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Abstract 
This paper is related to the possible applications of a stochastic model of ALM for 

insurance (Ars and Janssen (1994)) to real life situations. 
To begin with, we present a model that generalizes the one presented by Janssen 

(1993) and takes into account discontinuities (that is, catastrophes) for liabilities. A 
transformation of variables allows us to use the results of Dufresne (1989) and leads to 
important consequences for company management (ALM). We also consider the 
possibility for the company to avoid the bankruptcy by subscribing to a loan and 
evaluate the implications on its future financial wealth. Then, we investigate dividend 
repartition and important consequences for company management are presented like, for 
instance, the prevision of its financial position. 

WC illustrate our results by treating numerical examples with data coming from 
the balance sheet of a big belgian insurance company. 
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INTRODUCTION 

In an earlier paper (Ars and Jansscn(l994)), we devclopped some 
applications of a stochastic model of Asset Liability Management (ALM) for 
insurance to real life situations. This model was an extension of older ones 
studied by Cummnins (1988 and 1990). The basic idea was to study the relations 
between the assets process (A) and the liabilities process (B) in order to point 
out some managcmcnt principles. Marc exactly, we first pointed out the factors 
that make the ruin probability of the company increase then determined the 
objectives to be achieved by the company and finally dcvclopped some tools 
nccdcd to encounter these objectives. 

The model presented in this paper extends the originally one presented by 
Janssen (1993) so as to take into account discontinuities (we means 
catastrophes, that is, particularly important (set of) claims) for liabilities. We 
suppose that the assets and liabilities processes are governed by stochastic 
differential equations (of the Doleans-Dade type) with respect to processes with 
stationary indcpcndent increments. WC assume the continuity of the assets 
process and that the trajectories of the liabilities process have a finite number of 
jumps on each finite interval. A change of variable allows us to use the results of 
Dufresne (1989) and so to determine the ultimate ruin probability. 

The first goal (for ALM) of this paper is to look for objectives to be 
followed by the company in order to maximize the insurance company lifetime, 
which is a question of great interest for both the shareholders and policy-holders. 
The tools needed to achieve these objectives are based on the use of reinsurance 
options, reinsurance contracts, traditional financial products (such as options, 
swaps,...). 

WC then consider the possibility for the company to avoid the bankruptcy 
by subscribing to a loan and evaluate the implications on its future financial 
wealth. After, WC investigate dividend repartition and important consequences 
for company management are presented such as, for instance, the modification 
of its financial position. 
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WC illustrate our results by trcaling numerical examples with data coming 
from the balance sheet of a big belgian insurance company. 

1. THE GENERALIZED JANSSEN’S MODEL AND LIFETIME OF THE 

COMPANY 

1.1. PRESENTATION OF THE MODEL 

La (Q, F 9 (West+. P) be a filtered complctc probability space satisfying 
the conditions hahituelles : 

1) Fo contains all the P-null sets of F, 

2) Ft = &Fs, Y’t, 0 I t I w,that is, the filtration is right continuous. 

Let us suppose that F, = VO<~<-F,. 

Let A = (A, , t 2 0) and B = (B, , t 2 0) denote the assets and liabilities 
processes (dclined on (C2, F , (FJoCt, --- , P)) like all processes considered in this 
paper). So At represents the amount of all that belongs to the company at time t 
and Bt represents the expected (total) amount of all the claims (evaluated at time 
t>. 

We make the following assumptions about the proccsscs A and B : 

i) These processes are govcrncd by the following integral equations : 

A, =A,+J; A,-dX,, (1) 

B, =B,+J; B,-dY,, (2) 
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whcrc Z = (X, Y) = (Xi, Y,, ti0) is a vector of scmimartingalcs nul at t = 0. 
(WC rcfcr to Prottcr (1992) for the gcncral theory of semimartingales and 
stochastic differential equations), 

ii) The process Z is a bidimcnsional process with stationary independent 
incrcmcnts with a finite number of jumps on each finite interval. We suppose 
further that X is a continuous process, i.c. its trajectories arc as. continuous (this 
implies that A is also a continuous process). So discontinuitics appear only for 
liabilities and have to be interpratcd as the result of cntnstrophes (that is : 
particularly important claims), of which number may reasonably bc supposed 
finite on each finite interval. Now, it is well-known that the proccsscs X and Y, 
being stochastically continuous with stationary indepcndcnt increments, admits 
the following representation (set Gihman & Skorohod (1969) or Paulsen 
(1993)): 

x,=p*t+cJ*w;, 

Y, =pg t+qj w:+s,, 

(3) 

