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Abstract

We consider a risk reserve process whose premium rate reduces from c4 to ¢, when the
reserve comes above some critical value v. In the model of Cramer-Lundberg with initial
capital u > 0, we obtain the probability that ruin does not occur before the first up-crossing of
level v. When u < v, following H. Gerber and E. Shiu (1997), we derive the probability that
starting with initial capital u ruin occurs and the severity of ruin is not bigger than v. Further
we express the probability of ruin in the two step premium function model -  (u,v), by the
last two probabilities. Our assumptions imply that the surplus process will go to infinity
almost surely. This entails that the process will stay below zero only temporarily. We derive
the distribution of the total duration of negative surplus and obtain its Laplace transform and
mean value. As a consequence of these results, under certain conditions in the Model of
Cramer-Lundberg we obtain the expected value of the severity of ruin. In the end of the paper
we give examples with exponential claim sizes.

Keywords: Surplus process; Probability of ruin; Total duration of negative surplus

AMS 2000 Subject Classification No.: 91B30; 60G99

1. Introduction

In this paper Yo = 0. We denote by Y3, Yo, ... the claim amounts and suppose that they are
positive, independent and identically distributed (i.i.d.) random variables (r.vs.) with
distribution function (d.f.) F which is absolutely continuous, and with finite mean

1
EYl = — < o0,
U
We assume that the times between claim arrivals X;, X», ... are independent and exponentially

distributed r.vs. with parameter A > 0 and the sequences {Y; : i € N} and {X; : i € N} are
independent.
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In the classical risk theory usually the time of ruin, the probability of ruin, and the deficit at
ruin are examined. A good treatment in this area is Grandel (1991).

In the Cramer-Lundberg model the premiums are received at a constant rate ¢ > 0 per unit
time. In this case the duration of negative surplus have been investigated in Reis (1993) and
in Dickson and Reis (1996). The joint distribution of the time of ruin, the surplus
immediately before ruin, and the deficit at ruin is examined by Gerber and Shiu (1997). The
distribution of the time of ruin . (u) for the cases when the initial capital u = 0, in terms of
the d.f. of the aggregate claim amount is expressed by the following Seal’s formulae (see e.g.
Rolski (1999), Theorem 5.6.2.):

Ne (1)

P> = —[ POV <y)y (11)

and if u > 0 then
Ne (t)

DY, -u

Ne (1) i

P(zeL(u)>t) = P( DY, <u+ct)- cj P(zeL 0) >t-u) P %Sy dy

Here we denote by Nc(t) the number of claim arrivals up to time t.

E. Kolkovska, et al. (2005) prove the existence of local time of renewal risk process with
continuous claim distribution. They obtain the Laplace functional of the occupation measure
of the risk process.

We consider a particular case of a collective risk model with risk dependent premiums. The

risk process is defined by
t N (t)

R(t) = u +j c(R() ds- DY, t=0
where 0 _

cy ,» Y<v
c(y) ={ i
C, ,» Y>Vv
and v is a fixed, nonnegative real number.

0 T(u,v) (u) t

Fig. 1. Case u <.
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Such a model is called two-step premium function model (see e.g. Asmussen (1996)). For
examples of sample paths see Figure 1 and Figure 2.

A
\ 1/1/1/)
0 r(u)l/l/\/\/ T(u, v)

Fig. 2. Case u > v.

v

Without loss of generality we assume that min(cg, ¢,) = ¢y Our first step will be to require the
basic net profit condition

EY.
min(cy, ;) > —L .
( d u) EXl

This leads to y (u, v) <1 for all 0 < u < o, where  (u, v) is the probability of ruin in the two-
step premium function model with initial capital u. Our assumptions imply also that

P(R(t) > o fort— o) =1.

The latter means that the duration of a single period of negative surplus and the number of
down-crosses of level zero by the surplus process are almost surely finite.

