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An asset allocation strategy for a risk reserve considering

both risk and profit

Nan Wang*

Faculty of Actuarial Science and Statistics

Cass Business School, City University, London

Abstract Consider the risk reserve of an insurer
Nt
Re=U-+ct—Y Y, t>0
i=1
where U is the initial reserve, c is the premium income rate and Zf\ﬁl Y, is the claim process.
With a utility-based approach, we show that there are investment strategies which will chang

the above reserve process into
Nt
Ry=pBy+ U+ (c+eco)t— Y Y,
i=1
which is almost the same as Gerber’s extension of the classical risk model (Gerber (1970)).
Here B; is the Brownian motion underlying the dynamics of the stock index (Black-Scholes
model), p and ¢y are positive and related to the market return, market volatility and the utility

choice. Properly selected utilities will make this process both safer and more profitable than

the original process without investment.

Keywords. Risk reserve, optimal investment strategy, martingale approach, ruin probability,

adjustment coeficient.

1. Introduction

Consider the risk reserve process (collective risk model) of an insurer
Nt
Ri=U+ct—>Y, t>0 (1)
i=1

where U is the initial reserve of an insurer, ¢ is the premium income rate, N; is the

number of claims by time point ¢ and Y;,7 > 1 are the amounts of successive claims.

* E-mail address: n.a.n.wang@Qcity.ac.uk (N. Wang).



The claim process {SN, Y;, ¢ > 0} is assumed to have independent increments and, for

any finite ¢,

Ny 2*
E <Z Y;) < 00. (2)
i=1
Here, by E (')2+ < 00, we imply that there exists a positive € > 0 (which could be related
to the item inside the bracket) such that F(-)*T¢ < .
In this paper, we consider whether the insurer may get a better situation by investing
the risk reserve with a proper investment strategy. We adopt the basic and standard
Black-Scholes market model, where there are two types of assets, a riskless asset (bond

or money market account) and a risky asset (stock index) with price dynamics
dX” =rx©Qat, axV = uxMdt + oxMdB, (3)

respectively. Here r (interest rate), p and o are constants and B; is a standard Brownian
motion. Througout the paper, we assume that @ > r and the two processes {B;,t > 0}
and {S N Y;,t > 0} are independent of each other. Without losing any generality, we
also assume Xéo) = 1, and consequently Xt(o) = ¢". The other part of (3) is Xt(l) =
X$Ver=050")t40B: For simplicity, we also use notation X, = (X, X{")) from now on.

Nipp and Plum (2000) consider a similar problem without the riskless asset, or
say r = 0. Their target is to find an investment strategy which minimizes the ruin
probability. In this work we will make a change and take the the potential earning into
consideration as well.

Denote the numbers of units invested in the bond and the stock at time ¢ as Qt(o), 9,51).
Then, regarding to the reserve process (1), {0; = (050),0£1)),t > 0} is an admissible
strategy if {0;,t > 0} is integrable with respect to {X;,t > 0} and

t N
Qt-Xt:U+/05-dXs+ct—ZYi, (4)
0

i=1
where the product 6, - X; is the inner product of vectors. More rigorous mathematical
description of admissible strategy {6;,¢ > 0} will be given in the next section. Condition
(4) is actually a self-financing requirement with respect to the premium inflow ¢t and
the claim outflow ZZN:H Y.

Corresponding to an admissible strategy, the reserve at time ¢, which we still denote

as Rt, is Rt = Qt . Xt.



Let time 0 be the starting time and consider the expected exponential utility of the
reserve at a future time T: E(1 — e~*%7). Note that Ry is possible to be negative due
to the claims. So, other frequently used utility functions, like power utility function and
logarithm utility function, are not suitable for the problem since they either lose the
concaveness on (—oo,0) or lose the existence on (—o0,0). In this paper we confine the

admissible strategies by requiring
T ot
E/ 16 - X¢|)* dt < oo. (5)
0

This requirement will save us many mathematical troubles and it does not quite affect

the real applications. The problem is reduced to an optimization problem

max F [1 - e_aRT] : (6)
{0:,0<t<T}eA

Here A is the set of all strategies which satisfy (4) and (5).

