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Abstract:

e The paper considers a multivariate distribution whose coordinates are compounds. The number of
the summands is itself also a multivariate compound with one and the same univariate Power series
distributed number of summands and negative multinomially distributed summands. In the total
claims amount process the summands are independent identically distributed random vectors. We
provide the first full characterization of this distribution. We show that considered as a mixture this
distribution would be Mixed Negative multinomial distribution having the possibly scale changed
power series distributed THE first parameter. We provide an interesting application to risk theory.
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1. INTRODUCTION AND PRELIMINARY RESULTS

It seems that Bates and Neyman [3] were first to introduce Negative multinomial (NMn)
distribution in 1952. They obtained it by considering a mixture of independent Poisson dis-
tributed random variables (r.vs) with one and the same Gamma distributed mixing variable.
Their first parameter could be a real number. Wishart [25] considers the case when the first
parameter could be only integer. He calls this distribution Pascal multinomial distribution.
At the same time Tweedie [24] obtained estimators of the parameters. Sibuya et al. [18] make
a systematic investigation of this distribution and note that the relation between Binomial
distribution and Negative binomial (NBi) distribution is quite similar to that between the
Multinomial distribution and NMn distribution. The latter clarifies the probability structure
of the individual distributions. The bivariate case of the compound power series distribution
with geometric summands (i.e. n =1 and k = 2) is partially investigated in [12]. Another
related work is [10].

A version of k-variate negative binomial distribution with respect to risk theory is
considered in [2, 26]. The authors show that it can be obtained by mixing of iid Poisson
random variables with a multivariate finite mixture of Erlang distributions with one and
the same second parameter. Further on they interpret it as the loss frequencies and obtain
the main characteristics. Due to covariance invariance property, the corresponding counting
processes can be useful to model a wide range of dependence structures. See [2, 26] for
examples. Using probability generating functions, the authors present a general result on
calculating the corresponding compound, when the loss severities follow a general discrete
distribution. The similarity of our paper and papers [2, 26] is that both consider the aggregate
losses of an insurer that runs through several correlated lines of business. In (2.1) and (2.2)
[2] consider Mixed k-variate Poisson distribution (with independent coordinates, given the
mixing variable) and the mixing variable is Mixed Erlang distributed. More precisely the
first parameter in the Erlang distribution is replaced with a random variable. The mixing
variable is multivariate and the coordinates of the compounding vector are independent.
In our case the mixing variable is one and the same and the coordinates of the counting
vector are dependent.

Usually Negative Multinomial (NMn) distribution is interpreted as the one of the num-
bers of outcomes A;, i = 1,2,...,k before the n-th B, in series of independent repetitions,
where A;, 7 =1,2,...,k and B form a partition of the sample space. See e.g. Johnson et al. [7].
Let us recall the definition.

Definition 1.1. Letn e N, 0<p;,i=1,2,....,k and p; +p2 + -+ pr. < 1. A vector
(&1,&2, ..., &) is called Negative multinomially distributed with parameters n,p1, p2, ..., Pk,
if its probability mass function (p.m.f.) is

P(&G=i1, &a=1is, ..., &=1)) =
_ <n+i1+i2—|—~-+ik—1> i in

(1 = — Dy — e — )7
i1, d2y i, — 1 pipy ey (L= pi=p PE)"

is=0,1,.., s=1,2,.. k.

Brieﬂy (£I7£27"'7£k) ~ NMn(n;phan 7pk‘)
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If Ay, As, ..., A;, describe all possible mutually exclusive “successes” and the event A; N
As N --- N Ay, presents the “failure”, then the coordinates &; of the above vector can be inter-
preted as the number of “successes” of type A;, ¢ = 1,2, ..., k until n-th “failure”.

This distribution is a particular case of Multivariate Power series distribution. (The
definition is recalled below.) Considering this distribution for £ = 1, we obtain a version of
NBi distribution used in this paper. We denote the membership of a random variable &; to
this class of distributions by & ~ NBi(n;1 — p1).

Notice that the marginal distributions of NMn distributed random vector are
; — . P i —
NBi(n,1 - p;), pi = =,

is Ge(z) = Ezb = (ll:p’;iz)n, |z] < i, 1=1,2,..., k.

More precisely their probability generating function (p.g.f.)

The distribution in Definition 1.1 is sometimes called Multivariate Negative Binomial
distribution.

For n =1 the NMn distribution is a Multivariate geometric distribution. Some prop-
erties of the bivariate version of this distribution are considered e.g. by Phatak et al. [15].
A systematic investigation of multivariate version could be found e.g. in Srivastava et al. [21].

If (&1,&2,...,&k) ~ NMn(n;p1,pa, ..., k), its probability generating function (p.g.f.) is

n
l—p1—p2—-—px
)

1.1 G ez, 29,0, 21) = {
(1.1) £1,62, 7§k( ) 1 — (p121 + paza + - + przk

Ip121 + p2zo + - + prak| < 1.

For m = 2,3, ...,k — 1, its finite dimensional distributions (f.d.ds) are, (&, &y, .., &) ~
NMn(n; piyy Pigs ey Piyy ), With

bi
(1.2) Pi. = 2 , s=1,2..m,
z 1 o ng{ilai%mﬂ:m} p-j

and for the set of indexes 1,11, ..., 15—, that complements i1, 4o, ...,%, to the set 1,2,....k
its conditional distributions are

(55175527---,§;k7m| Cin="1, & =n2, .., Eipy=Nm) ~

(1.3)
~ NMn(n+ny+ng 4+ s Dy, 97,y ees D7, ) -

More properties of NMn distribution can be found in Bates and Neyman [3] or Johnson et
al. [7].

The set of all NMn distributions with one and the same pq,po, ..., pxr is closed with
respect to convolution.

Lemma 1.1. Ifr.vs S; ~ NMn(n;;p1,p2,...,Dk), ¢ = 1,2,...,m are independent, then
the random vector

(14) Sl + SQ + -+ Sm ~ NMn(nl +ng + - + Ny P1, P2, 7pk) .

