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Abstract: Assume that claims in a portfolio of insurance contracts are described by
independent and identically distributed random variables with regularly varying tails and
occur according to a near mixed Poisson process. We provide a collection of results
pertaining to the joint asymptotic Laplace transforms of the normalised sums of the smallest
and largest claims, when the length of the considered time interval tends to infinity. The
results crucially depend on the value of the tail index of the claim distribution, as well as on

the number of largest claims under consideration.
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1. Introduction

When dealing with heavy-tailed insurance claims, it is a classical problem to consider and quantify
the influence of the largest among the claims on their total sum, see e.g., Ammeter [1] for an early
reference in the actuarial literature. This topic is particularly relevant in non-proportional reinsurance
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applications when a significant proportion of the sum of claims is consumed by a small number of claims.
The influence of the maximum of a sample on the sum has in particular attracted considerable attention
over the last fifty years (see Ladoucette and Teugels [2] for a recent overview of existing literature on
the subject). Different modes of convergence of the ratios sum over maximum Or maximum over sum
have been linked with conditions on additive domain of attractions of a stable law (see e.g., Darling [3],
Bobrov [4], Chow and Teugels [5], O’Brien [6] and Bingham and Teugels [7]).

It is also of interest to study the joint distribution of normalised smallest and largest claims. We will
address this question in this paper under the assumption that the number of claims over time is described
by a rather general counting process. These considerations may be helpful for the design of possible
reinsurance strategies and risk management in general. In particular, extending the understanding of
the influence of the largest claim on the aggregate sum (which is a classical topic in the theory of
subexponential distributions) towards the relative influence of several large claims together, can help
to assess the potential gain from reinsurance treaties of large claim reinsurance and ECOMOR type (see
e.g., Section 1).

In this paper we consider a homogeneous insurance portfolio, where the distribution of the individual
claims has a regularly varying tail. The number of claims is generated by a near mixed Poisson process.
For this rather general situation we derive a number of limiting results for the joint Laplace transforms
of the smallest and largest claims, as the time ¢ tends to infinity. These turn out to be quite explicit and
crucially depend on the rule of what is considered to be a large claim as well as on the value of the
tail index.

Let X, X5, ... be a sequence of independent positive random variables (representing claims) with
common distribution function F'. For n > 1, denote by X] < X3 < ... < X the corresponding order
statistics. We assume that the claim size distribution satisfies the condition

1—F(z) = F(z) = 2 *(), x>0 (1)

where o« > 0 and ¢ is a slowly varying function at infinity. The tail index is defined as v = 1/« and we
will typically express our results in terms of . Denote by U(y) = F* (1 —1/y) the tail quantile function
of F' where F'* (t) = inf {x € R: F'(x) > t}. Under (1), U(y) = y"¢1(y), where ¢; is again a slowly
varying function. For textbook treatments of regularly varying distributions and/or their applications in
insurance modelling, see e.g., Bingham et al. [8], Embrechts et al. [9], Rolski et al. [10] and Asmussen
and Albrecher [11].

Denote the number of claims up to time ¢ by N(t) with p,(t) = P(N(t) = n). The probability
generating function of N(¢) is given by

Qi(z) =FE {ZN(t)} = an(t)z"

Q" () =rE { ( N(t) ) zN(t)r}

which is defined for |z| < 1. Let
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be its derivative of order r with respect to z. In this paper we assume that N (¢) is a near mixed Poisson
(NMP) process, i.e., the claim counting process satisfies the condition

@2)97 t T oo

for some random variable ©, where D denotes convergence in distribution. This condition implies that

O, (1 . %) — E{e0) )

and .
o QY) (1 - %) — F {e_we@’"} = qr-(w), t1 oo
Note also that, for 5 > 0 and r € N,

/000 w’ g (w)dw =T (B) E {@T’ﬁ} . 3)

A simple example of an NMP process is the homogeneous Poisson process, which is very popular in
claims modelling and plays a crucial role in both actuarial literature and in practice. The class of mixed
Poisson processes (for which condition (2) holds not only in the limit, but for any ) has found numerous
applications in (re)insurance modelling because of its flexibility, its success in actuarial data fitting and
its property of being more dispersed than the Poisson process (see Grandell [12] for a general account and
various characterisations of mixed Poisson processes). The mixing may, e.g., be interpreted as claims
coming from a heterogeneity of groups of policyholders or of contract specifications. The more general
class of NMP processes is used here mainly because the results hold under this more general setting
as well. The NMP distributions (for fixed ¢) contain the class of infinitely divisible distributions (if
the component distribution has finite mean). Moreover any renewal process generated by an interclaim
distribution with finite mean v is an NMP process (note that then by the weak law of large numbers in
renewal theory, N(t)/t 2 © where O i degenerate at the point 1/v).

The aggregate claim up to time ¢ is given by

where it is assumed that (N (¢)),-, is independent of the claims (X;),,. For s € Nand N(t) > s + 2,
we define the sum of the N(¢) — s — 1 smallest and the sum of the s largest claims by

N(t)—s—1 N(t)
()= Y X5 A= Y X
j=1 J=N(t)—s+1

so that S(t) = Xs(t) + X35 + As(?). Here ¥ refers to small while A refers to large.

