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The Esscher premium principle provides an important framework for allocating a certain loaded premium for

some claim (risk) in order to manage the risks of insurance companies. In this paper, we show how to model the
celebrated Esscher premium principle for a system of elliptically distributed dependent risks, where each risk
is greater or equal than its value-at-risk. Furthermore, we present calculations of the proposed multivariate risk
measure, investigate its properties and formulas, and show how special elliptical models can be implemented

in the theory.

1 INTRODUCTION

Recently, there is a growing interest in multivariate
risk measures. The motivation behind considering a
multivariate risk measure is that it provides more ac-
curate measurements of risks that are mutually de-
pendent on each other. There are several attempts
to obtain such multivariate measures (Jouini et al.,
2004; Molchanov and Cascos, 2016; Cousin and
Di Bernardino, 2014; Feinstein and Rudloff, 2017;
Landsman et al., 2016; Shushi, 2018). For instance,
Landsman et al. (2016) introduced the multivariate
tail conditional expectation (MTCE) with the follow-
ing form

MTCE,(X) = E (X|X > VaR, (X)).

Here X:(X],Xz,...,Xn)T is n x 1 vec
tor of risks that are mutually depend-
ing on each other, and VaR,(X) =
(VaRy, (X1),VaRy, (X2),...,VaR,, (X,))T is n x 1
vector, where VaR,, (X;) is the value at risk of X;
under the ¢; —th quantile, g; € (0,1). In this notation,
for two n-variate random vectors X and Y, X>Y
means that {X; >, Y;,i = 1,...,n}. The multivariate
tail covariance measure was also introduced in the
literature by (Landsman et al., 2018), and obtained
for the class of elliptical distributions. The Esscher
premium principle is a widely used measure in risk
measurement and portfolio theory, which allows
to quantify insurance premiums (Kamps, 1998;
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Van Heerwaarden et al., 1989; Landsman, 2004;
Shushi, 2017; Chi et al.,, 2017). In the theory of
risks there exist vast number of different models
to calculate insurance premiums (Goovaerts et al.,
1984; Wang and Dhaene, 1998; Déniz et al., 2000)
The Esscher premium was first introduced in the
seminal paper of Buhlmann (Biihlmann, 1980). In his
paper, Buhlmann claimed that actuaries think about
premiums as a measure of risks, which are considered
random. Unlike actuarial premiums, economical
premiums depend also on market conditions which
can be characterized by another random risk. In this
paper we focus on actuarial premiums, and thus we
are not taking into account any market conditions.
Let X be a random risk. Then, the Esscher pre-
mium of X takes the following form

E (XeM)

My (A)
where A >0, Mx (\) =E (eu) is the moment gener-
ating function (MGF) of X, and E (X ekX) < oo,

m(X) = ey

The Wang’s premium (Wang et al., 2002) intro-
duced as an exponential tilting of some risk, X, in-
duced by another risk, ¥,

E(XeM)
My (2)
and the Esscher premium is the special case of
m), (X,X) = my (X). Furthermore, (2) has actuarial

mH(X,Y) = )
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sense behind the quantitative measure. For a portfolio
consisting n x 1 risks, X, the measure 7 (X;,S) quan-
tifies the amount of risk of X; to the aggregate risks,
which is the sum of the risks, i.e., S=X; + X5 + ...+
Xn.

In Shushi (2018), a multivariate conditional ver-
sion of the Esscher premium has been introduced
which takes into account only the tail of the multivari-
ate distribution of the vector of risks. In this paper,
we generalize the Esscher premium into a conditional
framework such that each risk X; is greater than its
value-at-risk measure and consider the most general
case which is a portfolio that consists of n—variate
dependent risks.

The multivariate conditional Esscher premium
(MCEP) takes the following form

E (Xe”X|x > VaR, (X))
E (M X|X > VaR, (X))

A=) i=1,2,.0n.

The motivation behind this multivariate risk mea-
sure is that it provides a conservative premium princi-
ple, in the sense that it quantifies the premium under
the assumption that the i—th loss is greater than its
value-at-risk, X; > VaR, (X;),i = 1,2,... . and there-

fore the MCEP measure is greater than or equal to the
Esscher premium:

. (X) < Tgp (X)),

T (X) = »hi>0, (3)

where T, (X) = (m, (X1), 7 (X2) .., T (X))
We define the conditional analog to the Wang’s
premium, as follows:
E (X;e™|S > X1 VaR, (X;))
E (M|S>Yr VaR,(X;))

TCOL)\, (Xia S) =

In the next Section, we give a concise definition
of the family of elliptical distributions, and in Section
3 we analyze the proposed MCEP measure by pro-
viding its main properties and their implications. In
Section 4 we compute the MCEP for a system of mu-
tually dependent elliptically distributed risks, and in
Section 5 we give examples. Section 6 offers a dis-
cussion to the paper.