Gerber (1970) has proposed to modify the standard form of risk reserve (1) by
Nt
Rt:th+U+ct—ZE/i, t>0
i=1

where W, is a standard Brownian motion and pW; is used to represent the uncertain
environment. In this paper, we show that the optimal solution of (6) provides a R; in a
similar form

ve—"(T—t)

t Ny
Rt—(Bt+vt)+ert<U+c/ e_”ds—Ze_in), 0<t<T
« 0 i=1

where v = o7 1(u — 7). If there is no riskless asset (which can also be understood as
the situation that the insurer invests only part of the reserve in the stock and holds the

rest), we obtain by setting r =0
v v? N
R, = ()Bt+U+ <c+>t—ZYi,
a o' =
and it is free of the target time 7. Clearly this process brings (in average) more profit
than (1). With properly selected «, we will show that it is even safer than (1).

2. The martingale approach

In this paper we adopt the martingale approach as suggested in Karatzas et, al (1987)
and Cox and Huang (1989) to tackle the problem. The basic idea of this approach is to

transform a dynamic optimization problem into a static optimization problem.



Let {F;,t > 0} be the augmented filtration generated by Brownian motion {B;,t >
0}. In the studies of investment choices, it is usually assumed that the consumption
process is a JF;-adapted process. For the problem of this paper, the claim process
{>M Yt > 0}, if viewed as a consumption process, is certainly not a F-adapted
process. Let {G,,t > 0} be the filtration generated by claim process {3~ Vi, t > 0}.
We can assume that {G;,t > 0} is a right-continuous filtration, because we can replace
{G,,t > 0} with {Gy+,t > 0} otherwise (with respect to {G,+,t > 0}, {N, Y;,t > 0}
still has independent increments due to condition (2) and the fact that each path of
{>N Y;, t > 0} is right-continuous). Let (Qy, Fr(F,), P1) and (Q2,Gr(G,), P,) be the
two complete propability spaces containing process {B;,0 < ¢ < T’} and the claim pro-
cess {XMY;,0 < t < T} respectively. Then the probability space we will be working
on is the product space (2 = Q; ® Qo, Fr @ Gr(F: ® G;), P = P, ® P»). The asset price
process { X, 0 < ¢ < T}, by definition (3), is a semimartingale in (2y, Fr(F;), P1), which
certainly can be viewed as a semimartingale in product space (0, Fr ® Gr(F; ® G;), P)
as well. A strategy {0;,0 <t < T}, in mathematical terminology, is an F; ® Gi-adapted
process integrable with respect to the semimartingale {X;,0 <t <T'}.

Denote X, = e X, and R, = e " R,. Then, we have

Lemma. For any {6;,0 <t <T} € A, condition (4) is equivalent to

t
0

. . t ) Ny
o= X = U+ [0,aX,+c [ emds—3 e (7)
0 i=1
where t; is the time point when the i-th claim arrives.

This equivalence is well known if all the processes got involved are continous processes
(see Chapter 9 of Duffie (1996)). Although the claim process here is a process with
jumps, it does not change the equivalence. For completeness, we write out the proof

below.

Proof: We present only the derivation of (7) from (4). One can easily get the other half
of the proof by reversing the derivation.
Denote

t N
li= [ 0,-dX,, J=Utct-3 Y.
0

i=1
Then {I;,0 < t < T} is a continous semimartingale (in (2, Fr®Gr, P)) and {J;,0 <t <

T} is a process with finite variation with probability one. Since 6; - X, =e "t 0 - Xy),



we have from (4)
et . Xt — 90 . Xo = G_rt[t — G_TOI() + e_rtJt — 6_T0J0.