2. Preliminary Results

In this section we consider the Cramer-Lundberg model with initial capital u and premium

. EY,
Income rate ¢ > .
E 1

We denote by
Fiy)=p | (1-F()) dx

the integrated tail distribution of F, by yc( (u) the probability of ruin and by oci(u) the
survival probability. The following three formulae can be found in any basic textbook on Risk

theory.
&(0)=1- 2+, (2.1)
Cu
Ser(U) =8e(0) + | Ger(u-y) dy (L - &u(0) Fi (v)), (22)
S(U) = & (0) + &0) Y (1~ & (0) Ry (). (2.3)

Let gcL(u, v) be the probability that ruin does not occur before the first up-crossing of level v.
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In this section we assume that 0 <u <.

Because of yc () =1 - geL(u, V) +ywe(u) gec(u, v) (see e.g. Asmussen (1996)) we have

_ 6c.(0)
dec(0, v) = m , (2.4)
geL(u, V) = S (U) - de (O,V) (2.5)

0o (V) G (Ou) .
In the following lemma we derive an integral equation and explicit formula for gc.(u, v).

Lemma 1:

u

deu(U, V) = o0, V) + [ deu(u = v, v) dy (1 - &u(0)) Fir (), (2.6)
143 (1- 50 0) F* )

ger(u, v) =—< . (2.7)
1+ (-6 Q) F*(v)

Proof:

We divide (2.2) to &cL(v), then we use (2.5) and obtain (2.6). Now we divide (2.3) to &c.(0),
then we use (2.4) and obtain

er(0, V) = 1 : (2.8)

o0

1+ (1~ 5¢ () F*(v)

If we gather (2.8) and (2.5) we come to (2.7).

We denote by G (u, v) the probability that starting with initial capital u ruin occurs and the
severity of ruin is not bigger than v. Then, because F is absolutely continuous Ge¢. (u, 0) =
0, for all u > 0. Let us remind that

Ger(0, v) = wer(0) Fi(v). (2.9)

See e.g. N. Bowers et al. (1987) or the key formula in Gerber and Shiu (1997). They also
obtain that starting with initial capital zero, this is the probability that ruin occurs and the
surplus immediately before ruin is less than v. It is well known that it coincides with the

defective d.f. of the first ascending ladder height of the random walk S, = Z (Y - CXy).
k=1

The sum in the denominator of (2.7) is just the renewal function Z(GCL (0,v))“. As is
k=1

known it equals the expected value of the number of ascending ladder heights of the

corresponding terminating renewal process before the first up-crossing of level v. It is also the

mean number of minimums of the risk reserve process with initial capital 0 before its first

down-crossing of level -v.

https://digitalcommons.pvamu.edu/aam/vol2/iss2/4
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Having in mind the paper of Gerber and Shiu (1997) we obtain G¢,(u, V).

Lemma 2:
Foru=0
1 \
Ger(u, V) = ————{ye (W) - ye(u+ V) + | peu(v+u-2)d; Gel(0, 2)
1-yq 0) 0
-weL(U)GeL(0,v)}-
Proof:

For u =0 by (2.2) and (2.9) the lemma is obviously true. We will consider the case when u>0.
By Rci(u, t) we denote the risk reserve up to time t > 0 and by 7z (u) the time of ruin. By
(4.6) in Gerber and Shiu (1997) for the function I'(u, X) which is defined as the solution of the

equation
F(U, X) = I F(U - Z) d, GCL(O, Z) + I{u <x}(X);
0
where
1 , XeA
Ia(X) =
Ax) {0 elsewhere
we have

(X, Y; mcL(u) <o) =

Rew (U ze (U)7),=Rey (U7 (U))

=P (X, ¥ 7L(0) <0)T'(u, X).

