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Abstract

Due to the classical risk model has many hypotheses which cause limitation, the
two-insurance double Poisson risk model is set up, when the two-insurance claim
follow exponential distribution, and one insurance claim follow exponential
distribution, the other insurance claim follow combination of exponential
distributions, specific ruin probability formula are got.
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Introduction

As one of the main research objects in risk theory, a lot of research about ruin
probability has been carried on by some scholars. In 1903, the Swedish actuary
Fillip Lundberg initiated the study of ruin theory, later, the Swedish school headed
by Harald Cramer improved the ruin theory of Fillip Lundberg, so the study of
ruin theory has a solid foundation of mathematics. The exact expressions, relevant
assumptions and the main results of the classical ruin model were given by them.
The ruin theory of Lundberg and Cramer has been the basic theory of the classical
ruin theory.
N (t)

In the classical risk model [1.2]U (t) = u +ct — Z X, 120, uis initial
k=1

reserve, Cdenote premium rate per unit time, x, counts the kth claim amount,
N (t) obey the Poisson distribution, and N (t) denote the claim number in the
interval (0,t] . {X, k >1} are nonnegative sequence of independent and

identically distributed random variables, N (t) and{X, Kk >1}are independent
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of each other. Because the classical risk model has many hypotheses which cause
limitation, many scholars generalized the classical risk model. The classical risk
model and the expanded model in the work [3.4] describe risk management
process of single insurance. With the expansion of business scale of the insurance
company, the study of multiple line risk model has much breakthrough, in the
work [5], a class of multiple line risk model is constructed, the ruin probability is
gotten, the work [6] study the two-insurance Poisson risk model and its ruin
probability, in these works, premium income is constant in unit time, in fact,
premium income process is random process, in the work [7], though the premium
income process is generalized to Poisson process, claim process is management
process of single insurance. In this paper, considering two-insurance, the double
Poisson risk model in which premium income process and claim process are
Poisson process is constructed, the ruin probability and relevant formula are
gotten with martingale theory, at last, when the two-insurance claim follow
exponential distribution, and one insurance claim follow exponential distribution,
the other insurance claim follow combination of exponential distributions,
specific ruin probability formulae are got.

Model description

Definition1. Given the probability space (2, F, P),, Assumeu >0, t >0, the

two-insurance double Poisson risk model is
Ny (1) N, (t)

Rt)=u+kM(t)- D X =D XZ.
i=1 i=1
In the model, U is the initial reserve of insurance company, K is the insurance
premium of per policy. M (t) denote policy total number in the interval (0,t],
and M (t) follow Poisson distribution with parameter & . N, (t),(k =1,2) are
Poisson process with intensity S, (i=12) , N, (t),(k =1,2) denote
two-insurance claim arrive process, N, (t) and N, (t) are independent of each
other. Xi1 are nonnegative sequence of independent and identically distributed
random variables, their distribution function is F,(X), E(X;)=u,, X/ are

nonnegative sequence of independent and identically distributed random variables,

their distribution function is F,(X), E(X/) =u,.R(t) denote the surplus of
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Ny (t) N (t)

insurance company at time t, S(t) = kM (t) — Z X!— Z X ? denote profit
i=1 i=1

process of insurance company at time t.

Lemma

Lemmal[8]. Profit process{S(t);t > O} has these properties (1) S(0) =0 (2)
process with independent increments and stationary 3)
E[S(t)] = (ka - Bu, — p,u,)t 4 there exists positive

number I ,makiing E[e "] < o0 .

Lemma2[9]. Assume T is the ruin time, based on martingale theory, the ruin

probability of the two-insurance double Poisson risk model is

e—Ru

E{exp[-RR(T)|T <]}

y(u)=

Main Results

Theorem 1.The

functiong(r) = ae(e™™ - 1)+ B[M .1 (r)-1+ p,[M X2 (r) —1] exist, for
the profit process{S (t);t > 0} , such that E[e "] = e .

WhereM , (r) = E(e™) k=12,

Ny (t) N, (t)

Proof: E[e "] = E{exp(-r)[kM (t)— > X! - D X7}
i=1 i=1l
N (1) N, (1)

= E[exp(-r)kM (t)] E[expr >_ X[ E[expr > X/]

i=1 i=1

= explat(e™™ —1)] exp[B,t(M x: (N =1)]
exp[f,t(M . (r) -1)]
=exp{a(e™ -1)+ B[M o (N =1+ M . () =Tt
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Theorem 2. The equation g(r)=0 has unique positive solution R, which is

called as adjustment coefficient.
Proof: g (r)=—ake™ + BE(XeX )+ B,E(X ™),
g'(n) = ak’e ™ + SE[(X])’e™ + BE[(X!)*e™ ]>0.