In this paper we study the limiting behaviour of the triplet (As(t), X3 ;). Xs(t)) with appropriate

t)—s?
normalisation coefficients depending on -y, the tail index, and on s, the number of terms in the sum of
the largest claims. We will consider three asymptotic cases, as they show a different behaviour: s is
fixed, s tends to infinity but slower than the expected number of claims, and s tends to infinity and is

asymptotically equal to a proportion of the number of claims.
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Example 1. In large claim reinsurance for the s largest claims in a specified time interval [0,t], the
reinsured amount is given by \4(t), so the interpretation of our results to the analysis of such reinsurance
treaties is immediate. A variant of large claim reinsurance that also has a flavour of excess-of-loss

treaties is the so-called ECOMOR (excedent du cout moyen relatif) treaty with reinsured amount

(t

~=

(X7 = XN—s):
J=N(t)—s+1
1.e., the deductible is itself an order statistic (or in other words, the reinsurer pays all exceedances over
the s-largest claim). This treaty has some interesting properties, for instance with respect to inflation,
see e.g., Ladoucette & Teugels [13]. If the reinsurer accepts to only cover a proportion 5 (0 < < 1)

of this amount, the cedent’s claim amount is given by
Es(t) + 6SX;7(t)—s + (1 - B)As(t)v

which is a weighted sum of the quantities Y.4(t), XNy and As(t). The asymptotic results above in terms
of the Laplace transform can then be used to approximate the distribution of the cedent’s and reinsurer’s
claim amount in such a contract, and correspondingly the design of a suitable contract (including the
choice of s) will depend quite substantially on the value of the extreme value index of the underlying

claim distribution.

The paper is organised as follows. We first give the joint Laplace transform of the triplet
(As(t), X¥(s)_s» 2s(t)) for a fixed ¢ in Section 2. Section 3 deals with asymptotic joint Laplace
transforms in the case v > 1. We also discuss consequences for moments of ratios of the limiting
quantities. The behaviour for v = 1 depends on whether E[X,] is finite or not. In the first case, the
analysis for v < 1 applies, whereas in the latter one has to adapt the analysis of Section 3 exploiting the
slowly varying function fox y dF (y), but we refrain from treating this very special case in detail (see e.g.,
Albrecher and Teugels [14] for a similar adaptation in another context). Sections 4 and 5 treat the case
~v < 1 without and with centering, respectively. The proofs of the results in Sections 3-5 are given in
Section 6. Section 7 concludes.

2. Preliminaries

In this section, we state a versatile formula that will allow us later to derive almost all the desired
asymptotic properties of the joint distributions of the triplet (As(t), X3 ;)_,, 2s(t)). We consider the
joint Laplace transform of (As(?), X,)_. 2s(t)) to study their joint distribution in an easy fashion. For
a fixed ¢, it is denoted by

Qu(u, v, w;t) = B {exp(—uly(t) — VX N)—s — wY (1))} -

Then the following representation holds:
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Proposition 1. We have

s(u, v, w3 t) an (/ “xdF(:p))n+

1 o0
s!

(Ellxsyye ™))" e™QF ™Y (B {1xaye ™)) dF (y).

Proof. The proof is standard if we interpret X = 0 whenever < 0. Indeed, condition on the number
of claims at the time epoch ¢ and subdivide the requested expression into three parts:

Qs(u,v,wit) = an(t)E{eXp <—uZXj N(t —n>}
n=0 j=1
s+1
+psi1 (D) E {exp (—UZX; —vX]|N(t) =s+ 1)}
j=2
00 n—s—1
+ Z pn(t)E{eXp (—u Z Xi—vX)  —w Z X7

j=n—s+1 j=1

=)

The conditional expectation in the first term on the right simplifies easily to the form ([~ e " dF (x))™.
For the conditional expectations in the second and third term, we condition additionally on the value
y of the order statistic X __; the n — s — 1 order statistics X7, X;,..., X} ., are then distributed
independently and identically on the interval [0, y] yielding the factor ([ e=“*dF(z))"*~'. A similar

argument works for the s order statistics X, ., X 5, ..., X . Combining the two terms yields

0 (.0, i) = ni‘gpn@) ([ emar)

; n;pn<t>m+i_m [ ( / - euwdm))se”y ( I ewxdm))n_s_l aF(y).

A straightforward calculation finally shows
s(u, v, w;t) an (/ “xdF(:c)) +

5 O‘” ([ ear@) eap ([ eweart) vt

Consequently, it is possible to easily derive the expectations of products (or ratios) of A4(t), X;,(t)

Ys(t) and S(t) by differentiating (or integrating) the joint Laplace transform. We only write down their
first moment for simplicity.

n

O
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Corollary 2. We have

E{AG) = ;npn@)E{XlHﬁ | @y ( / wxdp@) <) (P(y)) dF(y)
E(Xi- = 5 [ v ) @ (Fw)dF()

B} = X / )’ QD (F(y) ( / yxdF(x)) dF(y)

B0} = BING}E{G)

Proof. The individual Laplace transforms can be written in the following form:

B {exp(—uh(t)) = nz:jopnu) ([ emarw)
s / ) e-wdm))s@?*” (Fly)) dF(y)

s!

* 1 X = s —w s
E{exp(—oXip o} = () + / (F(y) e Qi (F(y)dF(y)
"Jo
_ L[> = 5 ~(s+1) g

(w0} = Tea()++ [ (Fy)' @) e dF(x) ) dF(y)
"Jo 0

Eep(-us) = [ emarm).

0
where IT,1(t) = >_"_, pa(t). By taking the first derivative, we arrive at the respective expectations. [

3. Asymptotics for the Joint Laplace Transforms when v > 1

Before giving the asymptotic joint Laplace transform of the sum of the smallest and the sum of the
largest claims, we first recall an important result about convergence in distribution of order statistics
and derive a characterisation of their asymptotic distribution. All proofs of this section are deferred to
Section 6.