One of the most comprehensive treatments with a very good list of references on
Multivariate discrete distributions is the book of Johnson et al. [7].
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The class of Power Series (PS) Distributions seems to be introduced by Noack (1950) [13]
and Khatri (1959) [11]. A systematic approach on its properties could be found e.g. in
Johnson et al. [8]. We will recall now only the most important for our work.

Definition 1.2. Let @ = (ag, a1, ...), where a; > 0,7 =0,1,... and # € R is such that
(o ¢]
(1.5) 0 < ga(0) => and" < oo.
n=0

A random variable (r.v.) X is Power series distributed, associated with the function gz and
the parameter 6 (or equivalently associated with the sequence @ and the parameter 0), if it
has p.m.f.
071

(1.6) P(X=n)=2"_  n=0,1,..

9a(0)
Briefly X ~ PS(a1,ag, ...;0) or X ~ PS(gz(x);0). The radius of convergence of the series (1.5)
determines the parametric space © for §. Further on we suppose that 6 € ©.

Notice that given a PS distribution and the function gz the constants 8 and a1, as, ... are
not uniquely determined, i.e. it is an ill-posed inverse problem. However, given the constants
0 and ag,ay, ... (or the function gz(x) and 6) the corresponding PS distribution is uniquely
determined. In this case, it is well known that:

e The p.gf. of X is

(1.7) EzX =

e The type of all PS distributions is closed under convolution and more precisely if
X1 ~ PS(g1(x);0) and Xo ~ PS(g2(x);0) are independent and 6 € ©1 N Og, then

(1.8) X1+ X5 ~ PS(g1(x) g2(2);0) .

e The mean is given by

95(0)

(1.9) EX =0 2

= 9[log(ga(9))]'.

S}

From now on we denote the first and the second derivative of g(z) with respect to z
briefly by ¢'(z) and ¢"(x).

e The variance of X has the form

(1.10) Var X = 62[log(ga(6))]" + EX ;

e The Fisher index is given by

[log (9a(0))]"

FIX=1+6 .
" Tlog (92(0))]
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We show that the class of Compound Power Series Distributions with Negative Multi-
nomial Summands is a particular case of Multivariate Power series distribution (MPSD)
considered by Johnson et al. [7]. Therefore let us remind the definition and its main proper-

ties.
Definition 1.3. Let 6; >0, j =1,2,....,k be positive real numbers and a, ;, ..i\)
i; = 0,1, ..., be non-negative constants such that
(o] o )
(1.11) Az (01,02, ...,00) = > - Z (irimin) 0105 - O}F < 00
i1=0  ix=0

The distribution of the random vector X = (X1, X2, ..., Xi) with probability mass function

n1pna nk
A(ny,na,...,nx) 01 92 "'ek

A[i(elv 027 ey Hk‘)

P(Xlznl, X2 =MN2, ..., Xk :’I’Lk) ==

is called Multivariate Power Series Distribution (MPSD) with parameters Az (%), a(, is,....iy)

and 0 = (01,02, ...,0;). Briefly X ~ MPSD(Az(Z),6). As follows, O denotes the set of all
parameters 6 = (01,02, ..., 0) that satisfy (1.11).

This class of distributions seems to be introduced by Patil (1965) [14] and Khatri (1959)
[11]. A very useful necessary and sufficient condition that characterise this family is obtained
by Gerstenkorn(1981). It is well known (see e.g. Johnson et al. [7]) that the p.g.f. of X is

Aa(@lzl 9222 kak)
1.12 E Xe — R A
(1.12) A Az(61,62,....0,)

(0121, 0222, ..., 0r21) € O

Through the paper k = 2,3, ..., is fixed and it corresponds to the number of the coordi-

nates. We denote by 2 the coincidence in distribution, by “~” the fact that a r.v. belongs to

a given class of distributions, by G¢, ¢, . ¢ (21, 22, ..., 2K) = E(zfl--- zi’“), the joint p.g.f. of a
random vector (&1, &a, ..., &) and by FI¢ the index of dispersion of the r.v. £ (i.e. the variance
of ¢ divided by the corresponding mean).

One can consider the different concepts for compounds. We use the following one.

Definition 1.4. Let 5 (5(1) 13 , ,§ ) 1 =1,2,..., be ii.d. random vectors and
N be a discrete r.v. independent on them. We call compound, a random vector Xy =
(x xP ) x ), defined by

N
XV = Iy )87 =

=1

{zf\;gﬁ) if N>0,

0 otherwise,

The distribution of £ is called compounding distribution.

Further on we are going to use the following properties:

1. GX'N(Z) = GN(GE(Z))
2. If EN < oo and E€ < oo, then EXy = ENEE (see [17], Cor. 4.2.1).
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3. If Var N < oo and coordinate-wise Var £ < oo, Var Xy = Var N(E€)2 + EN Var§
(see [17], Cor. 4.2.1).

4. FIXy = FIN E€ + FIE.

Notice that properties 2. and 3. are particular cases of the well known Wald’s equations.

Here we consider a multivariate distribution which coordinates are dependent com-
pounds. In the notations of the Definition 1.4, N is PS distributed and { is NMn distributed.
The cases when N is Poisson distributed is partially investigated in 1962, by G. Smith [20].
In Section 2, following the traditional approach about definition of distributions, first we
define this distribution through its p.m.f., then we investigate its properties. We consider the
case when the summands are NMn distributed. We obtain its main numerical characteristics
and conditional distributions. Finally explain its relation with compounds and mixtures.
We prove that the class of Compound Power Series Distributions with Negative Multinomial
Summands is a particular case of Multivariate Power series distribution and find the explicit
form of the parameters. We show that considered as a Mixture this distribution would be
(possibly Zero-inflated) Mixed Negative Multinomial distribution with possibly scale changed
Power series distributed first parameter. Using these relations we derive several properties
and its main numerical characteristics. In Section 3 the risk process application is provided,
together with simulations of the risk processes and estimation of ruin probabilities in a finite
time interval.