T ReL (0.7¢ (0))~Rey (0.7¢ (0))

By (3.12) in Gerber and Shiu (1997)
P e 0 0 ) Rey 05 0 O Y3 7oL (0) <20)= Wowie (0) Py (x +).
This means that
(%, y; 7eL(U) <) = Lyer(0) Py (x+y) T(u, x).  (2.10)

Rew (Uyze (U)7),—Rey (u,7¢ (U))

By Dickson’s formulae (See Dickson (1992)) and (5.2) in Gerber and Shiu (1997) we have
1 1-yq (U) , X>u>=0

1-y (0) {V/CL(U—X)—WCL(U) , O0<x<u

We substitute this expression in the equation (2.10). So we obtain for x> u >0

: _ 1y (0)d -y (U)
P Rew (Uyze (U)7),—Rey (U7 (U)) (X, y’ TCL(U) < OO) - CLl_ V/CL (O)CL PY 1(X ' y) (211)

I'(u, x) =

and forO<x<u

. 0 u—Xx)— u
P Rew (Uszep (U)7)—=Rep (Uizep (u)) (X, y’ TCL(U) < OO) - ,UV/CL( )(l/]fcj_g(yCL (O)) l//CL( )) PY 1(X + y) (212)

Now we are ready to obtain G (u, v). It is true, that

v

Ger(u, V) = P(zeL(u) < oo, -Re (U, 7oL (u)) < V) = J. P o (e uy Vs 7eL(U) < o0) dy.

0

Published by Digital Commons @PVAMU, 2007
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Integrating the joint density function with respect to x we obtain the density of the severity of
ruin, so

Ga(u,v)= [[ P
00
By changing the order of integration and applying (2.11) and (2.12) we can say that

Cautu,v) =700 {j (v =) - per W) F 09 G+ | (L= yeu @) F (0

u

'j (wer(u - X) - weu(u)) F (x + v) dx 'T (1 - wer(u) F (x+ v) dx }

0

(X, y; zcL(u) <o) dx dy.

Rew (Uyzep (U)7)—Rep (U7 (U))

_ a0 {I 00 F 0 dx- Ve W) -y @)-F w)
1_1//CL(O) 0 H

- j weL(u + v - X) F (X) dx +yeL(u) J F (X) dx+(1 - wer(u)) T F (x) dx }

u+v

=L O] et 6F )+ pe0) (L- Fi (W) - @) pe(W
1-y¢ (0) 0

- J wer(U + V- X) dy (wer(0) Fi(x) +yer(0) wer(u) (1 - Fi(u)) - wer(0) (1 - Fi(u+v))}.

Because of (2.9) and (2.2)

v

G ¥) = 1 () pal + 9 + | yelv+u-2)d:6a 0,2

-weL(U)Ger (0,v)}
So we completed the proof.

3. The Total Duration of Negative Surplus

In the classical Cramer-Lundberg model with initial capital u = 0, Reis (1993) notes that,
given that ruin occurs, the duration of the first single period of a negative surplus (we denote
it by 7:.cL(0)) coincides in distribution with the time of ruin. It is also identically distributed
with the other periods of negative surpluses, conditionally that they are positive. This
distribution could be found by Seal’s formula (1.1). Fort>0

1 et Ne (1)

1
v (0) {1_E£P( ;Yi <y)dy}.

P(TCL(O) <t | TCL(O) < OO) =

In the model of Cramer-Lundberg we define Tc(u, V) to be the time of the first up-crossing of
level v and as before, Gei(u, y) to be the probability that starting with initial capital u ruin
occurs and the severity of ruin is not bigger than y. By Dickson and Reis (1996), for arbitrary
initial capital u >0

P(n1cL(u) <t| micL(u) >0) =

- TPUCL(Qy)St)dyGCL(U,y), t>0.
we (U) g

https://digitalcommons.pvamu.edu/aam/vol2/iss2/4
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In the two-step premium function model with initial capital u > 0 the single sojourn time of
the risk reserve process in (-0, 0] could be considered like the single sojourn time in (-o0, 0]
of the risk reserve process in the model of Cramer-Lundberg with premium income rate cg.
Forall k =1, 2, ..., given that the duration of k-th negative surplus is positive it has the same
distribution whether we consider the model of Cramer-Lundberg with premium income rate cq
or the two step premium function model. Further instead of lower index ¢ we will write 4
when the discussed quantity is equal to the certain quantity in the model of Cramer-Lundberg
with premium income rate cq. Analogously we use lower index .

Let 7« (u), k =1, 2, ... be the duration of k-th negative surplus in the two-step premium
functions model with initial capital u. Given that 7;(u), 7.(u),... are positive they are
independent and 7,(u), 73(u), ... are identically distributed.