It is well-known that there exists a sequence £, Fs, ... of exponential random variables with unit

mean such that
D

(X2 ., X)) = (U T /T1) o, Uyt /Ty))
where 'y, = Ey + ... + Ej. Let Z, = (X, ..., X{,0,...) /U(n). It may be shown that Z,, converges in
distribution to Z = (Z;, Z5...) in RT, where Z,, = I', 7 (see Lemma 1 in LePage er al. [15]). For vy > 1,
the series (> _;_, I, 7),>1 converges almost surely. Therefore, for a fixed s, we deduce that, as n — oo,

n n—s—1

(¥ ww S w)ews (S yn). e
j=n—s+1 J=1 k=s+2

In particular, we derive by the Continuous Mapping Theorem that

D RIS v vy

X** Fs—zl

R =
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Note that the first moment of 1, (but only the first moment) may be easily derived since

1
E{Ry} =1+ Z E{BV}—1+§+1

Jj=s+2

(&)

where B; = Y21 E;/37_, E; has a Beta(s + 1,5 — 1) distribution. We also recall that F belongs to
the (additive) domain of attraction of a stable law with index « > 1 if and only if

n X*
limE{Zjil} E{Rg}=1+ CHN

n

(see e.g., Theorem 1 in Ladoucette and Teugels [2]).
When (N(t)),s, is an NMP process, we also have, as ¢t — oo,

N(t)—
Z X2 Xy Z AL <Zrm,rs+l,Zr ) ©)
=N(t)—s+1

Jj= + k=s+2

and N(t)=s yrx oo =
-1 X D R = 2 h=sir Lk

XN ’ I

(see e.g., Lemma 2.5.6 in Embrechts et al. [9]). However, note that if the triplet (As(2), X34, s(t))

is normalised by U (t) instead of U(N(t)) in (6), then the asymptotic distribution will differ due to the

randomness brought in by the counting process (N (t)),-,-

The following proposition gives the asympt;)tic Laplace transform when the triplet

(As(t), X (1)—s» 2s(t)) is normalised by U(t).

D

Proposition 3. For a fixed s € N, as t — oo, we have (As(t)/U( ), Xxwy—s/U(0), S(t)/U(t)) —
(As, Es, X)) where

E {exp(—ulAgs — vE5 — wXy)}
1 00 5 00 efuz—"/n s I 1 1 1 — efwz—”/n
If © = 1 a.s., this expression simplifies to

E {exp(—uls — v=s — wdy)}
1 o0 P oo e—uz*%? 8 R 1 1 1 _ 6—w2*"/n
= i <;[ de) e exp (—z (1 + ;/0 de dz.

We observe that (N (%)), modifies the asymptotic Laplace transform by introducing g, into the
integral (7). However, the moments of R, do not depend on the law of ©:

Corollary 4. For k € N*, we have

k i .
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where

1—j+1 my
Cus (1) = Z malma!. ! H <l' (ly = 1) ) . )

M1t Ami_ji1=j SM—j41-
Imy+2mo+..+(i—j+1)m;—j11=i

Note that this corollary only provides the moments of R(,). In order to have moment convergence
results for the ratios, it is necessary to assume uniform integrability of ({E (t)=s X5/ X;,(t)_s}’“)tzo. It
is also possible to use the Laplace transform of the triplet with a fixed ¢ to characterlse the moments of
the ratios {ZN(t * X 1/ Xj*v(t)_s} (see Corollary 2), and then to follow the same approach as proposed
by Ladoucette [16] for the ratio of the random sum of squares to the square of the random sum under the
condition that £ {©°} < coand £ {©~°} < oo for some £ > 0.

Remark 1. For k = 1, (8) reduces again to E {R(S)} =14+ (s+1)Cia(7y) =1+ S“ , which is (5).
Furthermore, for all s > 0

(s+1)*  _ (s+1)/v
Y12y -1 -1/ -1/7)*

Remark 2. R, is the ratio of the sum =, + X, over Z,. By taking the derivative of (7), it may be shown
that, for1 <~v < s+ land E{O7} < oo,

Var {R(S)} = ( (10)

L(s—v+1)
(v =1 (s)

Therefore the mean of =, + Y5 will only be finite for sufficiently small . An alternative interpretation is

E{E+ %} = E{07}.

that for given value of vy, the number s of removed maximal terms in the sum has to be sufficiently large
to make the mean of the remaining sum finite. The normalisation of the sum by =, on the other hand,

ensures the existence of the moments of the ratio R, for all values of s and v > 1.

Remark 3. It is interesting to compare Formula (8) with the limiting moment of the statistic

XP 4+ X3
(X1~|>...+XN(t))2.

Tnw =

For instance, lim;_,, F {TN(t)} =1— 1/, lim_, Var {TN(t)} = (1 —=1/7v) /(37) and the limit of
the nth moment can be expressed as an nth-order polynomial in 1/~, see Albrecher and Teugels [14],
Ladoucette [16] and Albrecher et al. [17]. Motivated by this similarity, let us study the link in some
more detail. By using once again Lemma 1 in LePage et al. [15], we deduce that

D ZO 1T o

o e S e T

Recall that Ry is the weak limit of the ratio (Zj\[:(? X7)/ Xy and E{R} =1+ 1/(y — 1). Using
Equation (10) and E {R%O)TOO} = 27/(2v — 1) (which is a straightforward consequence of the fact that
X? has regularly varying tail with tail index 2vy), one then obtains a simple formula for the covariance
between R?o) and T:
27

Cov (RO),T ) = ——1_374_272.
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Determining Var{R?O)} by exploiting Equation (8) for k = 4, we then arrive at the linear
correlation coefficient
3(y—-1)By—1)4y—1
o Ty = (B0 DB~ Dl - 1)
v(43~% — Ty — 6)

Figure 1 depicts p(R(QO), Ty) as a function of o = 1/~. Note that lim._, p(R%O),TOO) = —6/v43.
The correlation coefficient allows to quantify the negative linear dependence between the two ratios (the
dependence becomes weaker when o increases, as the maximum term will then typically be less dominant

in the sum).

Figure 1. p(R{, T) as a function of a.

0.2 0.4 0.6 0.8 1.0

-0.21

-0.8

Next, let us consider the case when the number of largest terms also increases as t — oo, but slower

than the expected number of claims. It is now necessary to change the normalisation coefficients of

Xw)—s and E,(t).
Proposition 5. Let s = [p(t)N(t)| — oo for a function p(t) with p(t) — 0 and tp(t) — oc. Then
AU, Xy [U 07 (0). 50/ tpOU G (1)) 3 (A2 %) where
E {exp(—ul —v=Z —wX)} = e "¢ </0<>0 C _?716;2 n)dn + fyzj 1) : (11)

IfO =1a.s.