2. DEFINITION AND MAIN PROPERTIES OF THE COMPOUND
POWER SERIES DISTRIBUTION WITH NEGATIVE MULTINOMIAL
SUMMANDS

Let us first define Compound Power series distribution with Negative multinomial sum-
mands and then to investigate its properties.

Definition 2.1. Let m; € (0,1), j=1,2,..,k, mp:=1—m —m —--- —m € (0, 1),
as>0,s5s=0,1,... and 8 € R be such that

(2.1) 0 < gz(0) = Zanen < 00.
n=0

A random vector X = (X1, X9, ..., X}) is called Compound Power series distributed with neg-
ative multinomial summands and with parameters gz(z), 0; n, 71, ..., 7, if for i = 1,2, ..., k,
m; =0,1,2,..., and (mq1,ma,...,mg) # (0,0,...,0),

P(Xlzml, X2 =ma, ..., Xk:mk) ==

_ ﬂ'lnlyr;m...ﬂz% © o gn+mi+mo+ - +my —1 n
(2.2) —TZ%‘ o T
. 9a = m1, Mg, ..., Mk, IN
(0
P(X1=0,X2=0,..., X;3=0) = 9‘;{(?3))
a

Briefly X ~ CPSNMn(g;L(:E), 0; n, w1, M, ...,7rk) or X ~ CPSNMn(Ei, 0: n, w1, m, ...,7rk). !

'For n =1 and k = 2 see [12].
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In the next theorem we show that this distribution is a particular case of MPSD(A(Z), )
considered in Johnson et al. [7].

Theorem 2.1. Suppose m; € (0,1),i=1,2,..,k, mg:=1—m —mg—--- —m € (0,1),
a; >0,i=0,1,... and 0 € R are such that (2.1) is satisfied. If
X ~ CPSNMn(ga(x),H; n, T, o, ...,wk) ,
then:
1. X ~ MPSD(A(Z),6), where 6 = (1,72, ..., 7), a,....0) = 9a(0m).
(

For (il,ig,...,ik) 0,0,...,O),

. fgn+i i+ i — 1 nj
a(ilvi%“'vik) - ZCL] 9] ( ’L.17Z'2,...,’L'k,jn— 1 7T0 ’

Jj=1

,ﬂ.n
A ) ERER] = a 0 0 )

z;€(0,1),i=1,2,....,k and x1 + x2 + -+ + x € (0,1).

2. For |7T121 + Moz + - —|—7rkzk\ <1,

o

n
9a |:0(1—(7T121+7T222+"‘+7"kzk)) ]
Gx1 X, Xi (21, 225 000y 21) = 9z(0)
a

9a [0 (m+7r1(1—z1)+7r2(17r—022)+' e (1—2k) )n ]
ga(0) '

3. Forallr=2,3,...,k,

T4,
Y Y
O + Ty + Wiy + -0 + T,

(Xiyy Xigy ooy X)) ~ CPSNMn(ga(x),G; n

ﬂ-ZQ Ty
o + iy + Ty + oo+, w0 A Ty A Ty A,

4. Fori=1,2,..,k,

. T
X; ~ CPSNBi| gz 0;
l (et b ),

g1 |0 (st |

ga(0) ’

Gx,(z) = |mizi| < mo + 7,4

- — n0log(ga(®)]' T = np i 96l
EXi = n6[log(ga(®)] = = nb - (@)’
Var X; = nfrg [ 0 10g (92(6))]" + [10g(9a(9)) ] (o + miln + 1)) .

FIX; = 14+ 2% (ne[log(%WJrnH) .
70 [log(ga(0))]
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5 Fori#j=12,..k,

(% X,) ~ OPSAn (gala) O, — T T )
mo + m; + ;o wo + m + 7y
Ja 0 i 1—2z; 7771'? 1—z)m;
GXi,Xj(Zi,Zj) = [ < ot gﬂ()9)+( ) j> } , |mizi —|-7Tj2j‘ < T+ W+ 75,
nm;m; 0
cov(X;, X;) = 7r2] {n@ [log ga(ﬁ)]//—l- (n+1) [log ga(e)]/} ,
0
(FIX; —1)(FIX; —1)
X, X)) = .
cor(Xi, X;) \/ FIX; FIX;

6. Fori,j=1,2,.,k j+i,

(a) For m; # 0,

mo + 7; " 7Tlmi
P(Xi:mi]Xj:mj) = e
7

mo + W + 7 (mo + mi + m5)™i

Zoo a es(sn—l—mi-l—mj—l)! 0 ns
s=17"8 (sn—1)! To+Ti 4+

i=0,1,...

( + _1)' ns b mZ M b

Z?il Gs 0 mzsnni]l)! <7TOT7Tj>

n
(b) (XZ-]X]»:O) ~ CPSNMn [as, =20 ( 0 ); n, i } ,

mo + 75 mo + m; + 7
o
P(X;=m;| X;=0) = L

m;! (71'0 + m; + Wj)mi
+m;—1)! "Ie
Z:il as (ST(Lsnnzl)!) [9(71’071)7@> :|

)]

m; € N,

P(X;=0|X;=0) =

(¢) Fori,j=1,2,..,k, j#i,mj=12,..,

o + 7 e
E(ZXZ|XJZTI’LJ) = 0 J
v mo + 75 + T — 2y

00 (sn+m;—1)! X "o
ZSzl as ° (sn—1)! {0 <7T0+7Tj+gri_zi77i> }
00 sn+m;—1)! s e ’
Zs:l CLS( (snjl)! ) [e(ﬂo-‘fﬂj> :|

ST

E(25X;=0) = g [0<m)n]
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(d) Forz;=1,2,..,

o 2s=1 % ((SST—?))!! [9 (Tro?m )”} s
=

B(Xi|X;=2) =

ni; Zoilsas [9<7ro7$7r] )nr
Ty + 7y Z [e(mﬂrm >nr
0

nompr: %19 (525) |

R oz )]

TI'()+TI']'

E(Xi|X;=0) =

7. X1+X2—|—~'+Xk~CPSNBi(gd(a:),Q; n,l—Tro).
8. Fori=1,2,...k

(Xi, X1+ Xo+- + X — Xz) ~ C’PSNMn(ga(x),G; n,mi, 1 —mg — ﬂ'i) .