2 THE CLASS OF ELLIPTICAL
DISTRIBUTIONS

The class of elliptical distributions consists many im-
portant distributions such as the normal, Student-t, lo-
gistic, and Laplace distributions. In fact, it is a natu-

ral generalization of the normal distribution (Camba-
nis et al., 1981). This class has attempting properties
which will be shown in the sequel.

Let X be n x 1 random vector following elliptical
distribution, X «~ E,, (1,2, g,). Then, the pdf of X is

fx(x) = \/crf'gn (;(X—#)TE' (X—#)) XER,
)

where ¢, is the normalizing constant, g (), u > 0, is
called the density generator of X, is an n x 1 location
vector, and X is an n X n scale matrix.

The characteristic function of X takes the follow-
ing form

1
ox(t) = exp(it’ )y, (5 2), 5)

some function g, () : [0,00) — R, called the charac-
teristic generator.

The marginal distributions of the elliptical distri-
bution are also elliptical with the same characteristic
generator. For a random vector X such that

H1 Y X
X = (X, X T"‘En ) y&n |
1. %) <(,U2> <221 In ) g>

where X and X, are m (m < n) and n — m random
vectors, the characteristic function of X, @x(t), takes
the form

ox(0) = expli ({pn + i) - (; (o) z(ﬁl)) ,

tieR" tbeR".

Then, for the marginal X; of X we take t, = 0 where
0 is vector of n — m zeros,

1
ox((6.0) =expli ) v (5m ) ©

= 0x, (tl )

As can be clearly seen, the above equation takes the
same form as (5) with vector of locations uj, scale
matrix ¥, and characteristic generator y (u) . There-
fore, X v Em(,Ul,le,gm)~

For m x n matrix B with rank m <n and m x 1 vec-
tor ¢, the transformation BX + ¢ is m—variate ellipti-
cal random vector, i.e., BX + ¢ is distributed E,, (u* =
Bu+c¢,2* = BEBT g,,). This can be shown by the
form of elliptical characteristic function. From (5) it
follows that

Paxc(t) = e “ox (Bt)

= explit” (Bu++-¢)- (3 (B 2(B0)

= exp(it' u )~\|I(§t2 t).

103



ICORES 2019 - 8th International Conference on Operations Research and Enterprise Systems

From this property, we immediately establish that the
marginal distribution is also elliptical as has been
shown previously.

Let matrix B be

B— Linscm O(nfm)xm
0m><(n—m) O(n—m)x(n—m) ’
where Iy, is m x m identity matrix, 0, is (n—
m) X m matrix with zero components, 0, ) (n—m) i
(n—m) x (n—m) matrix with zero components, and
O(1—m)xm = OIZX (n—m)* Then, random vector BX is the

marginal random vector X;. Furthermore, in the case
that B =b is a n x 1 vector, then b’ X, representing
weighted-sum, is distributed E (b? u,b” Zb, g1).

3 THE PROPERTIES OF THE
MCEP MEASURE

Let us now show some important and desirable prop-
erties of the MCEP measure for the elliptical model.

Proposition 1. Proposition 1. Let X «~ E,(u,X, g,) be
a system of n elliptically distributed risks. Then, the
MCERP follows the properties:

1. Translation Invariance: For any random vector of
risks X and any vector of constants 0. ER"

T\ (X + O() =T\ (X) + . (7)

2. Independence of risks: If the vector of risks X has
independent components. Then

T\ (Xl )
nq,kz (Xz) . (8)

g A (Xn)
3. Monotonicity: Suppose Y,X, are n x 1 random
vectors of risks and Y azs X. Then
T (Y = X) > 0, )

where 0 is vector of n zeros.