= _ - w
E {exp(—uA —vZ —wX)} = exp (—/0 de v— 1)

Several messages may be derived from (11). First note that the asymptotic distribution of Xj(,(t)fs is

degenerated for s = |p(t)N(t)], since X3, ,/U(p “L(t)) 2 1ast — co. Second, the asymptotic
distribution of the sum of the smallest claims is the distribution of © up to a scaling factor, since
() (tp (U (p1 (1)) 2 ©/(y — 1) as t — oo

Finally, for a fixed proportion of maximum terms, it is also necessary to change the normalisation
coefficients of X3, and ¥,(t). We have
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Proposition 6. Let s = |pN(t)| for a fixed 0 < p < 1. Then ( (D/U0), Xrss ()/t) Lt
(A, Z,, X)) where

-1
E {exp(—ul, —v=, —wX,)} = e "rq (ul/vw +wE{X|X < :Ep})
- P
andx, = F~'(p). If© = 1 a.s.,

-1
E{exp(—ul, —v=, — w¥,)} = exp (—ul/VM — vz, —wE{X|X < xp}) :

I—p

As expected, X3 A x, and X4(t)/t 2 oF {X|X <z,}ast —o00. IfO =1as. andy =2,
then A, has an inverse Gamma distribution with shape parameter equal to 1/2.

4. Asymptotics for the Joint Laplace Transforms when v < 1

In this section, we assume that v < 1 and hence the expectation of the claim distribution is finite. We
let 4 = F{X;}. The normalisation coefficient of the sum of the smallest claims, 3,(¢), will therefore
be ¢! as it is the case for S(t) for the Law of Large Numbers. In Section 5, we will then consider the
sum of the smallest centered claims with another normalisation coefficient.

Again, consider a fixed s € N first. The normalisation coefficients of A4(¢) and X}(,(t)_s are the same
as for the case v > 1, but the normalisation coefficient of X, is now ¢~ 1.

Proposition 7. For fixed s € N, we have (As(t)/U(t) Nio—s/U (), S(t)/t) A (As, 2, X5) where

s! y

1 oo [ 00 efuz_'Vn s B
B {exp(—ul\, — v, — w¥,)} = —/ <_/ Sy dﬁ) e g (= + wp) dz.
0 1

IfO =1a.s.,

1 o [ 00 p—uz Tn s -
— = — pTWH - - —vz"T 1=z
E {exp(—uls —v=, —wdy)} = e i (7 /1 PR dn) e dz.

Corollary 8. We have

—
—s

Pl =0 l_q_ -
{A +_S+E} / / ¢ (2 + up) dudz.

We first note that

E{%} _ ng{glﬂ}

= s!

and

1 [ 1 [
E {exp(—wXy)} = 9/0 2°qsy1 (z +wp)dz = E {—/0 zs(e_(z+w“)e@8+1)dz} = E {e 19}

s!

and therefore ¥4(¢)/t 2 1O as t — oo for any fixed s € N. The influence of the largest claims on the
sum becomes less and less important as ¢ is large and is asymptotically negligible. This is very different
from the case 7 > 1. In Theorem 1 in Downey and Wright [18], it is moreover shown that, as n — oo,

X\ B L
{z] 1X*} =B, xy )
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This result is no more true in our framework when © is not degenerate at 1. Assume that £ {©7} < occ.

Using (3) and under a uniform integrability condition, one has

lim £ ] t e E{ N }/U( ) _ra- E{OT}
SMOX UM " Y, E {ZN“ X*} /t nE {0}

Next, we consider the case with varying number of maximum terms. The normalisation coefficients
of Ay(t) and X7, now differ.

Proposition 9. Ler s = |[p(t)N(t)] — oo and p(t) — 0, ie, tp(t) — oo.  Then

(A 0/ O G 0)), Xy o/UE™ (6),5(0)/t) B (A Z.5) where

E {exp(—ulA —vZ —wX)} = e ¢ (% + w,u) :
-7

IfO =1a.s.,
E {exp(—ul — vZ — wX)} = e W/ e7vemwr,

As for the case v > 1, Xy /U (p~1(¢)) 2 1 ast — 0o. Moreover the asymptotic distribution of

the sum of the largest claim is the distribution of © up to a scaling factor since A, (¢)/(tp(t)U(p~1(t))) A
©/(1 — ~y) as t — oo. Finally note that ¥4(t)/t B 11O as t — oo as for the case when s was fixed.
Finally we fix p. Only the normalisation coefficient of A4(t) and its asymptotic distribution differ

from the case v > 1.

Proposition 10. Let s = |pN(t)| and 0 < p < 1. Then (As(t)/t,X;,(t)fs,Es(t)/t> A (Ap, 2, 20)

where
E{exp(—ul, —vZ, —wX,)} = e "rqy (uE{X|X > z,} + wE{X|X < =x,})
andr, = F~'(p). If© = 1 a.s.,
E {exp(—ul, — v=, — w,)} = e WEXIX>} o mvap pmwB{X|XSap}

We note that the normalisation of A,(t) is the same as for ¥4(¢) and that A4(t)/t 2 oFr {X|X >2,}

ast — oo.

5. Asymptotics for the Joint Laplace Transform for v < 1 with centered claims when s is fixed

In this section, we consider the sum of the smallest centered claims

N(t)fsfl
E(M)

J=1

instead of the sum of the smallest claims >,(¢). Like for the Central Limit Theorem, we have to consider
two sub-cases: 1/2 <y < land~y < 1/2.
For the sub-case 1/2 < v < 1, the normalisation coefficient of N )(t) is now U1 (¢).
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Proposition 11. For fixed s € Nand 1/2 < v < 1, we have

(A (6)/U), Xioy—o /U, 0 (6) /U (1)) B (A, Z, B0,

where
E {exp(—uAS — 0= — wEg“))}
1 o) Py e} efuz*WU s - 1 1 1 wz*Vn N e,wszn 5=
= 5 i <;/1 v d??) e qs+1<2<1+;/0 PRV dnfl_vw dz.
Ife=1a.s.,
E {exp(—uAs — V=g — wEg“))}
1 [z [Cew ’ P 1 [f1—wzTp—e vz 277
= ] ; (;/1 7771+1/7 dn) e eXp<z<1+;/0 pRESVE dnl—’yw>>d'z'
If s = 0, then
= (1) s —wvz=7 1 ! 1- wzi'yn - 671U27W77 P
E{exp(*”:()*wzo )} /0 e exp | —%2 1+;/0 PRV dn — 1_710 dz

and we see that =, and E(()“ ) are not independent.