(4) 

where 

PA and uB are real constants; 

GA and c$ are strictly positive real constants: 

W=(W~,W:,t20) is a bidimensional Brownian motion with 

variance-covariance matrix Q : 

and S = (S, , t 2 0) is a l-dimensional compound Poisson process 
independent of W, that can be represented in the following way : 
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i=l 

2 1) 
with N = (Nt , t 2 0) being a Poisson process of paramctcr h and (Yi, i 
being i.i.d. random variables. 

Such processes (with applications in A.L.M. and ruin theory) have been 
studied by Jansscn (1993) and Ars & Jansscn (1994). The model presented hcrc 
is a generalization which take into account the possibility of’ catastrophes. It is 
for this reason that we call this model ” Generalized Jnnsscn’s model”. Similar 
processes were considered by Cummins (1988 ct 1990) but with other 
applications. 

1.2. THE ASSETS AND LIABILITIES PROCESSES AND THE 

MODIFIED RISK RESERVE PROCESS 

The processes A and B are solutions of the stochastic integral (or 
differential) equations (1) and (2). These solutions arc easily derived from the 
DolCans-Dade Stochastic Exponential formula (see Prottcr(l992, ~77)). Using 
(3) and (4), we obtain the following expressions : 

A, = A,, exp[(,.iA -4/2) t+o, w:] ; (5) 

B, = B, exp[(pn -028/z) t+ % W:] n,,i,N, (l + ‘i); (6) 
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WC now considered the process of grcatcst interest for our concern : let R = 
(R, , t 2 0) the process dcfincd by : 

R, = ln(A,/B,), t 2 0. (7) 

One can see the process R as a traditional surplus in the sense that the ruin 
occurs when A bccomcs less than B, thus when R becomes negatif. So, let us 
dcfinc the time of ruin T by : 

T= inf (t20 : R, 5 0). 

By the use of It6’s Formula (see for instance Prottcr (1992, p. 74)), one can 
prove that the process R admits the following representation : 

R, =R,+pt+o@-S,, t20, (8) 

where 02=cI; ++2cpo, q3, 

CL =P,-I&-+(+-;), 
w is a standard brownian motion; 

3 is a compound Poisson process : 
Nt 

S,=CYi, Yi=ln(l+Yi),l<iI N,. 
i=l 

Remark 1 : in the remainder of this paper, we will always suppose that p > 

h pt > 0, where pt denotes the expectation of Y,. 
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1.3. THE ULTIMATE RUIN PROI~ABILITY AND THE SEVERITY OF THE 

RUIN 

The ruin model described by (8) is exactly the model studied by Dufrcsnc 
in his thesis (1989). So by using Dufresnc’s results (see Dufrcsne (1989 p.146)), 
one can find the exact expression of the ruin probability when the distribution of 

y is a combination of exponential distributions, that is, its distribution function 
is of the fonn (with n being an integer diffcrcnt of 0) : 

P[ Yi I Z] = 1 - ClsiSn ai @@-Pi Z> T (9) 

where c ,<isn ai =I and 

ai 2 0,l I i 2 n. 