9. Fori=1,2,...k,meN

1—71'0

Sketch of the proof:

1. We substitute of the considered values and function A in the necessary and sufficient
condition, given in p.154, Johnson et al. [7], for MPSD and prove that the following two
conditions are satisfied:

2(0,0,...,0)

P(X1=0,X3=0, ..., Xz =0) = A(01, 09, ..., 05)

P(X1:n1+m1, Xo=ng+ma, ..., Xk:nk—i—mk)
P(X1: ni, X2 =MN2, ..., Xk :nk)
a(

mg,N; = 0, 1, ceey 1= 1, 2, ceey k.

nl+m17n2+m27-v-ynk+mk) 0’177,1 67271,2 . QZ’L]C

a("l:”%m’nk)

2.—3. Analogously to [12], who works in case n = 1 and k = 2. Here we have used the
definition of p.g.f., the definition of gz(x) and the formula

e 11+Z2+ +Zk+7‘_1) 11 .12 ik 1
ZZ Z Ty Lyl =
il ig! il (r — 1)! (1—21 —x9 —

P r
11=012=0 i, =0 k)



56 P. Jordanova, M. Petkova and M. Stehlik

6.(a) For m; =0,1,... we substitute the proposed parameters and function in the
formula of p.m.f. of PS distribution and obtain the above formula
ZOO a.0° (snt+mi+m;—1)! ( o )ns ( L) i
s=1"$ (sn—1)Im;! mo+mi+7;5 T+ 47
P(XZ:m1|XJ:mj) = ' s %
EOO ZOO 0.0 (sn+k+m;—1)! T T
k=0 £us=1""s (sn—1)k! T+ +7; To+T4 5
ZOO 95 (sn+mi+m;—1)! 0 ns Lo i
s=1s (sn—1)m;! T+ 47 To+Ti 4+
- ns k
00 as ﬂ— oo (sntk+m,;—1)! e
Z 1)!98 (ﬂ'o+ﬂ'?+ﬂ'j> Zk’zO k! . <7T0+7Ti+ﬂ'j)

s=1 (sn—

Eoo a es(sn-i—mi—i-m]-—l)! o ns T i
s (sn—1)Im;! To+7; 475 T+

s=1
o ZOO as__ps o ns (sn+mj;—1)!
s=1 (sn—1)! T+ {1 ( - )} snAm;

7TO+7T75+7"]'

_ 1 T i o + 75 i
m;! \ mo + i + ; mo + mi + 7
(sn+m;+m;—1)! T

ZOO as0® (sn—1)! (7r0+7ri+7rj)

s=1
Zoo as0%(sn+m;—1)! o ns
s=1 (sn—l)! 7r0+7rj

6.(c) and 6.(d) are analogous to [12], who work in case n =1 and k = 2.

9. For 1 =1,2,....k, m € N, we use 7., 8., the definitions about CPSNMn distribution

and conditional probability, and obtain
P(Xi:s,Xl—l—Xg—I—--'—{—Xk:m)
PX;=s|X1+Xo+ -+ Xp=m) =
( i ’ 1 2 k ) P(X1—|—X2+"‘+Xk:m)
. P(Xi:S,Xl—I—XQ—I—---—{—Xk—Xi:m—S)
PX1+Xo+ -+ X =m)
_ ; jn+m—1 -
Wf(l_ﬂ-o_ﬂ-i)m Szjo'ilajej <s,m—s,jn—1>ﬂ-g]
N o i (JnEm=1Y\
(1 - 71—O)m Zj:l ajej ( m, jn — 1 ) o
_ i j —1)! j
T (L —mo — )" 320 aj“% 0’

= G 1) _nj
(1= mo)™m 352, a3 Uttt s

m T ° T mes
= . 1——), s=0,1,...,m.
S 1—7T0 1—7T0

We use the definition of Binomial distribution and complete the proof.

in this theorem states that also in the univariate case

Note 2.1. The conclusion 1.
the CPSMNn distribution is just a particular case of PSD with more complicated coefficients.

The next theorem presents this distribution as a mixture.
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Theorem 2.2. Suppose n€ N, m; € (0,1), i=1,2,....k, mg:=1—m —mg— -+ — 7T} €
(0,1), a; >0, 7=0,1,..., 6 €R are such that (2.1) is satisfied and X~ CPSNMn(ga(z), 6;
n,m, T, ...,7rk). Then there exists a probability space (2, A,P), a r.v. M ~ PSD(gz(x),0)
and a random vector Y = (Y1,Ys, ..., Yy) defined on it, such that ?\M =m ~ NMn(nm,n,
Ty ey M), M= 1,2, ..

P(Y1=0,Y2=0, ...V, =0|M=0) =1,
and X 4 Y. Moreover
1. For|miz + moze + - + mpzp| < 1,

( - )
7T0+71'1(1—2:1)+7T2(1—22)+"'+7Tk(1—zk) .

Gx,, Xo,.. X3 (21, 22, -y 21) = Gu

2. Fori=1,2,.. .k,

EX; =nEMT | =12 ..k,
70
2 . .
VarX; = VarMn® 5 4 par, ST £
7o 7o
= n 2 EM| D (nFIM +1)+1],
0 o

FIX; = 1+ 2 (nFIM +1).