) 1
E{1+ - }:HS+ .
= v—1

This result is to compare with the one obtained by Bingham and Teugels [7] for s = 0 (see also
Ladoucette and Teugels [2]).
For the sub-case v < 1/2, let 0> = Var { X }. The normalisation coefficient of £ (¢) becomes ¢~ /2,

Corollary 12. We have

Proposition 13. For s € N fixed and v < 1/2, we have (As(t)/U(t), Xw-s/U(1), » () (t)/t1/2> 2
(A, Zs, S where

1 [z (2ewn \° - 1
_ = L — — z - —vz™ 7 — 2242
E {exp( uly — V25 — WY )} = /0 (7/1 PR dn) e Gst1 (z SWo ) dz.

Ife=1as,

1 1 o0 e} 7uz_717 $ B
E {exp(—ul, — vE, — wEg“))} = &XP <§w202) / (%/ _6771+1/v d77> e—VF =2 0,
: 0 1

If s = 0and ©® = 1 a.s., we note that the maximum, =, and the centred sum, E(()“ ), are independent.

If s > 0and © = 1 ass., (Ag, =) is independent of »,
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6. Proofs

Proof of Proposition 3. In formula (7), we first use the substitution F(y) = z/t, i.e., y = U(t/z):
Qe (u/U(),v/U (1), w/U(t))

— 2 P(t) ( /0 h e_“x/U(t)dF(x)) n

t o0 s U(t/z)
+ 1 (/ e_ux/U(t)dF(l‘)) e—UU(t/z)/U(t)QIgS-Fl) </ e_wx/U(t)dF({L')> @
t
0

st Jo U(t/?)

— nzzo Pn(t) ( /0 h e_“x/U(t)dF(x)) n

t 0 s
+l' <t/ e_ux/U(t)dF(ZE)) e—UU(t/z)/U(t)
S-Jo U(t)z)

1 1 U(t/z)
X (s+1) (1 — 7 (t — t/ e UOaR(x) | | de.
0

Next, the substitution F(z) = pz/t, i.e., x = U(t/(zp)) leads to

0o 1 1 o L —uz" Y
; / VO GF(2) = / U0 gy / e gy - / eTl/"dn
U(t)z) 0 0 YJ1oon 7

as t — oo and also
U(t/z) U(t/z)
t— t/ e VOdR(z) | =t(1 — F(U(t/2))) + t/ (1 — e e /V)dF (1)
0 0
=24 Z/oo(l — e—wU(t/(zp))/U(t))dp
1

1 [T e ygp) s (14 L [l
— Z +1(—€ )p =z +§Ow7’] .

Note that the integral is well defined since v > 1. Moreover e *V(#/2)/U{t) _ ¢=v2"" apd

Pn(t) (/ e“x/U(t)dF(:c)) < pp(t) = 0 ast — oo.
0
L

Proof of Corollary 4. From Proposition 3 we have

— 1 > s _—uz" "V _—wz™ Y 1 ! 11— efuz_'Vn
E {exp(—(u + U):S - UZS)} = y zZ e (& gs+1 | ? 1+ ; Wd?’] dz.
*J0 0

Hence
1 o0

= -3 2%z Te”
s Jo

1 o -
o s+1 =y, —vz™" dz.
sty —=1) /o c Goe2 (2) d2

vz

2E {exp(—(u+v)=s — uXy)} ey () dz

ou

u=0
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This gives indeed, using (3),

s+ 2 <0 -
E{ j } = —/ —E{exp(—(u+v)Z5 —udy)}| dv
g 0 8’11/ u=0
Y 1 ® a1 B s+1
_; : qu+1(2)dz+mA z q3+2(2)d2—1+7_1

which extends (5) to the case of NMP processes. Next, we focus on (8) for general k. We first consider
the case s = (. We have

Let
1 (11 —ew= ™
0(z,w) (1 += /0 1+1/7 77)
By Proposition 3
E {exp(—vZp — wdy)} = e g (0(z,w)) dz (12)
0
and clearly
S0\'| _ (1 /°° o O _
Edl= = —= v’ _F(exp(—vZy — wX dv.
{(:0) } 0 Sy U aw @R mwR))
Note that
a z_'Y‘i‘l 1 _
0(1)(2,10) = —O0(z,w) = / n—l/ve—wz 7ndn
6w y 0
om an'erl 1 -
9(n) Z,w) = 0(z,w) = (—1 "'Hi/ 77*1/'y+(n71)67wz 'Vndn’
Gu) = gunblew) = () i
SO 1
9(”) 0) = (—1 n+l _—ny+1 .
(2:0) = ()

By the Faa di Bruno’s formula

oy 0z w) = 32 a0z, w)) Bup (602w, ., 6050z, w)

k=0
where
nl n—k+1 T m;
B (w1, ..., 05" = - —]) .
k(@ 1) m1+...+;k+1=k my!ms! . omy ! 31_[1 <]!
1m1+2m2+...+(n—k+1)mn_k+1:n
Therefore
g n . Pan i Zf(nkarl)'erl
0(z,w = -1 2)Bpp | ——, ..., (=1)"
gt 0| =30 a2 (e
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Subsequently,

303
Bn ) (z—'y—i-l . z—(n—k—f—l)’y—i—l
’ fy _ 1

(n—/{:—l—l)fy—l)
>

mit..4+my_gr1=k
1mi+2mo+...+(n—k+1)m,_rr1=n

n—k+1 j+1 M
H (_l)j ijﬁ/Jrl 1

my!ms! . omy ! ey 4! jy—1

L em gy 3

mi+..+my_gr1=k
1mi+2mo+..+(n—k+1)m, _pr1=n

— k

2R (D) Cog ()

with definition (9). This gives

o (_1)nik

n!

n n—k+1

m1!m2! R mn,kﬂl H

8n
o (0(z,w)
and

n
w=0

1) g (2) G ()
ai

k=1

so that

——dz
Z Cik <’7)/0 Ghyr (2) 2dz

)

> KICik ()

k=1
cf. (3), and the result follows.