T (X) =

4. Semi-Positive Homogeneity: For some positive
constant a > 0, The MCEP follows the following
equality

T, (aX) = amg p (X)) . (10

5. Semi-subadditivity of T (X) for elliptical dis-
tributions: Consider an (2n) x 1 elliptical ran-
dom vector X with the partition X = (X7, XT )T )
X] = (X[,...,XH)T,XZ = (X,hL],...,in)T. Then,
the following inequality hold

T (X1 +X2) < g (X)) +Tg 0 (X),, (1)

T
where T (X) = (n(x,k(X)ITJEOC,?»(X)g) ‘
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The motivation behind the semi-subadditivity
property can be found in Landsman et al. (Landsman
et al., 2016) . In our case (11) means that combining
risks provides less premium than separating them.

Proof.

1. The translation invariance property can be proved
after some algebraic calculations. We notice that
VaR, (X + o) = a+VaR, (X), so
T (X + )

E ((X+ o) ¥ X)X 4 00> VaR, (X+oc))
E (M X+ X + 0 > VaR, (X + o))
E ((X+a) MX|X > VaR, (X))
E (VXX > VaR, (X))
= 0+Tq 5, (X))

2. Since we assumed that (X1,X5,...,X,) are mu-
tually independent random risks the probability
density function (pdf) of X is the multiplication
for the pdf’s of the i-th component of X, so

E (Xe”TX|X > VaR, (x))

E (VXX > VaR, (X))
1

T A (X) =

= n
HE (Xieh%i|X; > VaRy(X;))
i=1

E (X1eM X|X; > VaR,(X1)
E (X26" XXy > VaR,(X,)

E (x,,eVX|Xn > VaRq(Xn)>

nq,}»,— (Xl)
nq,}nz (XZ)

TEq,?u,, (Xn)

3. Notice that as Y is greater than (a.s.) X, we can
define a random vector in which its components
get only non-negative values, V=Y -X2>0,
where 0 is n x 1 vector of zeros. Then, as V
is non-negative random vector VaR, (U) > 0, and
thus 7,5 (V) >0,

T (Y —X) = E (V|V > VaR, (V)) > 0.

4. Similar to the Esscher premium, the MCEP is not
positive homogenous, but, the semi-positive ho-
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mogeneity property holds, as follows:
E (aXe‘ﬁ”TX|aX > aVaR, (X))
E (eMX|aX > aVaR, (X))

)
)

T\ (aX) =

E (XeNX|X > VaR, (X)
=a
E (eMX|X > VaR, (X))
= ATy, g\ (X) .

5. The proof is similar to the proof of the semi-
subadditivity of the MTCE for elliptical distribu-
tions shown in Landsman et al. (2016). From
(McNeil et al., 2005), Theorem 6.8, we notice
that for any matrix B with n x (2n) dimensions, in
the case of elliptical random vector X,

VaR, (BX) < BVaR, (X). (12)
In our case B = ( Lixn Iuxn ).Then, since
{BX > BVaR,(X)} = {X > VaR, (X)} we have

T (X1 + Xa)=E (BXeB”X|Bx > VaR, (Bx))
<E (BXem”TX|BX > BVaR, (X))

— BE (Xe”X|X > VaR, (X))
SO
Tor (X1 +X2) < ﬂa,x(X)l +7tg 0 (X)),

4 DERIVATION OF MCEP FOR
ELLIPTICAL MODELS

In risk measurement, the family of elliptical distri-
butions is important since this family has desirable
properties which were shown in the previous Section.
This class is used to model loss distributions of some
random risks associated with this family (Landsman,
2004; Valdez and Chernih, 2003; Xiao and Valdez,
2015). Therefore, it is natural to derive the condi-
tional Esscher premium for the family of elliptical dis-
tributions.

Before we derive the MCEP measure for ellipti-
cal models, we define a cumulative generator G, (u),
(Landsman and Valdez, 2003), which takes the fol-
lowing form

Gow) = [ aula)da. (13)

Furthermore, let us define a shifted cumulative gener-
ator G, () (Landsman et al., 2016)

*

En—l(u) :/gn(q+a)dQ?a207 n> 1a
u

under the condition that G, ;(0) < co. For the
sequel, let us define the random vector of risks
X v E,(u,X,gn), and a standard random vector
Z =X '2(X —pu) « E,(0,1,g,). Furthermore, de-
fine {, = £~'/2 (VaR, (X) — ), x, = VaR, (X), and

T
cqﬁ—i = (gqlﬁl’"'7chJ—lvqu+1~,i+17Cqmn) , and we

introduce the tail function of (n — 1)—variate random
vector Y;, Fy,(y),

FYi(Y)
:/ in(u)du7 wyec Rn7]7 du= dM]sz...dum
y

where fy,(u) is the elliptical pdf
fY,’ (Y)
Lo (1 o= (1 1
= Cnfl,ianl.i <2)’TY> = Cnfl.,iGn <2)’TY+2C3,1'>,
i=1,2,...,n.