Let us note that in the last expression, the positivity of a, (1 5 i I n) is not 

absolutely necessary (see Dufresne (1989) for details) but if for (at lcast) one i 
(II i I n), ai is negative then our conclusions for ALM will not be valid 

anymore (see Dufrcsne (1989, p.147) and below). The Dufresne’s formula for 
the ultimate ruin probability is then: 

W(Ro) = xlSksn+l Ek exd-rk RO) 1 

where : 

Ek =$P-hp,) 

(10) 

I 
-1 

- ,l<k<n+l; (11) 

p1 = E[&]; 
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qr...,rn+l are the roots of : 

gr-p+htAL 
i=l pi - r = O* (12) 

Other useful formulas arc the cxprcssions of the probabilities of ruin due to 
the diffusion ( vd (R,)) and due to a catastrophe ( W, (R,)) : 

Wd(R”) = Clak6n+lEL exP(-r, RCJ 

where : 

-1 

,llk<n+l; 

(10’) 

(11’) 

and wc(Ro) = Clikin+lEl( exP(-rk Rob 

where : 

(IO”) 

-1 
,1 <kln+l; (11”) 

We obviously have that : 

v(R,) = vd(Ro) + wc(Ro). (13) 

Dufresne’s work gives us also the expression of the ruin severity. Otherwise 
stated, if, for y strictly positive, v(R,, y) d enotes the probability that ruin 
occurs and that the value of the process R at the time of ruin is less than or equal 
to (-y), we have (see Dufresne (1989, p. 155)) : 
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dRw Y) = &zn C,<k<n+,% ex+-k R, - 6 y) 
where : 

(14) 

-1 
,llkln+l,lljln. (15) 

Example : 

Let us suppose that y is exponentially distributed (this situation is called in 
what follows exponential case) with parameter p = 5 (this means that n = 1 ), 
that the parameter X of the Poisson Process is equal to 0.2 and that the values of 
Ro, p. and (3 are respectively 0.1887, 0.0603 and 0.0186. 

Then we obtain from relations (11) to (14), where a=Ro : 

p, =E[Y]=&X, 
P 

r, = 1.6620, 

r2 = 351.9337. 

w,(a)= 0.6602 e-1.662a - 0.6602 e-351.9337a = 0.4825, 

vd(a)= 0.0095 e-'.662a +0.9905 e-351.9337a = 0.0069, 

y(a) =y1,(a)+xy~(a)=0.4825+0.0069=0.4894. 

1.4. AN ASYMPTOTIC FORMULA 

Unfortunately, if y is not distributed like a combination of exponential 
distributions, we do not dispose of an analytic solution. But, there is an 
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asymptotic formula generalizing (in some sense) Cramer’s one that we arc going 
now to present hcrc. This formula is dcveloppcd in Dufrcsnc (1989, p. 136). 

Let us suppose that the distribution of y provides an adjustment 
cocflicicnt r* (XC Gcrbcr (1979)) that is, a real number r* such that : 

{U,, t 2 0} = {e-“‘L, t 2 0} 

is a martingale with respect to the filtration (FJOSt+. One can prove that 
r* is the strictly positive root of : 

(16) 

whcrc M denotes the moment gcncrating function of 7. 

Let us suppose that we make Ru tend to infinity, we have : 

v(Rll) + ev(-r * Ro) 5 CL--p, 

I I 

(17) 
CT’ 2 + h fy exp(r * y) (1 -P(y)) dy 

Let us remark that in the exponential case, the adjustment coefficient is the 
smallest root of (12) (as it is easily seen from (IO)), and therefore, if this 
smallest root is, say, rl : 

v(R,) + E, exp(-r, Ro) (18) 
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Examnlc (conlinuedl: 

Let us now come back to our example. The exact ruin probability u/(R()) is: 

v(R,) = v&R,) + wJR,,) = 0.4825 + 0.0069 = 0.4894. 

The approximate ruin probability computed from (1X) gives : 

~I(R,)GE, exp(-r, Ro)=0.6697exp(-1.662x 0.3136194) 
= 0.4894. 

So the approximation is very good 

1.5. APPI,ICATION TO ALM 

Formula (17) gives us a interesting tool for the asset liability management 
of the company. Indeed we can see that the more r* the less v(Ru). So the goal 
of the company must be to increase r*. Let us illustrate this by considering for 
instance the exponential case. The adjustment cocflicient is then the smallest of 
the two roots of (12) and has the following expression : 

r* I (19) 
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One easily vcrifics (do not forget that h/p I p (see remark 1)) that 
r*()1,(32,p, h) is an increasing function of ~1, a decreasing function of h and 02. 