For the case s > 0, we proceed in an analogous way. Equation (12) becomes

(k)

1 by qi’fr)l and, by following the same path as for
Y\ : o0
£{(2)}-2e
O

() [ e () 5z = Y

~ (s +k)!

E{exp(—vZs —wdy)} = / 25e7  oqr (0(2,w)) dz.
0

Then %4 /= is replaced by 3, /=;, ¢1 (2) by ¢s+1 (2), ¢

s =0, we get

o Cir (7).
1
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Proof of Proposition 5. The proof is similar to the previous one, so we just highlight the differences

here: Conditioning on N (t) = n we have

Enty=n {exp(—uds(t)/U(t) = v X0 e /U (P~ (1)) — wEa(1)/ (tp(t)U (p~' (1)) }

! / w (/ " ) " o)
- : e VAR (x )) e” Y
(np@)!(n(L = pO))! Jo  \J,
y n(1—p(t))—1
y (/ ewm/(tp(t)U(pl(t)))dF(x)) dF (y).
0

We first replace F by the substitution F(y) = p(t)z, i.e., y = U(1/(p(t)2)) :

Qu(u/U(1),0/Up~" (1), w/ (U™ ()5 6)] g4y

o) [e%) np(t)
n! / (/ /(U (" () ) W)U
_ oz dF (z) o~V )2)/U G (1)
(np()!(n(1 = p()! Jo U(1/(p()2))
U/(p(1)2) B nmp)t
« / e~/ OV G 0) g () p(t)d
0

The factor involving v converges to

e~ PUA/(®)2) /U™ (1) _y p—vz77
The factor containing w behaves as

UQ/1)2) B U/ (1)) B
/ s/ OUGT O gp () = 1— plt)z — / (1 — e/ EOUE™ ) g ()
0 0

_ U(1/(p(t)z)) T ir
= 1pz OO A

and hence for the power

U(1/(p(t)2)) » n(1—p(t))—1
/ e—war/(tp(t)U ®))) dF( )
0
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Finally, for the factor containing u, replace F by the substitution F'(x) = pz/t, i.e., x = U(t/(zp)):

- /U (1) z [P U
VO gp(g) ~ 2 U0
U1/(p(t)2)) t Jo
z [P e
~ (e 1) dp+ p(t)z
0

~ )z (1= s [T e ap)

so that, as t — oo,

N np(t)
</ e—w/@p(tw1<t>>dF(ﬂf>)

U(1/(p(t)z))
n [ (1—e
~ exp (np(t) Inz+ np(t) Inp(t) — ¥/ <771+—1/“/)d77> :
0

For the factor with the factorials, we have by Stirling’s formula

n! 1 nl/?
np(t)!(n(1 —p(t)) — 1)! ~ V27 emp()+1/2) In(p(1)) o (n(1—p(£)+1/2) In(1=p(t) ° 13)
Equivalent for the integral in 2:
9(z) = In(z)— =
) = 1-1 g)=0
S =~ gN=-1
By Laplace’s method, we deduce that
/0 exp (np(t)(In(z) — 2)) dz ~ W\/% exp (—np(t)) . (14)
Altogether
Qu(u/U (), v/U ™" (1), w/(EpOU G ()] )
~ e Yexp <—%wﬁ +o (%) +np(t)In (1 —p(t)) + np(t) lnp(t))

< exp (—% | St ) )~ npte) — 5 i) + 1n<p<t>>)

x exp (—(np(t) + 1/2) In(p(t)) — (n(1 = p(t)) + 1/2) In(1 = p(t))

no[r—er ) noo 1
exp r ), RSV n—uv tw7_1 .
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Proof of Proposition 6. Again, we condition on N () = n:

Enty=n {exp(—ul(t)/U(t) — v X5y — wE(t)/t}

g ([ o) e ([l o)

For the factor containing w, we have

/y e dF(z) = P(X <vy)— ¢ /Oy zdF(x) +o(t™)

; t
= P(X <y) (1 - %E{X\X <yr+ O(tfl))

w
= Fy) (1= TE{X|X <y} +o(t™).
For the factor involving u one can write

/y efum/U(t)dFCL,) - _ [e*um/U(t)FCU)}ZO _/y eum/U(wﬁFCU)dl’

_ wlUOT(y) — /

uy/U(t)

h e F (%U(t)) dw

_ 1 o0
= F(y)— gul/'y/ e w7 dw (14 0(1))
0

= F(y) - %ul/’yru —1/7) (1 +o0(1)).

The ratio with factorials behaves, by Stirling’s formula, as

n! 2rntl/2e—n

npl(n(L—p) = DI~ 2a(np)oti/2e=mo 2 (n(1 — p))n1—p+1/2—np
1/2

1 n
\/ﬁpnp+l/2(1 — p)n(lfp)+1/2'

For the integral in y we have the equivalence

( /y N e—ux/tdF(x)) " < /Oy e—wx/tdF(x)) n(1-p)—1

= oxp (n (PIn(F(y) + (1 = p)(F(y))) exp (—wipE (X|X <y} —ul E{X|X > y}).