P(1(0) < x| 71(0) > 0) = Pg(7:(0) < x| 771(0) > 0) (3.1)
forx e R.
Whenu>0

P(m(u) <x| m(u) > 0) = Pg(r7(u) < x| m1(u) > 0) (3.2)
forx e R.

Whenk=2,3,...andu>0
P(m(u) < x| m(u) >0) =P(m(0) <x|m(0)>0), xeR. (3.3)

We assume that 79 = 0. The total duration of negative surplus 7(u, v) in the two-step
premium functions model can be presented as random sum
N (u,v,0)

n(u, v) = Z i (U),

where N(u, v, 0) is the number of occasions on which the surplus process falls below zero.

Let us note that N(u, v, 0) and m1(u), 772(u),... are not independent. To come to the distribution
of n(u, v) we have to determine the distribution of N(u, v, 0).

It is not difficult to obtain that

P(N(u,v,0)=0)=1- w(0, V), (3.4)
and fork=1,2,...
P (N, v,0)=K) = w(u,Vv) (0, v)(1- w(0,V)). (3.5)

In the following theorem we express  (u, v) in different cases for u and v.
Theorem 1:
For the two-step premium function model with net-profit condition (2.1)

a) If u=v, then

v, (0w (V)5 (0) : (3.6)

w(V,v) = ;
03 (Vw4 (0) =y, (0)3, (V) +y,(0)5, (0)

Published by Digital Commons @PVAMU, 2007
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b) If u <v, then

V/(U,V) = 1 _ l//d (0)§d (u)gu (0) , (37)
8, (4 (0) —, (05, (v) +, (0)3, (0)
c) Ifu>v, then
8,0y (0] 8, (v—y)d, G, (u-v.y)
p(UY) = pu (U - V) c (3.8)

5, (0 -1, (05, (v) +1, (005, (0)

Here y (u) is the probability of ruin in the Cramer-Lundberg model with initial capital u and
premium income rate per unit time c,, Gy(u, v) is equal to G (u, v) and &, (u) =1 - w (u). o
(u) is the survival probability in the model of Cramer-Lundberg with initial capital u and
premium income rate Cg.

Proof:

We denote by Ry (x, t) the risk reserve up to time t > 0 in the model of Cramer-Lundberg with
initial capital x > 0 and premium income rate ¢, > 0. We define 7, (X) to be the time of ruin, T,
(%, v) - the time of the first up-crossing of level v and q, (x, v) to be the probability that ruin
does not occur before the first up-crossing of level v.

Analogously we denote by Ry (x, t) the risk reserve up to time t > 0 in the model of Cramer-
Lundberg with initial capital x > 0 and premium income rate ¢4 > 0. 7y(x) is the time of ruin in
this model, and 4 (X) is the probability of ruin. Let T4 (X, v) be the time of the first up-
crossing of level v.

In the two step premium function model with initial capital u and critical level x we define 6
(u, X, t) to be the number of down-crossings of level v up to time t.

We consider the following three groups of events:
A(u, v) = "starting with initial capital u there is no ruin before the first up-crossing of level v”,
B(u, v) = "u) < o, € (u, v, 7(u)) = 1 and the time of the down-crossing of the level v
coincides with the time of ruin” and
C(u, v) =77u) < o0, 0 (u, v, {u)) = 1 and the time of the down-crossing of the level v
does not coincide with the time of ruin”.

a) At this point we suppose that the risk reserve process starts with initial capital v. By the
Theorem of Total Probability we have

o0

(v, v)= Y P(r(v)<wm, 0V, r(v))=k) (3.9)

i=1

To find P (B(v, v)) we consider only the risk-reserve process Ry (0, t). It is not difficult to
realize, that
P(B(v, v)) = P(z (0) < oo, -Ry(0,%(0)) > Vv) = wi(0) - P(7, (0) < oo, -Ry(0, 7, (0)) < V).