With integration by parts formula (see page 155 of Karatzas and Shreve (1991) and note

that the cross-variation term is zero in this case), we have

t t
e e R A
0 0

t t
- / e %0, - dX, + / Lde™™,
0 0

and
t ¢
e, — e 0y = / e, + / JudeT
0 0
t Ny t
= c/ e "ds — Ze_in +/ Jsde™".
0 = 0

Here the integral fot e "d.J, is simply the Riemann-Stieltjes integral along the paths
(since almost surely each path of {J;,0 < t < T} has finite variation). From (4),
I+ Jy, =0, - X,. Thus, summing up the above two equalities, we get
0, X; — 0 Xo = /Ot e "0, - dX, + /Ot 0 Xyde ™ + c/ot e "ds — Y e Y.
i=1

Again by the integration by parts formula, we have
t t t t R
[ o, ax, + / 0, - Xode ™™ = / 0, (¢7°dX, + Xode ™) = / 0, - dX,.
0 0 0 0

The equivalence (7) thus follows by noting that 6 - Xo=U. o

Now we set to introduce a static program.

Define

&t = exp <—UBt - U;) (8)

where v = 0~ !(u — r), and define a probability measure Q; on (€, Fr) as
Q1(A) = Ey[14&7], YA € Fr (E) is with respect to P). (9)

Confined on F; for any 0 < ¢ < T, the Radon-Nikodym derivative dQ;/dP; is &. By
Girsanov’s theorem (see page 191 of Karatzas and Shreve (1991)), {B, = B, + vt,0 <
t < T} is a standard Brownian motion in probability space (21, Fr(F;), Q1) and the



discounted stock index {Xfl),O < t < T} is a martingale in (Qy, Fr(F:), Q1) with
dynamics

dX" = o XNdB,.

In probability space (2 = O ® Qu, Fr @ Gr(F @ G,),Q = Q1 ® Py), {B,,0 <t < T}
is still a standard Brownian motion and {X",0 < ¢ < T} is still a martingale (with
respect to filtration {F; ® G;,0 < t < T'}). Note that dX” = 0 and, from condition

(5) and the fact that £ has moments of any order under P, one can prove by Holder’s

B (oo ar) < .

Here E is the expectation under measure () (expectation under physical measure P is

inequality that

simply written as F). So, according to the theory of Ito’s integration, { f; 0,-dX,,0<t<
T} is a zero mean martingale in (Q, Fr @ Gr(F; ®G;), @), and hence EQ(fOT 0, - dXt) =0,

which, expressed under probability measure P, is

o </0T0t.dXt> _ E[& (/OTgt.dXtﬂ

—rT o T —rt A —rtiy
ér e Ry ce” "tdt + Z e "Y, - U
0

=1

(by (7)) = E

= 0.

Recall the independence of the stock index and the claim process and note that F¢ = 1

for any t. We have

i=1

Nr T
E (eTTRTfT + Z e”iYi) =U+ C/o e "dt (10)

for Ry corresponding to any strategy in A. Also, under the condition (5), f(f 0, -dX, is

square-integrable. Together with condition (2), we have thus from (4)
E(R3) < oo. (11)
Write (11) and (10) as constraints:

V e L*(Q, Fr ® Gr, P)

Nrp T
E (e—’”Tng +3 e‘”iYi) — U et
0

=1



A static program is then introduced as

max F (1 = e‘av)
st. VeL*Q,Fr®Gr,P) (12)
E(e7TVer + M eY;) = U + ¢ fy e "tdt.
This optimization problem is not equivalent with the original problem (6), but it is
helpful for the solving of (6).
Program (12) can be viewed as a functional optimization problem in Hilbert space

L3(Q), Fr&Gr, P) and be solved by Lagrange multiplier method (see for example Chapter
8 of Luenberger (1969)).

Proposition 1. The solution of program (12) is

T Np
U+ C/ e "dt — F Z e Tty
0 i=1

vBr 4+ v*T
_vBr T
«

v et : (13)

Proof. Program (12) is the same as
min £ (e*av)
st. Ve LQ(Q,fT@JgT;P)
E(e7TVer + XN eY;) = U+ c g edt,
which is a constrained convex program on Hilbert space L*(Q), Fr ® Gr, P). It is easy to

check that the optimal value min & (e‘av> is finite by choosing a special V' (constant):

VzerT

T Nt
Use[ ertd—E(> ey,
0 i=1

which clearly satisfies the constraints. Let

Nr T
F (erTfTV + Z e”iYZ) - c/ e "tdt — U
i=1 0

Then, by the theory of convex program (see page 216-218 and Problem 7 of page 236 of

HV)=E(e") + )

Luenberger (1969)), the optimal value must be achieved at a V' such that for any (unit
norm) h € L*(Q, Fr ® Gr, P)

SH(V,h) =0, and A = 0.