~

Let
9(y) = pn(F(y))+ (1 —p)In(F(y))
oy — W )
Jgy) = PEG) ( )F(y)
Fly) = p,  yp=F"(p)
9(yp) = phn(p) + (1 —p)In(1 —p)
wo FOFY) - FWFEW) + )
9"(y) = p =0 (1-p) )

/ fQ(yp) . fQ(yp)
_f(yp>_ 1_p __p(l—p).
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By Laplace’s method, we deduce that

V2TV P(L = D) n(pine)+(1-p) n(1-p)

exp (n (pIn(F(y) + (1 = p) In(F(y)))) ~ —— 17
and then
) ) np y n(l—p)—1
/ </ e‘“m/tdF(x)) e </ e_wx/tdF(:E)) dF(y)
0 Y 0
V21 /P = D) npin)+a-p) -
m/(z ) ) G-p0) o5 (—u@F {X|X > g} — vy — wOPE {X|X < g, })
Altogether
Qs(u/t,v,w/t;t) = e g (WE{X|X > y,} + wE{X|X <y,}).
(]

Proof of Proposition 7. We first replace F by the substitution F(y) = z/t, i.e.,y = U(t/z)
Qu(u/U(t),v/Ut), w/tt) = pa(t) < / e—w/U@)dF(x))
n=0 0
1 [t o0 s 1 ) U(t/z)
+ 5 <t/ e_ux/U(t)dF(ZE)) e—UU(t/z)/U(t)FQgs-‘r ) / e—wa:/tdF(x) dz.
st Jo ° 0

U(t/2)

Then we have

/0 e e AR (x) = F(U(t/2)) — % /0 e vdF(z) + o (%)

z w

=1 +1—1 1(+ +o0(1))
= LTkt )= szt wpto .

Now use analogous arguments as in the proof of Proposition 3 and note that

E{exp(—uS(t)/t)} = Qi(E{exp(—uX/t)}) = Q: (/OOO e_mﬁdF(l“))
= Q (1 - %/OooxdF(a:) +o G))
= qo (up).

O

Proof of Corollary 8. By Proposition 7

- 1
E{exp(—vZs — uXy)} = =

Hence

%E {exp(—vZs — udy)}

u=0
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and therefore

(e e]

0 -
_ 0 auE{eXp( (u+v)=s —udy)}

v = £ 25 540 (2) dz

u=0
By Proposition 7
E{exp(—(u+v)Zg —udp)} = / e WHE g (2 +up) dz
0

%E {exp(—(u + U)EO - UZO)}

= —/ 2 e ™ g (2 4+ up) dz
0

v=0

(e e]

- 0 E{exp( (u+v)Zo —ud)}

— / 277e™ qu (2 4 up) dudz
0 0

= / (- [e’“z_7q1 (z+ u,u)} — ,LL/ e gy (2 4 up) du) dz
0

= / q (2)dz — / / g (2 +up)dudz
0
= 1- / / gy (2 + up) dudz.

Proof of Proposition 9. Condition on N (¢) = n to see that

En(=n {exp(—uly(t)/(tp()U(p~ (1)) — vX5i 1 /Up™ (1)) — wEs(t))/t}

n! > ( (U (1) )
= efum P p dF(.I‘)) efvy p
np(t)!(n(1 — p(t )))!/o /y

y n(1—p(t))—1
X (/ ewm/tdF(a:)> dF (y).
0

Now replace F' by the substitution F(y) = p(t)z, i.e., y = U(1/(p(t)z))
Qu(u/(tp(O)U (p~ (1)), v/U(p~ (1)), w/t;t)
_ n ([ o OV O g (g )
np(t)!(n(1 —p(t)))! /0 </U(1/(p(t)z)) 4 ))

n(1-p(t))—1

B U/@(0)2)
o~/ 1))V 1) / et g (z) ().
0

du

v=0

O

Like before,
e~ tU/(®)2)/UP™ (1) _y g—vz77
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For the factor with w, one sees that

/0 s e AR (x) = F(U(1/(p(t)2))) — % /0 e 2dF(z) + 0 G)
— 1 p(t)r — %u+0 (%)

and then

() R (RO (R A )

= exp (—np(t)z — —wu +o (n) +np(t)In (1 — p(t)z)) :

For the factor with u, replace F by the substitution F'(x) = p(t)pz, i.e., x = U(1/(p(t)zp)):

[e'e) 1 1 oo _—uz" Y
y / e~V OGP () = / U0 gy / O P / e 1+1/nd"
U(t/z) 0 0 YJioo o7

[e's) 1
/ e~ u OV O gp(z) = plt)s / e~V B O/ UG O)ep(D) g
U(1/(p(t)z)) 0
0 (1 1 / (20)7d +)
= pt)z (1———= [ u(zp)dp
tp(t) Jo

= () (1 _ ﬁ;;(;“/ol pdp+ .. )

00 np(t)
< / e/ U () g ))
U/@()2)

= eXp( ()lnp()+np(t)ln(z)—%1ﬁ7z‘7+...).

and then

The ratio of factorials coincides with (13). Also (14) applies here. Altogether

00 00 np(t)
nl / < / e/ OV (0) g F(x)) o~ UL/ (602U (1)
np()!(n(1 —p()! Jo U1/ (p(t)2))

U/ (p(0)2) rmr -
X (/0 e‘wx/tdF(x)) p(t)dz
~ e exp (——w,u +o0 ( ) +np(t)In (1 —p(t)) + np(t) Inp(t) —
xexp (— (np(t) +1/2) Inp(t) — (n(1 = p(t)) +1/2) In(1 — p(t))

n u n
~ exp | —— —v——wu | .
L s

nou
t

e np(t) — %lnp(t) + lnp(t)>
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Proof of Proposition 10. Given N(t) =n

Ent)y=n {exp(—uly(t)/t —v Xy ) —wE(t))/t}

- TP, </w ew/tdF(x)Yp </0 6M/tdF(x))n(l_p)_l 48).

The part involving w coincides with the one in the proof of Proposition 6. For the factor involving u,

we have
/OO e‘“x/tdF(x) = P(X >y)-— %/OO rdF(z) +o(t™)
= Fly) (1- 7E{XIX > yh+o(t™)).