Lemma 1. Lemma 1. If Mx 4 (A) < oo, the conditional
moment generating function of X is given by

1 F
i () = iy, (A7) 22 sy
q

where Fy is the tail function of a random vector © with
the pdf

1 1 1
L) =, <2tTZt> M g <2tTt) .

s)
Proof. From the definition of Mx , (A), we have
Mx 4 (A)
o [ s g (Ax—p)TE (x—u)) dx
VaR,(X)

Fx(xq)
after the transformation z =X~'/2(x — u), we have

en R 5, (1) e
Mx 4 (A) = !

Fx (x4
cae B [ M2 g (3272)dz
_ &
Fx (Xq)

Taking into account (15), we conclude that

oo 1 1 _
o [ #3%, (3a72) vy, (33752 o 50,
-
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and finally,

Mx 4 (A) = Cneﬂ#‘lfgn (;XTZX> F

We note that the proof of Lemma 1 is based on the
same method introduced in (Landsman et al., 2013)
which derived the TCE and TV of the elliptical distri-
butions, respectively.

Theorem 1. Theorem 1. Suppose that the conditional
moment generating function of X, Mx 4 (\), exist,

and that E (XieVX|X > VaR, (X)) oo Vi=1,2..

. Then, the MCEP for the multivariate elliptical dis-
tribution, n > 1, takes the form

T (X) = p+ 2% (16)

Here ), is n X 1 vector of that depends on the g —th
percentile

T ). (A7)

where each component of (17) is

T
. 1(4Ty1/2 Ty1/2 oy
v ) ng
iq Ve, (IATEN) Fo(Sa) i

Xgr = ( X1g X2

n (hTZI/Z) g, (31 TA) Fo- (%) 2R
i Vg, (FMEA) Fo(Sg)c

with the pdf’s of 0** € R" and 6} eERi=1,2,..,n,

1 1o _ /1
(=g, (EtTZt) MG, <§tTt) tER",

(18)
and
L7\ (ATz!2) _u
fef(u) Vg, |\ u (19)
* Vak 1 T
Cu—1,Gn_1 5‘1 u
,ueR”*l,

with the cumulative generator

. y 1
Grriw) = [nla+520da.

where c;, and c;,_, ; are the normalizing constants of

(18) and (19), respectively.
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Proof. From the definition of 7ty (X), we have

na,k(X)
__
B Mx 4 (A)

=

T _
[ xeM Xz g, (S(x— )T (x— ) dx
VaR,(X)

Fx(xg)

Now, substituting z =X~ /2 (x — i), we obtain

Tr‘q:?\,(x)

Cn(;f(quZl/zz)e?»T(wE‘“Z) 1572, (A2 2) [5]12 dz
q

eMiyg, (34754 Fo (&)

cnZ!/2 fzeﬂ):]/zzg,, (1272)dz

-
Ve, (3t72) Fo (Gy)
=p+ ZI/ZXwa

with X, 3 an n X 1 vector of the form

Cn

Ty, (3t7Et) Fo (¢,

Qg )Tv

(20)

Xq.,k ) ( (xl.q a2,q

where

r 1
Qg = /zieﬂzl/zzgn (2ZTZ) dz.
&y

From (13), and after some algebraic calculations, we
have

ig

= oo

Ty1/2 )
a0 |
Cq,fi Cq,i

g(xTzl/z)iZi

—_ /1 1
-d;Gy (21,7;1,,'111—1,—1' + 2Zl'2> ’

where z, = (21,2, Zy 1, =
"z

1
T . .
(21,225 -1 Zi=1,Zi41,-52n) » and {g; is the i—th
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element of vector .