Ny T
E (e_TTéTV + Z e_mY;) — c/ e "tdt — U
0

i=1

Here 6 H(V, h) is the Gateaux derivative of functional H (at V') along direction h. It is
easy to verify that
SH(V,h) = E |(Ae " ér — ae V) h] .

7



So, in order to have 0 H(V,h) = 0 for any h, the term inside the bracket must be zero,

i.e., ae™ = e "T¢p, and hence

2
av:rT+vBT+U2—1og<A>.

(67

From this equation, together with

Ny T
E (e_TT\/{T + Z 6_rti§/i) - U — c/ e "tdt =0,
i=1 0

one can obtain

UBT+U2T
=———+
[0

erT

V

T Nrp
U+ c/ e "dt — F Z e iy,
0

=1

by noting at the facts By = 1, E(vByp - e ?Br) = —02T . e?*T/2.

3. The optimal R; and the optimal strategy

The feasible set of program (12) is larger than the set of outcomes corresponding
to strategies in A. This means that, for a V € Fr ® Gr which is feasible to program
(12), there may not exist a admissible strategy in A such that the outcome Ry of this
strategy is V. The optimal solution V* is unfortunately one which is not attainable via
an admissible strategy. The reason is as the following.

If a strategy {6;,0 <t < T} € A exists and leads to an outcome Ry which is equal

to V*, then {[!0*-dX,,0 <t < T} is a martingale under Q and, according to (13) and

(7),

t R [T N
/eg-dxs — E° / 0% dX,
0 0

-ﬂ@gt]

. T Nt
= E9|V*-U-— c/ e "ds + Ze_”"Yi
0

=1

Fi ® Gy

ve "I By

I Ny Ny
= Fe|—— _E (Z e‘”"’Y,-) + Ze‘”iY;-

o i—1 i—1

Fi ® Gy

where V* = V*¢~"T. Note that the probability law of the claim process is the same under

both measure () and measure P, and the claim process has independent increments. So

t . ve~ T . Ny N
/ 07 dX, = E?[Br|Fi@G)+Y e ™Y~ E (Za”%)
0 i=1 =1

(0%

ve T N N
= Bi+YeYi-E (Z e”lY}) |

i=1 i=1



Taking into account dXt(O) =0, dXt(l) = aXfl)dEt, we further have

¢ Ue—rT . Nt N
/ <a0;<1> — ) dXM =Y ey, — E (Z e‘rtiYi> : (14)
0 i=1

O-(1
ao é) i=1

Since {0;,0 < t < T'} satisfies requirement (5), the left side of (14) is a continuous process
(it is a continuous semimartingale in (2, Fr ® Gr, P) and a continuous martingale in
(Q, Fr®@Gr, Q)), while the right side is a martingale with jumps. The equality therefore
can not hold, and hence the existence of strategy {6;,0 <t < T} is not true.

Although (13) is unattainable, it provides a clue and an attainable outcome which
is almost the same as (13) is

vBr + v*T LT
a

T Nt
V= U+ c/ et — 3 ey | (15)
0 i=1

The evidence is intuitively as the following. Let us temporarily forget about the claim
process and consider an investment problem with initial fund U and continuous input
rate ¢. With the same procedure as in the proof for Proposition 1 one can see that the
optimal outcome corresponding to the exponential utility function 1 — e™** is

M + e [U + C/T e‘”dt} :

a 0
Now bring back the claim process. If the insurer pays the claimer by selling (or short-
selling) the riskless asset, the bond, whenever a claim arrives, then the final result at
time 7" is exactly of form (15). In fact, we have

Proposition 2. V7 of (15) is the optimal reserve (at time 7') determined by optimiza-

tion problem (6).
We present the strategy to realise V' first and present the proof of Proposition 2 later.