0
3. Fori#j=1,2, ..k,
cov(Xs, X;) = n 2l {n FIM + 1} EM,
o
(FIY; —1)(FIY; —1)
X, X;) = .
COI"( (2 ]) \/ FI}/; FIY7

Note 2.2. Following analogous notations of Johnson et al. [7], the above two theorems
state that CPSNMn distribution coincides with

Iiprsoy NMn(nM, 7y, 72, ..., T) /\ PSD (ga(:n); 9),
M
where I/~ is a Bernoulli r.v. or indicator of the event “AM > 0”.

The following representation motivates the name of CPSNMn distribution.

Theorem 2.3. Suppose m; € (0,1),i=1,2,....k, mp=1—m — - —m € (0,1), ax >0,
k=0,1,..., and 6 € R are such that such that (2.1) is satisfied. Let M ~ PS(gz(x);0) and
(Y, ..., Y®)) ~ NMn(n; 7y, ..., ;) be independent. Denote by Itpr>0y the Bernoulli r.v. that
is an indicator of the event {M > 0} and defined on the same probability space. Define a

random vector (TJS),T]E;), - T]E?)) by

M
(2.3) ng) = I{pr>o) ZYi(]) =
=1

M (@)
M yY if M >0,
{Z” i ! i=1,2 .. k.

0 otherwise,
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Then
1. For m €N, (TE),TE), ...,T]E/];)\M:m) ~ NMn(nm; T, T2, ...,7Tk),'
2. (T]S),Tﬁ),... T(k)) C’PSNMn(ga( ), 0;n, 7T1,7T2,...,7Tk),'

3. (TJS),TJS),...,TM |M>0) ~ C’PSNMn(gg(J:),O;n, 7r1,772,...,7rk),
where ag =0, a; = a;, i = 1,2, ...

Sketch of the proof: We apply (1.4) and Theorem 2.2. 2. is analogous to [12], who
work in case n =1 and k = 2.

If we have no weights at coordinate planes we need to consider the following distribution.

Definition 2.2. Let7; €(0,1),j=1,2,....,k, mp:=1—m —ma—---—m, € (0,1), as >0,
s=0,1,..., and 8 € R be such that

o0
= ZanG” < 00.
n=0

A random vector X = (X1, X2, ..., X) is called Compound Power series distributed with
negative multinomial summands on N* and with parameters gz(z), 6; n, m1,..., T, if for
1=1,2,....k, m;=1,2,...,

P(X1=m1, Xo=mg, ..., szmk) —

B O s ey Z 9a<j”+m1+m2+“'+mk—1> nj

= i
(24) p 9a(0m) M1, M2, .., My, jn — 1 0
k _—
E § : gﬁ[eﬁg(ﬂo—i‘ﬂilﬁ----—%ﬂim) "]
p = 1 — (_1)m+1 ‘
m=1 1<i1 <o <+ - <im <k 95(9)

Briefly X ~ CPSNMnyp (ga(x),G;n,m,ﬂ'g,...,7rk).

The relation between CPSNMn and CPSNMnyr distributions is given in the following
theorem.

Theorem 2.4. If X ~ C’PSNMn(gd(a:),Q; n, i, o, ...,wk), then

(X1, X, .., X | X1 #0, X2 #0, ..., X #0) ~ CPSNMny (9z(x), 0; n, w1, 72, ..., Tk -

3. APPLICATIONS TO RISK THEORY

In [9] we obtained the approximations of Compound Poisson risk process mixed with
Pareto r.v. and provide a brief summary of previous results about risk process approximations.
In this section we provide risk process application of the CPSNMn. Here k,n € N, pps € (0, 1),

€(0,1),i=12,.. k,m+-+m<landmp=1—m —m — -+ — 7.
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3.1. The counting process

Here we consider a discrete time counting process, satisfying the following conditions:

C1. The insurance company have no claims at moment ¢ = 0.

C2. In any other moments of time ¢ =1,2,... a group of claims can arrive with
probability pps independently of others. We denote the number of groups of
claims, arrived in the insurance company over an interval [0,t] by M (t) and by
0<Tg1 <Tgz2 <--- the moments of arrivals of the corresponding group, i.e. T j
is the occurrence time of the k-th group. By definition M (0) = 0.

C3. The claims can be of one of k£ mutually exclusive and totally exhaustive different
types Aj, As, ..., A, e.g. claims of one individual having several pension insur-

ances.

C4. In any of the time points 0 <7151 < Tg2 <---, we denote the number of claims
of type ¢=1,2,...,k, arrived in the insurance company by Y;;, j=1,2,....
We assume that the random vectors (Y15, Y2,..., Yx ), j =1,2,... are i.i.d. and

(Yl,j; }/Q’j, ceey Yk,j) ~ NMTL(TL,’/H,WQ, ceey 7Tk) .

Note 3.1. Conditions C1-C2 means that the counting process of the groups of claims
up to time t > 0 is a Binomial process. In case when the claim sizes are discrete they are
considered e.g. in [5, 19, 4, 22]. The number of groups arrived up to time t is M (t) ~
Bi(t,py) and the intervals Tg1, T2 —Taq,1,Tq3— TG 2, ... between the groups arrivals are
i.i.d. Geometrically distributed on 1,2,..., with parameter py;.

C4 means that it is possible to have zero reported losses of one or of all k-types of
insurance claims within one group. In that case there is a group arrived, however, the
number of participants in the group is zero. This can happen e.g. when there is a claim, but
it is not accepted, or it is estimated by zero value by the insurer.