If (CL - 0’ p/2) 2 0, r*(p,02,P, h) is also a dccrcasing function of p and 

therefore an increasing function of pt. So the management goals for the 
company arc : 

i) to incrcasc u ; 

ii) to dccrcase 02, pt and h; 

iii) to bc sure that (CL - 0’ p/2 ) 2 0. 

The connection with the initial parameters is made via the following 
formulas : 

If we are not in the exponential case, then obviously the first and second 
(very intuitive) objcctivcs are always valid but others conditions similar to the 
third one may appear. 

In an earlier paper (Ars & Janssen (1994)), we presented the management 
tools which allow to achieve the fixed objectives. Those arc based on : 

i) Rcinsurance contracts : excess of loss contracts provide a 
diminution of p1 but also a diminution of ~1 (or more exactly pA ) ; stop-loss 
contracts imply a diminution of the ruin probability but the counterpart is a 
diminution of u. 

ii)Modification of assets and liabilities structures. 
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iii) Hedging (or speculation) via the purchase or the selling of 
traditional (put or call) options, swaps,... 

iv)Hcdging (or speculation) via the purchase or the selling of (put or 
call) reinsurance options. 

The last (and most recent) possibility constitutes (from far) the most 
interesting innovation in insurance. 

2. THE POSSIBILITY FOR THE COMPANY TO AVOID THE 

BANKRUPTCY BY SUBSCRIBING TO A LOAN 

2.1. f%JUSCRIPTION AND REPAYMENT OF THE LOAN 

Now, if ruin occurs at time T and RT < 0 then it is obvious that the ruin is 
caused by a catastrophe and the mislucky company (but not necessarily 
mismanaged) can perhaps avoid the ruin by subscribing to a loan allowing it to 
start again. In order to investigate this possibility we have to answer the three 
following questions : 

i) How much has the company to borrow? 

ii) How can the company pay off the loan? 

iii) When can one expect to safe the company? (Or what is the 
maximal severity of the ruin which allows to subscribe for a loan?) 

We begin by answering the first question : the loan has to be sufficiently 
important in order to insure the company to start again from a good position. For 
this reason, we shall suppose in what follows that, immediately after the time of 
ruin T and the subscription for the loan, the reserve equals y, y > 0. So the 
amount of the loan, denoted by L in the remainder of this paper, is : 

L=B.,-A,+yB,=(l+y)B,-A,. (20) 
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We arc now going to answer the second question : Ict us suppose that the 
company pays off the loan by continuously paying the proportion 8 of its assets : 
this means that the stochastic integral (or differential) equation followed by A, 

dcnotcd after the ruin by A, becomes : 

&=AT+L+j; A&p*-CI)ds+o,,dW;), t>T. (21) 

Now, the problem which naturally arises is the determination of 8. In order 
to solve it, we shall suppose for sake of simplification that the company will pay 
off on an infinite interval (in fact, the repayment only exists till the following 
time of ruin T’) and that the implicated uncertainty is taken into account in the 
choice of the intcrcst rate 6, that is, the factor 8 is the solution of the following 
equation : 

E[j; e-“t (CIA,)dt]=L, (22) 

whcrc E denotes as usually expectation with respect to P. 

Now, if &>pA - 8, it follows from classical results (see for instance 

Jazwinski (1970, p.68 and 70)) that : 

lE[I, em*’ (0 At) dt] = 0 I; e-&’ lE[xt] dt 

= 8 1: e-“’ (A, + L) e(kA-e)t dt (23) 

W.,.+L) 

= s-(p* 4)’ 

One can compute the value of 8 from (20), (22) and (23) : 
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eJhLJL 
AT 

=(6-~~,)((l+y)exp(-R,)-l). (24) 

Relation (24) gives us the answer to the third question : if WC accept the 
intuitively logical principle that 8 has to bc less than PA then the smallest 
acceptable value of RT is the unique solution (in x) of the following equation (if 
this solution is positive; if not, any ruin is fatal) : 

p,\ = (6 - C(A) ((I+ r) exP(-x) - 1). (25) 

In the remainder of this paper, WC shall dcnotc this solution by ymin. WC 
obtain: 

Ymin = In 
[ 

(l+Yp-YA) “0 
6 I . 