Proposition 3. Let {0;",0 <t < T} be the strategy which leads to the outcome V7 at
time 7. Then, the amount put into the stock at time ¢ (0 <t <T) is

—r(T—t)
D o — 16
HOx0 = (16)
and the total reserve at time ¢ is
ve—T(T—) t N
Rf = (B; + vt) + €™ (U + c/ e "ds = e_rtiY,) . (17)
« 0 i=1

The amount in the bond is VX = Rf — ;M xM.

9



Proof: By (15) and (7),

ve T
Fi®G| ="—B (18

¢ . . T Nt
/ or . dX, = EQ |V —U - / e f(s)ds + 3 e Y,
0 0 i=1

where V+ = V+e T, Comparing the coefficients of both sides and bearing in mind the

facts dXt(O) =0, d)A(t(l) = aXt(l)dBt, we see that the units in the stock GZF(I) follows

Ue—rT

o XMW =" >0
(0

or,
grn v v
ac XV ao XV N

Bringing (18) back to (7), we get

Ue—TT

o R R t N
Rf=60"-X,=U+ Bt—i—c/o e””sds—Ze’in
i=1

or,
,Ue—r(T—t)

t Nt
Rf=0" X, = — (B, + vt) + e (U + c/o e "Pds — Ze""t"Yi> :
i=1

The units in the bond 6, ©) g easy to write out from

67 Ox = R — 67V x V.
It is easy to check that strategy {0;",0 < t < T} satisfies (5) directly from the above
expression of 01 - X;. &

Note that Xt(l) = Xél)e(“*o'f"’Q)t*"Bt. Thus, (17) can be changed into an expression

in terms of the price process Xt(l).

Proof of Proposition 2: Since V7T is attainable, what we need to show for the rest is
E(l1—ef)<E(1-e"")

for any Rp corresponding to a strategy in A.
Consider conditional expectation E[ - | Nr, (¢;,Y;)i<n,]. With the same procedure
as in the proof of Proposition 1, we can prove that, for given Nr, (¢;,Y;)i<n,, VT of (15)

is the solution of program

max FE; (1 — e*av)
st. Vel*QFr,P)
By (e7Ver) = U+ el ertdt — TN ey,

10



On the other hand, for the given Ny, (¢;,Y;)i<n;, the condition (10) for Ry (correspond-

ing to a stategy in .A) becomes
T Nt
E (e_TTRT5T> =U+ c/ e "tdt — Z e iy,
0 i=1
and requirement (5) leads to E;(Rr)? < co. We conclude therefore
E [1 - G_QRT‘ Nr, (ti,Yz‘)z‘gNT] <FE {1 - €_W+’ Nr, (ti,Yz‘)z‘gNT] :
for a Ry such that F (1 — e‘O‘RT> is finite. And hence

E(1—e°f) = E{E[1-e | Np, (t, Y)ien ]}
< FE {E [1 — e’a‘ﬁ‘ Nr, (t;, Yi)igNTH
= F (1 — e_o‘v+) .

If E(1—e~*f7) is infinite, it must be —oo. So we still have E(1—e ) < E(1—e V7).

The proof is thus completed. <

4. Improvements resulting from the investment

For the purpose of comparing with the classical model (1), we consider the case
r = 0. As mentioned in the introduction, this can be understood as the situation
without riskless asset, or, as in Nipp and Plum (2000), a preference of investing only
part of the reserve in risky asset and holding the rest.

Setting r = 0 in (17) gives

v v? L

Rj:<a)Bt+U+<c+a>t—;Yi. (19)
The expression is free of the target time 7! In fact, the amount of the reserve invested
into the risk asset (stock) is fixed regardless of the target time 7. In the following, we
consider the risk associated with process R;” with no restriction on the time horizon. We
will be satisfied with the comparison of adjustment coefficients with respect to (19) and

(1) since few explicit results are available for the exact ruin probability of the model.
Suppose Y;,7 > 1 are i.i.d. random variables whose moment generating function
M(y) = E(e") exists in [0,a) for some positive a. Suppose also {N;,t > 0} is a
Poisson process (independent of the claim amounts) with arrive rate § and ¢ > SE(Y))

(positive loading). Corresponding to R;" of (19), define the time of ruin as
T=inf{t >0: R <0} (inf{0} := o).