By (2.9)

https://digitalcommons.pvamu.edu/aam/vol2/iss2/4
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PB(V, v)) = w4 (0) - yu (O)F (v) = wi (0)(2 - Fi(v)) = w(0) F, (v). (3.10)
By the Theorem of Total Probability and (2.9) we obtain

'

P(C(v,V)) = J. P(Ta (v -y, V) >z (v - y)) dy P(-Ru(0,7(0)) <y, (0) < )

0

=y (0) [ (L-de(v—y, V) dyFi(y).

In view of (2.5), a formula equivalent to the above one is

PO = v OF - w6 ) | 2 a0 Fi).

Now we use (2.2) and obtain

P(C(v, v)) = w1 (0).Fi (V) - w (0) 94(v) =64 (0)

AVAON
By distinguishing whether or not ruin occurs at the first time when the surplus falls below the
initial capital v, the law of total probability yields
P(z(v) <o, 8(v, v,7(v)) =1) = P(B(v, v)) + P(C(v, V))
63 (V) =54(0) _ v, (0)5, Oy (V)
64 (Vw4 (0) 54 (Vy4(0)
Let us find P(z (V) <o, @ (v, v,7(v)) =2). Then
PAAW, V) = [ P(Ta(v=Y,v) <z (v-Y)) dy P(-Ru(0,7(0)) <,7(0) < c)

0

Analogously to P(C(v, v)) we obtain

PAAW, V) =14 (0) [ da(v-y,v) dy Fi(y) = v (0)

=y (0) - wu (0)

34 (V) =5,(0)
84 (Vw4 (0)
By distinguishing whether or not ruin occurs at the second time when the surplus falls below
the initial capital v and applying the law of total probability, we obtain
P(z (v) <, 6(v, v,z (V) = 2) = P(A(v, V))(P(B(v, v)) + P(C(v, V))).

Analogously
P(z(v) <o, 8(v,Vv,7(V)) =k) = Pk'l(A(v, V)(P(B(v, v)) + P(C(v, Vv))).

Finally applying (3.9) we can calculate
yv,v) = i P X AW, V))(P(B(Y, V)) + P(C(V, v)))
_ F’7(B(V, V) +P(C(v,V)) _w,(0) + P(A(v,V))
~ 1-P(A(v,V)) 1-P(A(v,v))

=1- 3,(0)63 (Vw4 (0)
84 (Vw4 (0) -, (0)5; (v) + v, (0)5,(0)
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_ O, 5,0 |
03 (Vw4 (0) =y, (0)5, (V) + v, (0)5, (0)

b) Analogously to Asmussen (1996) we obtain w (u, v) =1 -qq (u, v) + v (v, V) gq (U, V).
Now, we replace v (v, v) with the expression in a) and gq(u, v) by (2.5) and come to (3.7).

c) As above, by distinguishing whether or not ruin occurs at the first time, when the surplus
falls below the critical level v, or there is no ruin before the first up-crossing of level v and
applying the law of total probability, we obtain

w (u, v) = P(B(u, v)) + P(C(u, v)) + P(A(u, v)) v (v, v). (3.11)

We found w (v, v) in a). To find P(B(u, v)) we consider an auxiliary risk-reserve process R,
with initial capital u - v and premium income rate c,.

P(B(u, v)) = P(z(u - v) <o, -Ry(u-v, 5(u -v)) >v)
= y(U-Vv)-P(r(u-Vv)<oo, -Ry(U-v, g(u-v))<v)

=y (U-V)-Gy(u-v,v).

By Total probability, (2.5) and (2.2)

PCU V)= (1-qu(v-y,v)dyGu(u-v,y)

0

¢ S (v-y)

:Gu(U_VaV)"([ WdyGu(u—v,y),
and
PAE )= |ty dyBuu-vy)= [ VD d ooy

Substituting these expressions in (3.11) and using (2.5), we obtain
w (U, v) =y (U -v) =P (AU, v)) 8(v, v)

5,0, (0)[ 8, (v=y)d, G, (u-v,y)

S Y (0 -y, (005, (V) +v, (0)5, (0)

= yu(u-v)

Note: 1. As a consequence we obtained the obvious result that for u > 0, it is true that

y (U, 0) = ya (u).