Let us denote the number of claims of type ¢ = 1,2, ..., k, arrived in the company in
the interval [0, ¢] by N;;. Conditions C1-C4 imply that (N1(0), N2(0), ..., Nx(0)) = (0,0, ...,0)
and, for all t =1,2,...,

M(t)
Ni(t) = I{M(t)>0} > Yi;,  j=1,2,..k.
J=1

Therefore

(¥1(0) Naft) o Ni0) ~ CPENM( (1 s 220
M

and
(1—pm)

P(Ni(t) + No(t) + -+ Ni(t) = 0) = 0=yl
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3.2. The total claim amount process and its characteristics

Consider the total claim amount process defined as

Nl(t) Ng(t) Nk(t)
B1) S = Inwsoy Y Zigi + Lvawsoy Y Zogs + -+ vy D Zhoji
=1 Jo=1 Jk=1

t=1,2,..., satisfying C1-C4.
We impose the following conditions on the claim sizes:

C5. In any of the time points 0 < Tz 1 <Tg2 < ---, we denote the claim sizes of the
claims of type ¢ =1,2,....k by Z;;, j=1,2,.... We assume that the random
vectors (Z1,j, Z2,j, ., Zk ), J =1,2,..., are 1.i.d. and the coordinates of this vec-
tor are also independent, with absolutely continuous c.d.fs. correspondingly Fj,
i=1,2,...,k, concentrated on (0, 0c0).

C6. The claim arrival times and the claim sizes are assumed to be independent.

Proposition 3.1. Consider the total claim amount process defined in (3.1) and sat-
isfying conditions C1-C6.

1. IfEZ;j =p; <oo,i=1,2,....k, then

ntpam(l —par) (
o

(3:2) ES(t) = pam + pama + e 4 pETE) |

2. If additionally Var Z; ; = 02 < 00, i =1,2, ..., k, then

i 2
1—py)n+1
Var S(t) Zm 24 1) (pWo) (Z umn) ;
i=1
2
k 1— 1 [k
Shymilo? + ) + R0 (T i)

FIS(t) =
() (1_pM)(/L1771+N2772+...+Mkﬂ.k)

Proof: [1.] is a consequence of the double expectation formula.

[2.] Using the double expectation formula, the facts that E M (t) = tpas, Var M (t) =
tpar (1 — par) and Theorem 2.2 we obtain:

k 2
T ;
Var S(t ZntpM—Oa + nipyr Z [(1 —pym)n F—% SR 12

=1 1=

1
+ 2 Z pipij cov(Ny(t), Nj(t)) =
1<i<j<k
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k k 2
M s mi(mo 4+ )
= ntﬂo{g ™o} + E [(1—]?M)n7r;+zwoz] H?}
i=1 i=1

+2 Z pipsj cov(N;(t), Nj(t))

1<i<j<k

k k 2 2
pm 2 2 s T o2
=n o {;1 mi(oy 4+ pi) + E [( PM)N - + - ] ,uz}

+2 Z pipsj cov(N;(t), Nj(t))

1<i<j<k
(1 —pu)n+1
= {Zm o7 +41}) —OZM?MQ
i—1

+2 ) papg cov(Ni(t), Nj(1))
1<i<j<k

= nt— {Zma —1—,uz (l_pM Z T }

=1

n(l —par)
+ QHtPM[ ( 3 Z i p T T
o 1<i<j<k

k 2
M 1—pyn+1
= 2t zwms)d“(zm) ,

T
0 i—1

2
prsie - Vars@) b milo? + ) + G (55 )
- ES(@t) (1 = par) (pamy + poma + - + ppmy) ' =

3.3. The risk process and probabilities of ruin

Consider the following discrete time risk process

Ni(t) Na(t) Ny (t)
(3.4) Ru(t) = u+ct—Iin )>0) ZZle = LNy (6)>0 ZZQJQ — o = LNy (1)>0) Z Zy i
Ji=t J2=1 Jk=1
t=0,1,..., satisfying C1-C6. If we consider the claims in a group as one claim, we can see

that it is a particular case of the Binomial risk process. 2

The r.v. that describes the time of ruin with an initial capital u > 0 is defined as

Tu—mln{t>0 Ry ( <0}

The probability of ruin with infinite time and initial capital u > 0 will be denoted by
U(u) = P(m, <00). The corresponding probability to survive is ®(u) =1 — ¥(u). Finally,
U(u,t) = P(r, <t) is for the probability of ruin with finite time ¢t = 1,2, ....

2See e.g. [5, 19, 4, 22].
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If we assume that EZ; ; = pu; < oo, i =1,2,...,k, and in a long horizon, the expected
risk reserve for unit time is positive:
ER,(t
lim u(t)

t—o00

> 0.

The last is equivalent to

c > limw

t—00 t ’

npn (1 — par) (
0

c > T + Topty + « -+ + Trfg) -

Note that this condition does not depend on u and it means the incomes at any ¢t = 1,2, ...
to be bigger that the mean expenditures at that time:
CTT(
npym (1 = pa)(mupn + mopie + -+ + i)

> 1.

Therefore, the safety loading p should be defined as usually as the proportion between the
expected risk reserve at time t with zero initial capital, i.e. ERy(t), and the expected total
claim amount at same moment of time, for any fixed t = 1,2, ...:
. CTrQ
B npar(1 — par)(mopr + mope + -+ + Trpg)

Thus the above condition is equivalent to the safety loading condition p > 0. If this condition
is not satisfied, the probability of ruin in infinite time would be 1, for any initial capital u.

The proof of the next theorem is analogous to the corresponding one in the Cramer—
Lundberg model® and in particular to those of the Polya—Aepply risk model?.

Theorem 3.1. Consider the Risk process defined in (3.4) and satisfying conditions
C1-C6. Given the Laplace transformslz, , (s) = Ee—s%i1, of Z;1,1=1,2, ..., k, are finite in —s,

1. The Laplace transform of the risk process is
Eesfo(t) — ¢=9()t ¢ —=0,1,2, ...,

where

o "
g(s) = sc— 10%{1 —Pum+pm [1 — [milz,  (=8) + -+ mlzk,l(—S)J } '

2. The process R(t) = e *Fo®+9() >0, is an Ag) (<) = o{Ro(s), s < t}-martingale.

3. U(u,t) < e *" sup e Y90s) t=1,2,..
y€[0,1]
4. () < e *“sup e ¥90)
y=>0

5. If the Lundberg exponent ¢ exists, it is a strictly positive solution of the equation

(3.5) g(s) =0.