11



By this definition, 7 is an optional time of filtration {F; ®G;,t > 0}. It is also a stopping
time of filtration {F; ® G;,t > 0} since the filtration is right-continuous. A adjustment
coefficient (with respect to (19)) is a positive constant y such that {e?@~2) ¢ > 0} is a
martingale. If such a v exists, applying optional sampling theorem to F [eV(U*RjAT)] and
then setting 7' — oo ( see Proposition 1.1 of Asmussen 2000 and check the requirement
there by the iterated logarithm law of Brownian motion and the fact that {30 [c(t; —

ti1) —Y;],n > 1} is a random walk with positive drift), we get
P< min R < O> =P(r<o0) <e Y,
0<t<o0o

which is generally called Lundberg inequality.

Now we solve v and make comparison with the adjustment coefficient of model (1).

Clearly,
E [eV(U_R:lS) Fs® gs}
+ Mot v? v

=) plexp v Y Yi—n <c + ) t—~ () (Birs — Bs)
i=Ng+1 a @
N 2

ol (2]
i=1 @ «

since {R;",t > 0} has independent increments and {N;,t > 0} is a Possion process. A

simple calculation gives

Eexp {’y E;Y . <c+ i) t— <Z) Bt” — exp lﬁt(M(fy) 1)y <c+ i) ¢+ 722;?5]

The adjustment coefficient is thus the solution of equation

pMG) — 1= (e+ ) + 25 o 20

202

The adjustment coefficient for the classical collective model (1) is well known to be the
solution of the equation

BM(y) =1) ey =0, (21)
The left side of equation (21) and the left side of equation (20) are both convex about
and, with the positive loading requirement, they go down first from 0 to negative values
and then go up to positive infinity. So, there must be solutions. To distinguish, denote
70 and 7, as the solution of (21) and (20). The Lundberg inequalities of model (1) and
(19) are then

P( min R; < O) < e Y, P( min R} < O) <e MY,

0<t<o0 0<t<oo

12



Comparing the two equations, one can easily see that
7 2>, i 2a > 7. (22)

This shows that a properly selected « will increase the degree of safety of the insurer.
For whatever «, the average earning speed of (14), ¢ + a~'v? — BE(Y}), is always
greater than ¢ — SE(Y7), the average earning speed of (1). For the best earning speed

without compromising on safety, the choice of « should be ~,/2.

References

Asmussen, S. (2000). Ruin Probabilities. World Scientific.

Cox, J. and Huang, C. F. (1989). Optimal consumption and portfolio policies when
asset prices follow a diffusion process. Journal of Economic Theory 49, 33-83.

Duffie, D. (1996). Dynamic Asset Pricing Theory. Princeton.

Gerber, H. U. (1970). An extension of the renewal equation and its application in the
collective theory of risk. Scandinavian Actuarial Journal 1970, 205-210.

Hipp, C. and Plum, M. (2000). Optimal investment for insurers. Insurance: Mathe-
matics and Fconomics 27, 215-228.

Karatzas, S., Lehoczky, J. and Shreve, S. (1987). Optimal portfolio and consumption
decisions for a small investor on a finite horizon. SIAM Journal of Control and opti-
mization 25, 1557-1586.

Karatzas, S. and Shreve, S. (1991). Brownian Motion and Stochastic Calculus. Springer.
Luenberger, D. (1969). Optimization by Vector Space Methods. Wiley.

13



N 7

FACULTY OF ACTUARIAL SCIENCE AND STATISTICS

Actuarial Research Papers since 2001

135.

136.

137.

138.

139.

140.

141.

142.

143.

144.

145.

146.

147.

148.