Becauseg (r) >0,s0 g (r) is monotone increasing in the interval [0,+x), g(r)
is convex downward shape in the interval [04+0), when
r—>+0,g(r) >+w. Due to g'(0)=—aK+ B + Bu, <0,
sor” e (0,+00) exists, makes g (r") = 0 .According to sufficient condition of
extreme value, g(r") is minimum value in the interval [0,+c0) . Because of
g(0) =0, whenr — 400, g(r) — 400,50 g(r) is monotone decreasing in
the interval (0,r ), is monotone increasing in the interval (r”,+o0) at
last g(r) = 0 has unique positive solution R € (r”,+o0).

Theorem 3. In the two-insurance double Poisson risk model, if the claim

sizes X ,l X iz are independent of each other, and respectively follow exponential

distribution w i th parametertr
A, —R

A >0,4, >0, then'¥(u) = e " where 4, > 4, ,R is adjustment

2
coefficient.

Proof: suppose Z = X + X/, f_(z) is probability density function of Z ,
then

f@)= [T (01, (2 x)dx= [ A 2,6k =
IOM e 2,07 dx = 4,67 Lﬂoe“ﬁ"“xdx =

G’
/11 - /12
Surplus of insurance company before the ruin time T is denoted as R ,then

—R(T)>x and {X}+ X?>R+x| X!+ X2 >R}are equivalent, where

et (4> 4,).

1 2 . . . .
X; + X{" is claim amount causing ruin, so we have
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P{-R(T)>Xx|T <oo}=P{X +X?>R+x| X!+ X?>R}=

_ _ I Atz g,
P{X{ +X{ >R+xX{+X? >R} 12, _ g
P{X}+X? >R} j*w M o2z |

Furthermore, we have diP{—R(T)<X|T<oo}=ﬂ,zelzx
X

s 0 E{exp[-RR(T)|T <x]}=
j+weRX 2,8 7%dx = 4
0 2, -R
-Ru _
yiu)= © o Ren,

E{exp[-RR(T)|T <]} 4,

Theorem 4. In the two-insurance double Poisson risk model, if the claim
sizes X, X are independent of each other, and X follow exponential
distribution w i th parameter

A>0, X? follow mixed exponential distribution pae *’ +qbe

w h e r e p+q=1,p>0,q>0
a>0,b>0
lpﬂ eaR_FﬂglbebR
theny (U) = —a - RY R is positive
v(u) pad o gbA o R P
(1-a)(a-R) (A-b)(b-R)
S o] | u t i 0 n 0 f
qb

(7Irc _1)+ﬂ1(—_1) ﬂz 1) 0.

a-r b—
Proof: suppose Z = X + X, f,(2) is probability density function of Z ,
then
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f(z)= f:fxil (), (2= x)dx =

+oo Aa Ab
e [pae ™ +qbe** P ]dx = p——e " +q——e",
[ e 1p q Jdx=p-———e " +q-—
where A > a, A > b furthermore
J.;OO ﬂe—az +que_bde
P{-R(T) > x|T <o} = =*_4-a A-=b
oo Aa -az ﬂ'b —bz
- p—e ¥ +q——e 'dz
R A-a A-Db
pA paRex) | qi o b(R)
A—a A-=Db
pﬂ' e—aﬁ n qﬂ“ e—bﬁ
(A-a) (1-Db)
d d pﬂ’ e—a(§+x) + qﬂ’ e—b(§+x)
T PR <x|T <=~ [1-4=2 A=D 1=
dx dx pﬂv —aR q}b -bR
e + e
(A-a) (A-Db)
pat e—a(§+x) " qbA e—b(ﬁﬂ()
A-—a A=D
PA R, G4 4R
(A-a) (1-Db)
S0 we get

E{exp[-RR(T)|T <x]}=
;aﬂ“ e—a(§+x) + Ebi e—b(§+x)
+oOeRX _ a _ dX _
L pA o g4 o R
(A-a) (A-b)
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pad o a® 4 qb4 o bR

(A-a)(a-R) (A-b)(b-R)
2 - 7 — and
p ook q o R
A-a A-Db
pA o g4 o R
A—a A-b _Ru
u)= e
v () pad o gbA o OR
(1-a)(@a—R) (1-b)(b—R)
From Theorem 1,
letg(r) =a(e™ -1+ B,[M (N =1+ B,[M . (r)-1]=0, because
A
M. .(r)=—,
(1) A-r

_ XAy [T Lrx —ax _bx _ pa qb
M,.(r)=E(e )—_[0 e (pae™ +qbe )dX_EJrE'

so R is positive solution of

o) =ale ™ D+ -+ g P Pgy 0

Conclusions

This paper studies the double Poisson risk model. When the two-insurance
claim follow exponential distribution and combination of exponential distributions,
we derive the corresponding explicit ruin probability formula. To the risk model,
proving method is strict, conclusions are explicit.
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