The rest of the proof is completely analogous to the one for Proposition 6. [

Proof of Proposition 11. Use the substitution F'(y) = z/t, i.e., y = U(t/z):

QW (uly (1) /U (t), 0 X3 )—s /U (8), wS¥ (1) /U (1): )

_ nzi‘apm ([ emrmar)

t 0 s
_i_l' (t/ eum/U(t)dF(.T)) e*UU(t/z)/U(t)
S Jo U(t/z)

L s+ 1 wp/U(t) vl —waz/U(t)
X Q; 1- i t—te e dF(x) | | d=.
0

We then replace F by the substitution F'(z) = pz/t, i.e., x = U(t/(zp)):

S

U(t/z)
b pewn/U®) / e=ue/U0) g ()
0

U(t/z) wr
=t 4 tew/U® / (1 NN e‘wx/U(ﬂ) dF(z) — te"VOF(U(t/2))
0

Ut/z) p
¢ wu/U(t)/ dF
+te i i) (x)

_ (1 /U (1 _ %)) L /Oo (1 U/ zp) e—wU(t/(zp))/ww) dp
1

U(t)
tw 2177 U(t)
+—U(t)e / ()< 11—~ —7T<1+0(1))>

i t(“(1*%+%(%)2+0(U21<t>)>(1_3)

+z /loo (1 — w% — e—wUW(ZP))/U(t)) dp + % (1 + % +o0 (ﬁ)) (1+0(1/1))
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N z<1+/1°o(1—w(zp)v —wlen) ) g — 1’” w)

-7
m 1 /1 1 —wzv — e*wz_wnd 277
= — — w .
: v Jo nit Ty

Now use the same arguments as in the proof of Proposition []

Proof of Corollary 12. Note that

E {exp(—(u+ v)ZE, — u¥ “))}

S

e 1 [Pl —uz7w—e v z
= o i Z2%e e q3+1<z<1+;/0 A dn—l_vu dz

%E {exp(—(u + U)Es - uzs)}

u=0
1 OO s —v,—vz~ 1 = 8, "VeTVE
- T 0 2"z e 7C]s+1 (2)dz + m/() 252 e 7QSJr2 (2)dz
e’} 8 S + 1
o _E _ _'_,UES_,U/E(:“) dU:1+ .
/0 ou {exp(=(utv) ek u=0 v-1

L
Proof of Proposition 13. Use the substitution F'(y) = z/t, i.e., y = U(t/z):

QL (uls(8) /U (1), vX 3y ()—s /U (), S /121

_ Z < / eum/U@dF(x))s

=0

t e’} S
_'_l (t/ eum/U(t)dF(l’>) eva(t/z)/U(t)
st Jo

U(t/z)

1 s 1 U(t/z)
Xy ISR (5 R / e’m/tl/QdF(:U) dz.
s t ;

wp/t'/? UAe/%) —wz/t1/?
t—tet e dF (x)
0

U(t/)z) 1 2
=t e/t / <1 _we | l{ws) e_wx/tl/2> dF (z) — te"/"* F(U(t]2))
0

Then we have

22t

U(t/z) 1 U(t/z)
tewr/t? / lf—/xng(x) A / (wz) dF ().
0 13 2 0
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First note that

U(t/2) 1 2
tewu/tl/Q/ <1 o ;11]_/:2 + §<wf> N e—wﬂﬁ/tl/Q) dF(l‘)
0

— ewn/t? /loo (1_MM+%<U]M)2_ —’wU(t/(Zp)/tl/2>d o

t1/2 $1/2

Secondly,

1/2 1/2 U(t/Z) ]. 1/2 U(t/Z)
t— et E(U () 2)) + ter /! / L AF(x) — S / (wa)? dF (z)
0 0

t(l e 1 . —l—t1/2€ 1 U(t/z)t U(t/z)F(:c)d:U
]_ 1/2 &
_~pwn/tt (E{Xlz} _/ x2dF(:1:)>
2 U(t/2)
w12 z tw w12
= (1=t (1—;))+me it (M —U(t/2); (1+0(1)))

2
= (1= (1 () e (3)) (0-9)
120 (1 o ; (;‘j—/’;)Q +o G ) <1 _ #U(t/z)i(l +o<1>)
L (1+t1—/‘;+;(;’g) +<1)) (B{x2) 7 W/ 21 +0(1)

and it follows that

Ut/2) 1 Ut/2)
t—te"r/ " P(U(t)2)) + tevr/ " /0 ;f—/xQdF(:c)— §ew/t”2 /0 (wz)* dF (z)

1 U(t 1 Ut)\’
= z—t"?uw - 5 (wp)® + o(1) + t2pw + (wp)* + O ( tl(/Q)) - §w2E {xXi}+0 (( t1</2>) )
1
- z-— §w202,

which completes the proof. Note that

E {exp(—u(S() = N(Ow)/1)} = Qu (B {exp(—u(X — p)/t)})

o[ e
- aiege +0<;))_
o (5e) )
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7. Conclusions

In this paper we provided a fairly general collection of results on the joint asymptotic Laplace
transforms of the normalised sums of smallest and largest among regularly varying claims, when the
length of the considered time interval tends to infinity. This extends several classical results in the field.
The appropriate scaling of the different quantities is essential. We showed to what extent the type of
the near mixed Poisson process counting the number of claim instances influences the limit results, and
also identified quantities for which this influence is asymptotically negligible. We further related the
dominance of the maximum term in such a random sum to another quantity that exhibits the effect of
the tail index on the aggregate claim rather explicitly, namely the ratio of sum of squares of the claims
over the sum of the claims squared. The results allow to further quantify the effect of large claims on
the total claim amount in an insurance portfolio, and could hence be helpful in the design of appropriate
reinsurance programs when facing heavy-tailed claims with regularly varying tail. Particular emphasis
is given to the case when the tail index exceeds 1, which corresponds to infinite-mean claims, a situation
that is particularly relevant for catastrophe modelling.
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