(26) 

2.2. THE DIMINUTION OF THE RUIN PROBADILITY 

If the ruin occurs (say at time T) and the restarting takes place by the 
subscription to a loan, then, among the factor involved only ~1 and PA are 
modified. We then obtain a ultimate ruin probability which is function not only 
of Ro but also of ~1 and PA. Therefore, we shall note in this section the ultimate 
(definitive) ruin probability by w * (R,, CL, cl,,). Now, if y denotes the ruin 
severity (that is : y = -RT) we can express (from (20)) the amount L of the loan 
in function of BT : 

L(y)= (eY-emY) B,. (27) 

The value of 8 then follows from (24) : 
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(j(y) = (6 - P.4) L(Y) 
AT 

=(&p*)( exp(y+y)-1). (28) 

It results now from the formula of compkte probability that: 

w*(R,,~,II,)=w~(R,,c~) w*(u,~-e(o),cL~-~(o))+ 

y *(y, p - 8(y), p,, -NY)) dy [-v(R,, CL, Y,] (2% 

where vd(R,, jt) and v(R,,, 1-1, Y,,,~) are given by (10’) and (14) (we 

insist on the dcpcndcnce on p because this factor may change). 

Let @ bc the of the applications from [0, -) x [0, cl] x ] pA - j,t., pAI into 

[0, I], not decreasing in each of its variables. Note that w* belongs to 0. 

Now consider the operator U from @ into <D dcfincd by : 

U[f] (u, v, w) = y+l, v) f(y, v-em, w -0(O)) + 

+ J;‘- f(y, v -0(y), w-8(y)) d,[-y+, v, y)] (30) 

+ W(“f vJ Ymin)! 

where f belongs to Q and (u, v, w) E [O, -) x [O, cl] x [ /~,-p, kAl . 

It is obvious that U satisfies the two following propcrtics : 

(i) U is increasing : let f, f and I” belong to @, then : 

f I f’r f” =3 U(f) I U(f’> I U(fl’>; 
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(ii) U(yI *) = yf *. 

It immediately results that : 

0 I U(0) 5 w* 5 U( 1) = w  5 1, and for cvcry intcgcr g-cater than 1 

Particularly, we have : 

yP I u(y) I yf. (31) 

So U(v) represents a first step in the evaluation of the gain in lifetime. 
Further steps are more complicated to compute (because it needs numerical 
computation of an integral at each point). 

Examolc (continued). 

Our goal here is to show the gain (at the level of the probability of ruin) 
obtained by the described method (see (31)). 

The exact ruin probability is 0.4894. 

But the (numerical) computation of U(W) (by (30)) gives 0.3854 < 0.4894. 
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3. THE IMPACT OF DIVIDEND DISTRIRUTION 

3.1. MODELISATION OF THE DIVIDEND DISTRII5UTION 

We suppose, in the second part of this paper, that both the processes X and 
Y are continuous. It implies that the (continuous) processes A and B are 
governed by the following system of stochastic integral equations : 

A, = A,, + 1; A, (p, ds + oA dW’,), t 2 0; 

B, =B,+Sof B, (pD ds+o, dW,Z), tr0. 

(32) 

(33) 

We shall suppose that the impact of the dividend distribution on the. 
lifetime of the company can be described by considering a reflecting barrier at 
the lcvcl b > Ru (see for instance Cox & Miller (1965), p.223) for the process R. 
So, the trajcctorics of the process R arc of the form presented in fig. 1 where a = 
Ro. Let us recall that there is also an absorbing barrier at 0 (see Ars and Janssen 
(1994)). 
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Fig. 1 T 

3.2. LIFETIME OFTHECOMPANY 

We are here interested in the dctetmination of the company ultimate ruin 
probability but also, if this probability equals 1, in the computation of the 
density of the time of ruin which are important elements in the choice of the 
level of the reflecting barrier. Let T dcnotcs the time of ruin and y(a ; a) denotes 
its Laplace Transform : 

y(o:; a) = lEa(emaT) , (34) 

where we note a for Ro (for the rcmaindcr of this paper) in order to simplify 
the notations. 