Qig = /dznf1,71‘6(}]21/2)—’1’1’“‘[e(ﬂzl/z)”z“"
Cq,—i

— (1 1,
G<2n]l l+2Z )

o

4 (xTZI/Z)‘/e(xTZI/Z)I_Zi
Z;q,i

1 1
.Gn (2 ,{ I,ZZn 11+2Zl>dzl]

:e(lrzl/z)izi‘q/e(}‘rzl/z)fizn—lwf
Cq,—i

— /1 1
G, (215_1’_1'Zn—1,—i + ZZ,‘Z,q) dzn—l,—i

+ (KTZI/Z)_/exTZI/ZZ”G (z z,,) dz,.
1

&

Finally, from the random vectors 6} and 6**, we ob-
tain

Qig = ¢ 1 = Y&._,, (i (}LTZm): (KTEI/Z) i)

n—1,i

'Fe;‘ (Cq,fi)

ATE!/2). 1 _
+ QW@ (21T2k> Fo- (Cq)-

*
Cn

O

Remark 1. Remark. The calculation of the compo-
nents X; 4 can be computed explicitly for special mem-
bers of the elliptical distributions (e.g., the normal,
logistic and Laplace distributions), in the same way,
that was obtained in (Dhaene et al., 2008).

Corollary 1. Corollary 1. Suppose  that
T
X = (XD - Bl = (M) men)
X,

where (X{,Xg)T, X1,X5 € R*, has uncorrelated
components (i.e. ¥ is a diagonal matrix). Then, the
MCERP takes the form

T (X) = p+ 0%, - (21)
Here ¢ = diag(,/cn,...,,/csnn)T where G©;; is the

variance of the i-th random variable of X, and ;4

is expressed as follows:

x. n 1, ( (}\'G) ( ) i) FOT (ZqIanl)Cn
o &n (%KTZX) Fe (2q12n) Cyy;
vz (3ATIN) Foe (zg12,)
+7\, P G, (2 0 q12n)Cn
\/ann (17\’7‘27\’) Fe ZqIZn)

where 1; = (1,1,...,1) is vector of k ones, and z, =
VaRq<Z),Z\/\E1(O,],g1>.

Proof. As X and X, are uncorrelated random vec-
tors, X is a diagonal matrix, so

L =272 (VaR, (X) — ) = 212,
This gives us the following expression of 7, » (X)

Ty (X) = u+ %20

O

Lemma 2. Lemma 2. For the random vector

(X1,X%)"

X, X\ ~E M1 611 O12 _
( 1 2) 2<( L ) G1n Oxn ,82

Then, the conditional Wang Esscher premium
7,0 (X1,X2) is

G105 Vg, (3A362) Foe (L24)
T (X1, X2) = 1 + 152 G, (3M502) F 4
(&) ng (57\, 622) Fe (C2,q)

(22)

where 6; = \/Gj;.
Proof. From the definition of 7y 5 (X1, X2), we have

T (X1,X2)

= E(X,eM|X; > VaR, (X2))
1

a Mx, 4 () .

af f

—oVaR,(X,)

w272 g (J(x =) 27! (x—p)) dx

Fx,(x24)

e [ [ (u+z101) Mt gy (1272) dz

—0q

My, (lkZGﬂ)F(? (C2)
f f 2. G, (3272) dz

—o0

Caq

=ur+01c3 —
o (31%022) Fo (C2)

Then, after some calculations, and by using the
marginality property of the elliptical distributions,

107



ICORES 2019 - 8th International Conference on Operations Research and Enterprise Systems

s [ r .G, (%ZTZ) dz
o1y >y,

T (X1,X2) = 1 + —~ —

q Ve, (322022) Fo (Coq)

i Mo -Gy (%Z%) dzp
Gicy Gy

i W (33%02) Fe (Log)

=+

and from the characteristic function of the elliptical
distributions

) — . 5162 Y5, (3M3022) Fo- (Layg)
o (X1, X2) = 1 + =~ e
I Ve (3M02) Fo(Gay)

O

Theorem 2. Theorem 2. Let X «~ E,(u,X,g,) and let
S=X1+Xo+... +X;, s0

(x;,8)" (23)
n
Hi i Y,Oi
n i—=1
N E2 Zy] 5 n / y 82 )
j=1 ZGij Gss
j=1

n
where Gsgs = Z Gjj. Then
ij=1
e (X1 S) = g 3 ¥, (3120ss) For (Gsq)
] is —H * —= )
’ 1 W (3M0ss) Fo (Cs,)

where (s, = VaR, (S).