2. ltis interesting to note, that if u <v then

!//(U,V) _W(V1V) — V/(O!V) _V/(V!V) — 1 .
veW-v,()  vi@-ve) 4, wya-re

u

https://digitalcommons.pvamu.edu/aam/vol2/iss2/4 10
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3. If we compare the two - step premium function model with initial capital u and
critical level v < u and the Model of Cramer -Lundberg with initial capital u - v and
premium income rate c, it is interesting to mention that the following relation holds

v (U - V) = P(A(u, v)) + P(B(u, v)) + P(C(u, v)).
Now we are ready to obtain our main result.

Theorem 2:

For the two-step premium function model with net-profit condition (2.1), initial capital u > 0
and critical level v>0

i) forx <0, P(n (u,v)<x)=0and for x>0,
P(n (U, v) <x)=(1-y(0,Vv)) + v (u,v)(1-y(0 V) i Ky *Kz =€ (0 ( (0, )) , (3.12)

where K; (X) = P(r(u) < x| m1(u) > 0) and K5 () = Pl(zm(O) < x| m(0) > 0) are determined by
(3.1), (3.2) and (3.3).

i) forx >0
1 7 oyt
W(u,v)w u)je 7194 Gy (u, y)
Ee-xn(u,v) — (l _ l//(o, V)) (1 + d 0 (Ee_ylf(x) _1) );
1-y (O~
- f(x)

where the function f(s) satisfies the equation s = c4f (s) + A (Ee"* ¥ - 1), s<0.

iii) If DY, < 1, then

4 E(Y, )y (0,v)
25(0,v)

_ywuv)| 1 %
S i 1 ] L

Proof:

1) By total probability (3.4), (3.5) and

N (u,v,0)

P(7(u, V) <) =P( Y77, (U) < X),
we have (3.12). 7

ii) By (3.6) in Dickson and Reis (1996) for all u > 0 and for all x> 0
1 T oviw

——]e " Td,Gy(u,y),

Wy (u) i[ e

where the function f(s) satisfies the equation s = cqf (s) + A (E e ¥ - 1), fors < 0.

Ed(efxm(u) | 771(U) S O) -

By Reis (1993) we have for k = 2,3,...
500 _q)

Eq (e | m (u) > 0) = Eq(e @ 17, (0) > 0) = p(Ee 0
—f(x

where f(s) is the same function as above.
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These formulae and the law of the total expectation yield

N(i,m
7i (u)
Ee'XU(U: V) = E e i=1

=1 (0,%) + v (U V(- (0, V).E(e O (u) > 0)
3 RV (E(e O py(0) > 0)

k=1

SRl )
\y(u,v)lTe‘y”X)dde uy)
=@y |1 —YeWo
1y
iii) By Reis (1993), we have for all u>0
Eo (W) @) > 0) = — [ d, Ge(u, )

404 Q)4 (U) 5

If the variance of Y1 is finite, by Reis (1993) we have for k = 2,3,...

E(Y,
Eq (m(u) | () > 0) = gc 5( (10;-
By these formulae and the law of the total expectation we obtain
N (u,v,0)
En(u,v) =E Zn. (u) = Z_',(Z_',E(nk(U)l m(u) > 0)y (U, V)(L - ¥ (0,v) '™ (0, V)
1 (i-Du EYS).
=y (uv)I- (O ))Z(mj x d,Gy (U, x) + 26,5, (0) ) v (0,v)
=y (uv)I- (O V))[(1 V0, v))cdS 0. ) ! d, G, (u,x)
H"E(Yl ) _ M-E(le)
2¢,8,(0)(1-w(O,v))*  2¢,5,(0)(1-y(0,v))
_ w(u,v) 1 TXd G, (U, X)+ H E(Y12) _H E(Y12)
O\ way T 20-p(OVv) 2

_yy) [ 1 TX 0.6 (X~ E(Y,")w(0,v)
CsSe (O) | wy(u)y ™ 4 26(0,v) |
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4. A Numerical Example

Let
1-e#, x>0

P(Y1<X)={ 0 x<0

As it is known, in this case the integrated tail distribution of F is also exponential with the
c
same parameter U, p = 7” -land