Now, it is well-known that y is solution of the following differential 
equation (see for instance Cox& Miller (1965, p.) or It6 (1961, p.41 with also 
the use of a corollary of Dynkin’s formula) : 
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; CT2 y”+py’ = ay, (35) 

where ’ dcnotcs diffcrcnciation with rcspcct to a, subject to the boundary 
conditions : 

(9 yCy(cc ; 0) = 1, (36) 

(ii> y'(cx ; b) = 0. (37) 

By solving this (easy) diffcrcntial equation by classical methods, one 
obtains : 

ee, x 
yb; x> = 8, e-(%-%)x -0, ,(%-HI )(b-x) ’ (38) 

where 8, - 8, (a) = 
-p++p2+2ac? 

G2 
I 

8, -e,(a) = 
-p-&L2+2ao” 

CT2 

By making cx tend to 0 in (38), we obtain the ultimate probability of ruin : 

P[T<m] =l. (40) 

So the ruin becomes certain. 

By diffcrenciation with respect to cx, we get the moments of T : 
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E[ 7-k ] = (-I)~ dk;;k;a) . 
a=0 

(41) 

This gives us the expressions of the two first moments for the only 
interesting practical case ~12 0 (see Ars & Janssen (1994)) whcrc b’ dcnotcs the 
differcncc bctwccn b and a, that is b’ = b-a : 

(42) 

ET2=D2N”-DND”-2D’DN’+2D’2N 

D3 
, (43) 

where 

Nm21.L ey 
CT2 

I 

-2pb’ 

N1=%fw - 

-7 

2p+e~+l-4W 

P CT2 1 cJ2 J 

-2pb’ 

N”- e”’ 

P2 
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Note that if we make b tend to infinity, we will of course find back the 
results of Ars and Janssen( 1994). 

We now know that the random variable T admits a density (denoted in what 
follows by g). This can be calculated by the computation of the Inverse Laplace 
Transfonn of y(y(cr ; a) (see formula(38)). This gives (see for the method Williams 
(1973, p. 67)) : 

Let m= 
o2 

-;ifmZl,then 
0 

g(t)= gai e(mxit), ]=O 
with : 

P 

ew7 (1+ rn’wi) (pmwj) sin 
pmwja 

c 1 CT2 
a: = 1 (44) 

b(l+ m2$ -0 ) ‘ 
P 



304 5TH AFIR INTERNATIONAL COLLOQUIUM 

(45) 

Oj is the solution between jx and (i+l)x of the equation : 

tg (x) = m x; (46) 

if m c 1, then : 

g(t)=ao ek).“‘)+& e&Llt), (47) 
j=l 

with : 

aj andhi having for j21 the same meaning than before, 

-(l-m2v2) where v is the real solution, which exists 

because m < 1, of the following equation : 

Thx=mx; (48) 

N-h,) . 
%I= D’(-ho) ’ (49) 

D’ze 
43, -81 )a (1+2af3,)-e’ez-R1)b’(1+2b’ 0,) 

, 
IJmv (50) 

with 8, = -p+prnv and e =-vYrnv 
(T2 2 

CT2 * 
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Examnlc : 

The company paramclers are (see Ars & Janssen (1994)) : 

a = 0.1887, /.I. = 0.0103, (3 = 0.0186 

Let us fix the lcvcl of the rcflccting barrier (b) at 0.1987. The computation 
of m gives 0.169 and WC obtain the following expression of the density (t20) : 

&) = 4.460939 1@ e-4.46o6579 1o-6 t - 4.882037 lo-’ e-o.2133256 t 

+ 1 216118 1o-4 e-0.37816Xt -1 756491 10-4 e-0.634685t 

+ . . . 

We can also cxprcss g as the sum of densities of exponential random 
variables : 

g(t)=l.000063113 pa(t) -2.288538 10dp,(t) 

+3.215814 10Ap,(t)- 2.7675 1OA p3(t)+... 

where pi denotes for i20 the density of an exponential random variable of 

parameter hi. 

We easily obtain the expected lifetime of the company : 

ET = 224196 (ansj. 