Renshaw A. E. and Haberman S. On the Forecasting of Mortality Reduction Factors. February

2001.
ISBN 1901615 56 1

Haberman S., Butt Z. & Rickayzen B. D. Multiple State Models, Simulation and Insurer

Insolvency. February 2001. 27 pages.
ISBN 1 901615 57 X

Khorasanee M.Z. A Cash-Flow Approach to Pension Funding. September 2001. 34 pages.

ISBN 1 901615 58 8

England P.D. Addendum to “Analytic and Bootstrap Estimates of Prediction Errors in Claims

Reserving”. November 2001. 17 pages.
ISBN 1 901615 59 6

Verrall R.J. A Bayesian Generalised Linear Model for the Bornhuetter-Ferguson Method of

Claims Reserving. November 2001. 10 pages.
ISBN 1 901615 62 6

Renshaw A.E. and Haberman. S. Lee-Carter Mortality Forecasting, a Parallel GLM Approach,

England and Wales Mortality Projections. January 2002. 38 pages.
ISBN 1 901615 63 4

Ballotta L. and Haberman S. Valuation of Guaranteed Annuity Conversion Options. January

2002. 25 pages.
ISBN 1 901615 64 2

Butt Z. and Haberman S. Application of Frailty-Based Mortality Models to Insurance Data. April

2002. 65 pages.
ISBN 1 901615 65 0

Gerrard R.J. and Glass C.A. Optimal Premium Pricing in Motor Insurance: A Discrete
Approximation. (Will be available 2003).

Mayhew, L. The Neighbourhood Health Economy. A systematic approach to the examination of
health and social risks at neighbourhood level. December 2002. 43 pages.

ISBN 1 901615 66 9

Ballotta L. and Haberman S. The Fair Valuation Problem of Guaranteed Annuity Options: The
Stochastic Mortality Environment Case. January 2003. 25 pages.

ISBN 1 901615 67 7

Haberman S., Ballotta L. and Wang N. Modelling and Valuation of Guarantees in With-Profit and
Unitised With-Profit Life Insurance Contracts. February 2003. 26 pages.

ISBN 1901615 68 5
Ignatov Z.G., Kaishev V.K and Krachunov R.S. Optimal Retention Levels, Given the Joint

Survival of Cedent and Reinsurer. March 2003. 36 pages.
ISBN 1901615 69 3

Owadally M.I. Efficient Asset Valuation Methods for Pension Plans. March 2003. 20 pages.
ISBN 1901615 70 7



149.

150.

151.

152.

153.

154.

155.

156.

157.

158.

Owadally M.I. Pension Funding and the Actuarial Assumption Concerning Investment Returns.

March 2003. 32 pages.
ISBN 1901615715

Dimitrova D, Ignatov Z. and Kaishev V. Finite time Ruin Probabilities for Continuous Claims
Severities. Will be available in August 2004.

lyer S. Application of Stochastic Methods in the Valuation of Social Security Pension Schemes.

August 2004. 40 pages.
ISBN 1901615 72 3

Ballotta L., Haberman S. and Wang N. Guarantees in with-profit and Unitized with profit Life
Insurance Contracts; Fair Valuation Problem in Presence of the Default Option®. October 2003.
28 pages.

ISBN 1-901615-73-1

Renshaw A. and Haberman. S. Lee-Carter Mortality Forecasting Incorporating Bivariate Time

Series. December 2003. 33 pages.
ISBN 1-901615-75-8

Cowell R.G., Khuen Y.Y. and Verrall R.J. Modelling Operational Risk with Bayesian Networks.

March 2004. 37 pages.
ISBN 1-901615-76-6

Gerrard R.G., Haberman S., Hojgaard B. and Vigna E. The Income Drawdown Option:

Quadratic Loss. March 2004. 31 pages.
ISBN 1-901615-77-4

Rickayzen B. Haberman S, Karlsoon. {This number issued to Ben. Paper to be received in 2
weeks. 02 April 2004.

Ballotta Laura. Alternative Framework for the Fair Valuation of Participating Life Insurance

Contracts. June 2004. 33 pages.
ISBN 1-901615-79-0

Wang Nan. An Asset Allocation Strategy for a Risk Reserve considering both Risk and Profit.

