr(N(T —t) = k)dF, (f)

k=N, +1

< AE[(1+6) Do) ][ Flue™ Wy (0
According to Chebyshev inequality, we have

E[(1+8)N<”1(N(T>ZNO)] Z ((1+2)Ee ")

- D

Thus, there exists ¢ such that (I+e)Ee” <1 Jfor any v~ 0 ,and there exists Mo such
that A(S)E[(l " g)N(T)1<N(T>ZN°>] <h Then
L)<, [ Fue dm(@) . (20)
g I, (x) ~ %Z]{:Pr()(fe_‘sa' >u,N(T) =k) < iipr(x[eﬂ’“’f >u, N(T)= k)
0, P P
= [ F e dm(1) . Q1)
According to (20) and (21), we can get
Pr(Nf Xe ™ >u) < (1+1,) jOTF(ue dm(t) (22)
and B
Pr(jg)Xe % >y) = ZPr(ZX e >u,N(T)=k)
izk“ Pr(X.e™ >u,N(T)=k) (23)
E . o) j F(ue® )dm(r)
. . . . Pr(]g:)Xe’&" >u) ~ j F(ue)dm(?)
Since " is arbitrary, it comes il It follows from Lemma 1 that
N(T) N(T)

Pr(z X.e >u+—) Pr(z X.e* >u)
= i1 . Thus, (4) is proved.

Proof of Theorem 2.
Since
N(T) 1—e®T N(T)
e’'U, (t)—u+cJ‘ vy — ZXef‘m =u+ 5 'c—ZXl.efs‘T’
i=1 i=1
b
we have
N(T) ¢ N
u—Yy Xe® <eUs()<u+ 5 D> Xe ™
i=1 i=1
Then,
N(T) N(T)

Pr( > Xe ™ >u+—)<l//(u, TY<Pr() X, ™ >u)

i=l1 i=l1

If we want to prove (18), it is suffice to prove

14
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N(T) r—
PR, Xe ™ 2 u+=) ~ [ F(ue™ ydm(r)
=l g N(T) ] (24)
~ Pr(z X.e % >u)

i=1

Since
N(T) o k .
Pr(Y. Xe ™ 2zu)= Y Pr(Q. Xe* >u,N(T)=k)

i=1 k=N, +1 i=1

Ny k
+ 2 Pr(Q_ Xe ™ 2u,N(T) = k)=I,(x) +1,(x)
k=1 i=
b

because ofCorollary 2 and Lemmas 3, that come

0

k k
L(x)= ) Y P(Xe ™ 2u0,=) 6,<T)

< A(g)jOTF(ue“") i (1+&)* Pe(N(T — 1) = k)dF (1)

< AEE[A+6) Dy v, | [ Flue™)dF o)

According to Chebyshev inequality, for any o~ O there exists Vo such that
L)<, OT F(ue” Ydm(?) (25)

and

L, (x)~ %Zk:Pr(X[e’&" 2u,N(T)=k)
< iiPr(Xie"y"‘ >u, N(T)=k) - (26)

= IOT F(ue® )dm(t)
Combining (25) with (26),one can easily see that

N(T)

P> X ™ 2u) < (1+7,) [ Flue)dm(r) Q27)

and
N(T) © k
Pr() Xe ™ 2u)y=Y Pr(Q). X,e* >u,N(T)=k)
>3 S Pr(X e ™ 2 u N(T) = k) - (28)

> (l -1, ) J: F(ue"" Ydm(t)

As b is arbitrary, we have
N(T) _
P> X 2u) ~ [ F(ue”)dm(r)

i=1

By Lemma 1,
N(T) ) B N
Pr( Z X[eibgl >u+ g) ~ Pr( Z X’_efso'i > u)
=l i=1
then (18) is proved.
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