The probability of ruin before t’ is : 

P[T 5 t’] = 6’ g(t) dt = fpi (l-e-““), 
j=O 
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and the probability of survival to time t’ : 

P[T 2 t’] = l;p g(t) dt = cpi e-‘.I”. 
j=o 

So the probability of survival to 20 years is 0.999974 and to 100 years is 
0.99962. 

3.3. THE TIME BEFORE THE FIRST DIVIDEND REI’ARTITION 

Another thing of great interest for the company is the time that the 
shareholders have to wait before the first dividend rcpnrtition. This time, 
denoted in what follows by S, depends obviously on the choke of the parameter 
b. 

One easily finds the Laplace Transform &a ; a) of S : it is the solution of 
the following differential equation : 

subject to the boundary conditions (see Cox & Miller (1965)) : 

6(a; 0)= 0, 

&(a; b) = 1. 

The analytic form of 6 is then : 

e -8, b’ 1- e-P2-%P’ 

6(a;a)= e(e'-e,)b'- ,-(e2-e,)a 7 

(51) 

(52) 

(53) 

(54) 
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where 8, = 8, (a) = 
-p-@-zz 

CT2 I 

8, =e,(a> = 
-p+JlFZZ 

CT2 

m 

By taking cx=O, WC obtain the probability that a dividend repartition 
prcccdcs the ruin : 

2pb 2v(b’-a) w 

l’[S < T] = e “:,,e -;I, 
2 

= 2;a - * -2pb’ . (56) 

e0’ -e 0’ 2 e0 -e-F 

The computation of the Inverse Laplacc Transform of (54), denoted by f, 
gives : (see Cox & Miller (1965, p 222)) : 

f(t)= $a, e-“n’, 
n=l 

(57) 

whcrc 

a, = (-l)n+l (.+.!L) ef sin(!l!fY), 

h,L 1+ F 

2 

202 H II . 

So, we can compute for every ~20, the following probability : 

p[s 2 ~1 s < T ] = (e21”10’ - l)(e2~‘/” - e-Zpb’/a2)-1 jif(t) dt. (59) 

(58) 
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So, the managers of the company have two parameters which are useful in 
the choice of the level of the reflecting barrier : the density function (and 
therefore mean, variance, . ..) and the waiting time for the first dividend 
distribution. 

Another thing of great importance for the sharcholdcrs is the expcctcd 
discounted value of the distributed dividends. Unfortunately, WC can’t compute it 
with this model without bringing about a modification. WC postpone it until a 
future paper. 

CONCLUSION 

This paper is related to the possible applications of a stochastic model of 
Asset Liability Management (ALM) for insurance (Ars and Janssen (1994)) to 
real life situations. 

We study a model generalizing the one prcscntcd by Jansscn (1993) and 
taking into account the occurence of catastrophes for liabilities. The assumptions 
made about the (assets and liabilities) processes combining with a very useful 
change of variable allow us to use the results of Dufrcsne (1989) and SO to 
determine the ultimate ruin probability. This leads to important consequences for 
company management (ALM) such as the dctennination of the objectives to be 
followed by the company and we recall the (possible) tools needed to achieve 
them . 

We then consider the possibility for the company to avoid the bankruptcy 
by subscribing to a loan and evaluate the implications on its future financial 
wealth. We show by an example that this implies a diminution for the ultimate 
ruin probability. 

After, WC investigate dividend repartition by considering a reflecting 
barrier. We show that this implies the ruin with probability one and that the 
density of the random variable can be expressed as the sum of exponential 
densities. We also compute the cxpectcd time bcforc the first dividend 
repartition with the particular dividend strategy considered. 
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Some interesting problems arc left open : 

- how to integrate (in our model) discontinuitics (also) for the assets 
process ? 

- how to generalize our results to scmimartingalcs (X, Y) with 
indcpedcnt but not necessarily stationary increments (with always a finite 
number of jumps on a finite interval) ? 

- is it possible to generalize the considered dividend strategy ? 

- how to construct optimal strategies based on rcinsurancc options in 
order to cncountcr the (managcmcnt) objectives ? 
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