In that case, ¥(u) < e %

3See e.g. [1] or [6], p. 10, 11.
“[23], Proposition 6.3.
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Proof: [1.]
Ny (t) Ny (8)
Ee—sRo(®) — meslct—Iivi@>0 SHEY Zug = I >0y 25,01 Zsy b

= e_SCtGNl(t)7N2(t),...,Nk(t) (lZ1,1 (_S)a lZ2,1 (_3)7 ) le,1 (_S))

= €7SCtG |:< = >n:|
M(t) 1-— (WllZ1,1(_S) + 772[22,1(_5) +-t ﬂ-klZ’“!l(_s))
nyt
7sct 1— —+ ( & ) }
{ PMm T+ PMm 1_ (W11Z1,1(_8) + 772lZ2,1(_S) R WkleJ(_S))

n
—_ 0
_ e_sctetlog{l PM+PM (1<7rllZ1Y1(S)+7r21Z2‘1(5)+' 0 .+ﬂkle71<s>>> }

n
—t{sc—log {l—pM-i-pM (1 a — ) } }
—(mql (=s)+mal (=8)+*+mpl (=9)) _
e Z1,1 Z1 k'Zy 1 — e tg(s) .

[2.] Consider t =0,1,2,... and y < t. Then, because the process {S(t), t =0,1,2,...}
has independent and time homogeneous additive increments,

E(R ()| ARy (<y)) =

=

(efsct+sS(t)+g ’ARO <y))

(e*scy+85(y)+g( s)y—sc(t yHS(S(t)*S(y)Hg(S)(tfy)‘ARo(<y))

|
=

_ E(R y)e—sc(t y)+s(S(t)—=S(y))+g(s)(t—y) ’AR0(< )
)E(e—sc(t y)+sS(t—y)+g(s)(t— y))
)E(e—sRo —y)+g(s)(t—y ))

y)E (e 3o (t=1))ca(s)(t=y)
)6 g(s)(t— y)eg(s)(t—y) = Ra(y) .

[3.] Following the traditional approach we start with the definition of R and use that
for R§(0) = 1. Because 7, is a random stopping time, by Doob’s martingale stopping theorem,
the stopped process R{(min(7,,?)), is again a martingale. Therefore, for any 0 < ¢ < oo, by
the double expectations formula,

1

I
=

0(0) = ER;(0) = ERg(min(7y, )
E(R§(min(7y, t))|7y < t)P(1y < t) +
E(Ry(min(7y,t))|m, < t)P(1y, < t)
— —sBRo (min(ru,))+9(s) min(ru.t) | - < )P (1 < 1)
= e E(e?H i, < 1) P(r, < t)

eSUE (9|7, < t)P(1, < 1)

R (eI |7, < )W (u,t) > e inf eIV (u,t).
y€[0,t]

E(Ry(min(7y,t))|1y > t)P(1y > t)

Y

e

Y

[4.] This is an immediate consequence of 3., when ¢ — oo.
[5.] This is an immediate consequence of the inequality
1> E(e—aRo(min(Tu,t))—i-g(e) min(7y,t) |7_u < t) P(Tu < t) ’

applied for t — oo and the fact that Ro(s) = Ry(s) — u. O
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Remark 3.1. In general, to compute solution of the equation (3.5) is a difficult task
and it can be done only numerically, since e.g. for exponential claims it involves roots of alge-
braic equations of high order. These solutions can be however also negative or/and complex
conjugates. To illustrate the complexity of this setup, let us consider £ = 1 and respective
equation (for special choice of parameters) s =log(1— 0.5+ 0.5((1—p)/(1—p/(1—5)))").
Then, real solutions are plotted at Figure 1 for n = 1,...,10, p € (0,1), therein we can see the
complexity of such computations.

Figure 1: Real solutions of equation (3.5) for mp; = mg = m = 0.5.

Theorem 3.2. Consider the Risk process defined in (3.4) and satisfying conditions
C1-C6. Suppose that it satisfies the net profit condition. Denote by

M b (1 — pM)n +1 b ’
os = y/VarS(l) = |n— Zm(af—i—,u?)—i—— Zuim

iy iy
L =t 0 i—1

Define
t— S(mt
Rft) = "ot S,
os\/m
where
I ugym,  m— oo,
os
and
Pmps PO m — o
O_S ﬁ? )
B ~ npu(1 —pur)
ps = ES(1) = ﬂ—o(mm + pom + - + Ty
then

Ry (t) = uo + pot + W(pmt), m— 00.
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3.4. Simulations of the risk processes and estimation of the probabilities of ruin

In this subsection we provide a brief simulation study on probabilities of ruin in
a finite time in the model (3.4). For any of them 10000 sample paths were created and
the relative frequencies of those which goes at least once below zero was determined.
The number of groups is k = 20. The parameters of the NMn distribution are n = 40 and
p = (0.002,0.004, 0.006, 0.008, 0.01, 0.012, 0.014, 0.016, 0.018, 0.02, 0.022, 0.024, 0.026, 0.028,
0.03,0.032, 0.034, 0.036, 0.038,0.04). Different parameters on different coordinates allow
higher flexibility of the model. The probability of arrival of a group in a fixed time point is
py = 0.4, and premium income rate is ¢ = 0.1.

Example 3.1. Exponential claim sizes. For computations of ruin probabilities un-
der exponential claims we consider parameter vector A = (10, 20, 30, 40, 50, 60, 70, 80, 90, 100,
110, 120, 130, 140, 150, 160, 170, 180, 190, 200). The i-th coordinate describe the parameter of
the Exponential distribution of the claim sizes within the i-th group. The resulting probabili-
ties for ruin for different initial capitals v and time intervals [0, t] are presented in the Table 1.
The corresponding 10000 sample paths of the risk process are depicted on Figure 2.