P

1+p
Sou(u)=1- S
1+p

According to the above lemmas

qcL(0, v) =P

P
1+ p-e

_vut—
1+p

and

Because of 1 (0) = 1 and by (2.9)
1+p

1-e™

GCL(O, V) = 1+p

When we substitute these expressions in Lemma 2 we obtain

s

e 1+p
Ger(u,v) = @-e™)
+p
So we obtain the well known result that in this case
Ger(u, v) = wer(u). Fi(v). 4.1)

Let us remind, that (4.1) is not correct for any claim size distribution function F. In general
case, as is shown in Bowers et al. (1987) or in Gerber and Shiu (1997), (4.1) is correct only
foru =0.

When we apply Theorem 1 for the exponential claim sizes, we obtain
a) Ifu<vthen

W (U) =y, (L-L2)

w(u, V)= Pu_
1-y, (v)(1-22)
Pu

C 1 C U
where pg= 4= -1, p,= *Z-1and
Pd 2 Pu 2
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Pd
L+py

ZACEAOIAY,

wa(V) = —;
1+ py
b) Ifu>v
w(u, v)=
_ efy(ufv)lf—;u
_ e—;z(u—v)lf;u

u

1-y, (-2
Pu

w (v, V).

8, W, (0) -y, (0) +y, (0)5,(0)

W) 2L

120

It is interesting to note that when the claim sizes are exponentially distributed and u > v

puv) )
w(v,v) (V)

Let A =1 and p = 4. By net profit condition (2.1) min(cy, ¢,) should be greater than 0.25.
Table 1 and Table 2 show values of  (u, v) and E#(u, v) for different cases of ¢, ¢4, u and v.

Table 1. Values of  (u, v) and E#(u, v) Table 2. Values of  (u, v) and E#(u, v)
forc,=0.26 andcy=0.3;0.350r 0.4 forc,=0.3andcy=0.3;0.40r0.5
C | Cq | U v w (U, V) E7x (u, v) Ch | C4 | U v w (U, V) En(u,v)
0.26] 0.3 1 1 0.7898 | 947.9360| [03| 03] 1 1 0.4278| 162.5821
10 0.4303 | 164.3766 10 0.4278| 162.5821
100 0.4278| 162.5821 100 0.4278| 162.5821
10 1 0.1976 | 237.3822 10 1 0.0011 0.4030
10 0.0053 2.0173 10 0.0011 0.4030
100 0.0011 0.4030 100 0.0011 0.4030
0.35 1 1 0.7468 | 281.5653 04| 1 1 0.3271| 18.8464
10 0.2278| 20.5082 10 0.1395 5.2684
100 0.2278| 205011 100 0.1395 5.2684
10 1 0.1870| 70.5096 10 1| 10%8.1087 0.0467
10 | 10°7.7710 0.0070 10 | 1075.7357 | 10°2.1668
100 | 10°7.7715 | 10™6.9944 100 | 1071.9119| 10°7.2227
0.4 1 1 0.7085| 125.1359 05| 1 1 0.2663 5.5015
10 0.1359 5.2685 10 0.0677 0.8120
100 0.1359 5.2684 100 0.0677 0.8120
10 1 0.1774| 31.3365 10 1| 10%6.6001 0.0136
10 | 10°2.8678 | 10*1.0834 10 | 10°5.1529 | 10°%6.1835
100 | 1071.9119 |10°7.2227 100 | 10°1.0306 | 10®1.2367

Let us remind, that when c, = ¢4 our model coincides with the Model of Cramer-Lundberg. In

this case, v has no effect neither on the probability of ruin nor on the expected value of the
total duration of negative surplus.
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When we compare rows 4, 7, 16 and 17 from Table 1 crrespondingly with rows 4, 7, 10 and
13 from Table 2 we can see that in the two-step premium function model, when the critical
level v is large enough, the calculated values do not depend on c,. The reason for this is that in
this case the probability of the the event “the risk reserve process will rich this critical level
before the last down-crossing of zero level” becames as smaller as v decreases.
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