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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. 

In the classical risk model [1.2] ∑
=
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tN

k
kXctutU , 0≥t , u is initial 

reserve, c denote premium rate per unit time, kX counts the kth claim amount, 

)(tN obey the Poisson distribution, and )(tN  denote the claim number in the 

interval ],0( t . }1{ ≥kX k  are nonnegative sequence of independent and 

identically distributed random variables, )(tN and }1{ ≥kX k 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 ),,,( PFΩ , Assume 0≥u , 0≥t , the 

two-insurance double Poisson risk model is 
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In the model, u is the initial reserve of insurance company, k is the insurance 

premium of per policy. )(tM denote policy total number in the interval ],0( t , 

and )(tM follow Poisson distribution with parameter α . )2,1(),( =ktNk  are 

Poisson process with intensity iβ )2,1( =i , )2,1(),( =ktNk denote 

two-insurance claim arrive process, )(1 tN and )(2 tN  are independent of each 

other. 1
iX  are nonnegative sequence of independent and identically distributed 

random variables, their distribution function is )(1 xF , 1
1)( uXE i = , 2

iX  are 

nonnegative sequence of independent and identically distributed random variables, 

their distribution function is )(2 xF , 2
2 )( uXE i = . )(tR denote the surplus of 
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insurance company at time t , ∑∑
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i XXtkMtS denote profit 

process of  insurance company at time t. 

Lemma 

Lemma1[8]. Profit process }0);({ ≥ttS  has these properties (1) 0)0( =S (2) 

process with independent increments and stationary (3) 

tuuktSE )()]([ 2211 ββα −−=  (4) there exists positive 

number r ,makiing ∞<− ][ )(trseE . 

Lemma2[9]. Assume T is the ruin time,  based on martingale theory, the ruin 
probability of the two-insurance double Poisson risk model is 

]}|)({exp[
)(

∞<−
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TTRRE
eu

Ru

ψ . 

Main Results 

Theorem 1.The 

function ]1)([]1)([)1()( 21 21 −+−+−= − rMrMerg
ii XX

rk ββα exist, for 

the profit process }0);({ ≥ttS  , such that )()( ][ rtgtrs eeE =−  . 

Where )()(
k
i

k
i

rX
X eErM = , 2,1=k . 

Proof: ]})()[{exp(][
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)]1(exp[ −= −rketα )]1)((exp[ 11 −rMt
iXβ

)]1)((exp[ 22 −rMt
iXβ  

trMrMe
ii XX

rk }1)(]1)([)1(exp{ 21 21 −+−+−= − ββα . 
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Theorem 2. The equation 0)( =rg  has unique positive solution R , which is 

called as adjustment coefficient. 

Proof: )()()(
21 2

2
1

1
' ii rX

i
X

i
rk eXEeXEkerg ββα ++−= − , 

0])[()[()(
21 22

2
21

1
2" >++= − ii rX

i
rX

i
rk eXEeXEekrg ββα . 

Because 0)(" >rg , so )(' rg  is monotone increasing in the interval ),0[ +∞ , )(rg  

i s  c o n v e x  d o w n w a r d   s h a p e  i n  t h e  i n t e r v a l  ),0[ +∞ ，w h e n 

+∞→r , )(' rg +∞→ .  D u e  t o 0)0( 2211 <++−=′ µβµβαkg , 

so ),0(* +∞∈r exists, makes 0)( *' =rg .According to sufficient condition of 

extreme value, )( *rg  is minimum value in the interval ),0[ +∞ . Because of 

0)0( =g , when +∞→r , +∞→)(rg ,so )(rg  is monotone decreasing in 

the interval ),0( *r , is monotone increasing in the interval ),( * +∞r ,at 

last 0)( =rg  has unique positive solution ),( * +∞∈ rR . 

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

sizes 1
iX , 2

iX  are independent of each other, and respectively follow exponential 

d i s t r i b u t i o n  w i t h  p a r a m e t e r 

0,0 21 >> λλ , then uReRu −−
=Ψ

2

2)(
λ

λ
,where 21 λλ > , R  is adjustment 

coefficient. 

Proof: suppose 21
ii XXZ += , )(zf z is probability density function of Z , 

then 

           ==−= −−−+∞+∞

∞− ∫∫ dxeedxxzfxfzf xzx
XXz

ii

)(
20 1

21
21 )()()( λλ λλ  

== ∫∫
+∞ −−−−−+∞

dxeedxee xzxzx

0

)(
21

)(
20 1

12221 λλλλλ λλλλ  

)( 21
21

21 2 λλ
λλ
λλ λ >
−

− ze . 

Surplus of insurance company before the ruin time T is denoted as R ,then 

xTR >− )( and }|{ 2121 RXXxRXX iiii >++>+ are equivalent, where 

21
ii XX +  is claim amount causing ruin, so we have  
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Theorem 4. In the two-insurance double Poisson risk model, if the claim 

sizes 1
iX , 2

iX  are independent of each other, and 1
iX  follow exponential 

d i s t r i b u t i o n  w i t h  p a r a m e t e r 

0>λ , 2
iX  follow mixed exponential distribution ybya qbepae −− + , 

w h e r e 0,0,1 >>=+ qpqp , 

0,0 >> ba , 

then uR

RbRa

RbRa

e
e

Rbb
qbe

Raa
pa
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qe
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p

u −
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λ

ψ , R is positive 

s o l u t i o n  o f  

0)1()1()1( 21 =−
−

+
−

+−
−

+−−

rb
qb

ra
pa

r
e cr b

λ
λba . 

Proof: suppose 21
ii XXZ += , )(zf z is probability density function of Z , 

then 
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where ba >> λλ , ,furthermore 
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so we get 
=∞<− ]}|)({exp[ TTRRE

=

−
+

−

−
+

−
−−

+−+−
∞+

∫ dx
e

b
qe

a
p

e
b

qbe
a

pa

e
RbRa

xRbxRa

xR

)()(

)()(

0

λ
λ

λ
λ

λ
λ

λ
λ

2151



 

RbRa

RbRa

e
b

qe
a

p

e
Rbb

qbe
Raa

pa

−−

−−

−
+

−

−−
+

−−

λ
λ

λ
λ

λ
λ

λ
λ

))(())((
, and 

uR

RbRa

RbRa

e
e

Rbb
qbe

Raa
pa

e
b

qe
a

p

u −

−−

−−

−−
+

−−

−
+

−=

))(())((

)(

λ
λ

λ
λ

λ
λ

λ
λ

ψ . 

From Theorem 1, 

let 0]1)([]1)([)1()( 21 21 =−+−+−= − rMrMerg
ii XX

rk ββα , because 

r
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iX −
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λ
λ)(1 , 
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so R  is positive solution of 

0)1()1()1()( 21 =−
−

+
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−

+−= −
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qb

ra
pa

r
erg rk b

λ
λba . 

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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