Proof. From the marginal properties of the elliptical
distributions, we know that the distribution of (X;,S)”
is (23). Then, from Lemma 2, we immediately have
6ics Vg, (3M0ss) Foe- (Cs,q)
i Wy (3M0ss) Fo (Cs,)
O

na.7\,<Xia S) = Mi +

S EXAMPLES

In this Section, we show several special members of
the elliptical family where the MCEP can be com-
puted. For computing the MCEP we need to compute

Xgn (17).
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5.1 Normal Distribution

Suppose that X « N,(u,X). Then g,(u) = e,
SO Cngn(%xTX) = O (X) = (2n)7"/2exp(—%XTx)
and ®,(x) is the n — rh multivariate standard
normal pdf and cdf, respectively. In this case

e = 2n)™%, Gu(u) = e = gu(u). Thus
Gy 15 (37y) = exp(=4 (y'y+C2, ) s0

1 1
Joer (€) = fo (1) < exp <2tTEt+ ATx!/2¢— 2tTt>

,teR",
and
1 7 Ty1/2 17
[y (w) o< exp Ju u+(7u z ) u-suu
i i
ueRL

5.2 Logistic Distribution

Suppose that X has a logistic distribution. Then its
pdfis

e exp(—g(x—p)"Z ! (x—p)
VI [1 +exp (A (x—p)TE- 1 (x— )]

and we write X « Lo, (u,X) (Gupta et al., 2013). In
this case the density generator is

fx(x) =

exp(—u)

0 i enpt -

and ¢, is

=)

-1
Cnp = (27[)7}1/2 [Z(_l)jljlll/zl 7

Jj=0
see (Landsman and Valdez, 2003), and the cumulative

generator G, (u) is

e—u

— 7 e
Gn(u):/“+ex]2dx= =

Then, f,(t), f.. (t), and £, (u) are, respectively,

exp (—3t7t)
[1+exp (—%tTt)]2 '

1 -1y 1/2
fe (t) o< Wgn <2tTZt) e}\’ B

exp (f%tTt)

1.7 - ATx!/2¢
w(t)exys | =t° Xt e
Jors (1) = ¥, (2 ) 1+exp (—1t7t)
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and

1 -1 Tyl1/2
fl ( ) WGn ” <2llTll> 6(7L z )*iu

exp( ful u+2z )
1+exp( JuTu+lz )

,ue R
We note that while yg and Vg . can be difficult

to calculate, these characteristic functions are reduced
when applying them in the MCEP 7, (X). In fact,
for the i — th component of ), 3,

[ T4,

Xi,q = Fe (Cq)
exp( lu u+(7»T21/2) > )
/ T du
- 1+exp(—3u u+ 3z )

q,—
“exp —jz Tz A5/ )
+/ dz).

1+exp (—127z)

5.3 Laplace Distribution

We say that X is multivariate Laplace random vector
if its pdf has the form (Fang, 2017)

00) = g (= (x—x! (x-) ")

and we write X «~ La, (4,X). Then, the density gener-
ator and the characteristic generator are, respectively,

gnlu) = e~V and
1
l+u

Y, (1) =
In this case G, (u) is
Gp(u) z/me‘/ﬂdx: (1+\/27¢) eV
Then, f,(t), f,.. (t), and fe?‘ (u) are, respectively,
£, (t) = (1 + ;tTZt) M-V

fe** (t)
-1
< Vg, (ltTEt> M (14 VAT

teR",

and

Notice that although yg and Vg . can be difficult

to calculate they can be reduced when applying them
in the MCEP 7, (X). For the i —th component of

Xg

Ty1/2
Xi,q — [ (7\, x )
}\’Tzl/z 'u_ /uTu+Z%q> du
Cq —i
+/exp VT2 + A5/ )dz]

6 DISCUSSION

In this paper, we have shown how to model the Ess-
cher premium principle for a system of mutually de-
pendent risks with the underlying elliptical model,
which is common in the world of risk measurement
and actuarial science. Furthermore, we derived the
conditional moment generating function for the fam-
ily of multivariate elliptical distribution, in which the
MTCE measure is a special case,

d
MTCE,(X) = 55 Mx.4 (M) [r=o-

The MCEP measure quantifies the premium of a
vector of dependent risks under the condition that an
event outside a given probability level has occurred.
We derived a general formula of the MCEP for the
elliptical distributions

T (X) = u+ 2%,

We then derived the MCEP for aggregate risks, based
on the Wang’s premium with exponential tilting,

o1 Vg, (%xZGSS) Fo: (Csyq)
Hit —

T XhS F -
wal8) =t e (o)
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