July 2004. 13 pages.
ISBN 1 901615-80-4

Statistical Research Papers

Sebastiani P. Some Results on the Derivatives of Matrix Functions. December 1995.

17 Pages.
ISBN 1874 770 83 2

Dawid A.P. and Sebastiani P. Coherent Criteria for Optimal Experimental Design.

March 1996. 35 Pages.
ISBN 1 874 770 86 7

Sebastiani P. and Wynn H.P. Maximum Entropy Sampling and Optimal Bayesian Experimental

Design. March 1996. 22 Pages.
ISBN 1874 770875

Sebastiani P. and Settimi R. A Note on D-optimal Designs for a Logistic Regression Model. May

1996. 12 Pages.
ISBN 187477092 1

Sebastiani P. and Settimi R. First-order Optimal Designs for Non Linear Models. August 1996. 28

Pages.
ISBN 1874 770 95 6

Newby M. A Business Process Approach to Maintenance: Measurement, Decision and Control.

September 1996. 12 Pages.
ISBN 1874 770 96 4

Newby M. Moments and Generating Functions for the Absorption Distribution and its Negative
Binomial Analogue. September 1996. 16 Pages.



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

ISBN 1874 770 97 2

Cowell R.G. Mixture Reduction via Predictive Scores. November 1996. 17 Pages.
ISBN 1874 770 98 0

Sebastiani P. and Ramoni M. Robust Parameter Learning in Bayesian Networks with Missing

Data. March 1997. 9 Pages.
ISBN 1 901615 00 6

Newby M.J. and Coolen F.P.A. Guidelines for Corrective Replacement Based on Low Stochastic

Structure Assumptions. March 1997. 9 Pages.
ISBN 1901615 01 4.

Newby M.J. Approximations for the Absorption Distribution and its Negative Binomial Analogue.

March 1997. 6 Pages.
ISBN 1901615 02 2

Ramoni M. and Sebastiani P. The Use of Exogenous Knowledge to Learn Bayesian Networks from

Incomplete Databases. June 1997. 11 Pages.
ISBN 1901615 10 3

Ramoni M. and Sebastiani P. Learning Bayesian Networks from Incomplete Databases.

June 1997. 14 Pages.
ISBN 1901615 11 1

Sebastiani P. and Wynn H.P. Risk Based Optimal Designs. June 1997. 10 Pages.
ISBN 1901615 13 8

Cowell R. Sampling without Replacement in Junction Trees. June 1997. 10 Pages.
ISBN 1901615 14 6

Dagg R.A. and Newby M.J. Optimal Overhaul Intervals with Imperfect Inspection and Repair. July
1997. 11 Pages. ISBN 1901615 15 4

Sebastiani P. and Wynn H.P. Bayesian Experimental Design and Shannon Information. October
1997. 11 Pages. ISBN 1901615 17 0

Wolstenholme L.C. A Characterisation of Phase Type Distributions. November 1997.
11 Pages. ISBN 1901615 18 9

Wolstenholme L.C. A Comparison of Models for Probability of Detection (POD) Curves. December
1997. 23 Pages. ISBN 1901615 21 9

Cowell R.G. Parameter Learning from Incomplete Data Using Maximum Entropy I: Principles.
February 1999. 19 Pages. ISBN 1901615 37 5

Cowell R.G. Parameter Learning from Incomplete Data Using Maximum Entropy Il: Application to
Bayesian Networks. November 1999. 12 Pages ISBN 1901615405

Cowell R.G. FINEX : Forensic Identification by Network Expert Systems. March 2001. 10 pages.
ISBN 1 901615 60X

Cowell R.G. When Learning Bayesian Networks from Data, using Conditional Independence Tests
is Equivalant to a Scoring Metric. March 2001. 11 pages. ISBN 1 901615 61 8



Faculty of Actuarial Science and Statistics

Actuarial Research Club

The support of the corporate members

CGNU Assurance
Computer Sciences Corporation
English Matthews Brockman
Government Actuary’s Department
Swiss Reinsurance
Watson Wyatt Partners

is gratefully acknowledged.

ISBN 1-901615-80-4