Table 1: Probabilities of ruin for exponential claims.

. t
2 \ 5 \ 10 \ 20 \ 50 \ 100
0 | 0.3224 | 0.5581 | 0.7037 | 0.8053 | 0.9016 | 0.9515
1 | 0.0001 | 0.0036 | 0.0370 | 0.1546 | 0.4234 | 0.6586
2 0 0 0.0005 | 0.0072 | 0.1131 | 0.3386
3 0 0 0 0.0001 | 0.0159 | 0.1366
4 0 0 0 0 0.0012 | 0.0364
5 0 0 0 0 0 0.0081

Figure 2: 10000 sample paths of the risk process (3.4)
for Exponential individual claim sizes, ¢ = 100.
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Example 3.2. Gamma claim sizes. Table 2 presents the probabilities for ruin in
case when the claim sizes are Gamma distributed with parameters a = seq (from =0.001,
to=10.0014 (k—1)*0.005, by =0.005) and 3 = seq (from =1, to=1+(k—1)%0.2, by =0.2),
where seq is the function for creating a sequence in R software, see [16]. The corresponding
10 000 sample paths of the risk process are depicted on Figure 3.

Table 2: Probabilities of ruin for gamma claims.

. ¢
2 | 5 [ 10 [ 20 | 50 [ 100
0 | 0164 | 0294 | 0.442 | 0.529 | 0.706 | 0.787
1| 0042 | 0.085 | 0.183 | 0.273 | 0.490 | 0.578
2 | 0.017 | 0.046 | 0.086 | 0.160 | 0.317 | 0.458
3 | 0.010 | 0.024 | 0.051 | 0.098 | 0.202 | 0.358
4 | 0.003 | 0.008 | 0.019 | 0.057 | 0.139 | 0.248
5 | 0.000 | 0.002 | 0.013 | 0.027 | 0.071 | 0.171

-10

-15

Figure 3: 10000 sample paths of the risk process (3.4)
for Gamma individual claim sizes, t = 100.

Example 3.3. Uniform claim sizes. The ruin probabilities presented in the Table 3
are calculated under assumption for uniform claim sizes with left and right bounds of the
intervals, presented correspondingly via parameter vectors Umin = seq (from =0.0001, to =
0.0001 + (k—1) % 0.0001, by =0.0001) and Umaz = Umin+ 0.01.

The corresponding 10000 sample paths of the risk process are depicted on Figure 4.

Analogously, the probabilities for ruin in a finite time interval, for different claim sizes
with finite variance, and related with the risk process (3.4) can be estimated. The corre-
sponding confidence intervals can be calculated using the Central Limit Theorem, applied to
relative frequencies.
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Table 3: Probabilities of ruin for uniform claims.

. t
2 \ 5 \ 10 \ 20 \ 50 \ 100
0 | 0.133 | 0.253 | 0.361 | 0.402 | 0.392 | 0.412
1 | 0.000 | 0.000 | 0.000 | 0.001 | 0.001 | 0.000
2 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000
3 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000
4 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000
5 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000

Figure 4: 10000 sample paths of the risk process (3.4)
for Uniform individual claim sizes, t = 100.

4. CONCLUSIONS

The paper shows that CPSMNn distribution is easy to work with, and it be can be very
useful for modelling of the number of claims in Risk theory. Recently [26] and [2] have published
another important application of multivariate negative binomial distribution in actuarial risk
theory. Both models show that they are suitable for capturing the overdispersion phenomena.
These distributions provide a flexible modelling of the number of claims that have appeared
up to time ¢. The number of summands of the random sum reflects the number of groups of
claims that have occurred up to this moment. The negative multinomial summands and their
dependence structure describe types of claims within a group which are different from those
given by [26] and [2]. From mathematical point of view our paper describes completely novel
presentations of the CPSNMn distributions. Thus we can conclude by following conclusions:

e These distributions are a particular case of Multivariate PSD.

e Considered as a mixture, CPSMNn would be called (possibly Zero-inflated) Mixed
NMn with scale changed PSD first parameter. More precisely,

Iiprsoy NMn (nM, T, T,y een, 7Tk) /\ PSD (ga(x); (9) ,
M

where Ip/~¢ is a Bernoulli r.v. or indicator of the event “M > 0”.
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e (CPSMNn is particular case of compounds or random sums (T ](\}),TM ,...,ij/];)),
where

M

=1

M G
M oy it M > o0,
{Z“ i ! i=1,2,..k.

0 otherwise,

These observations allow us to make the first complete characterization of Compound

power series distribution with negative multinomial summands and to give an example of

their application in modelling the main process in the Insurance risk theory.

ACKNOWLEDGMENTS

The work was supported by project Fondecyt Proyecto Regular No. 1151441, Project

LIT-2016-1-SEE-023, and by the bilateral projects Bulgaria— Austria, 2016-2019, “Feasible
statistical modeling for extremes in ecology and finance”, BNSF, Contract number 01/8,
23/08/2017 and WTZ Project No. BG 09/2017, https://pavlinakj.wordpress.com/.

The authors are very grateful to the Editor, Associated Editor and the Reviewers for

their valuable comments.

REFERENCES

[1]  ASMUSSEN, S. (2000). Ruin Probabilities, World scientific.

[2] Babprscu, A.L.; Lan, G.; LiN, X.S. and TaNG, D. (2015). Modeling Correlated Frequencies
with Application in Operational Risk Management, Journal of Operational Risk, 10(1), 1-43.

[3] BATES, G.E. and NEYMAN, J. (1952). Contributions to the Theory of Accident Proneness.
1. An Optimistic Model of the Correlation Between Light and Severe Accidents, California
Univ. Berkeley, 132, 215-253.

[4]  DicksoN, DaviD C.M. (1994). Some comments on the compound binomial model, ASTIN
Bulletin: The Journal of the TAA, 24(1), 33-45.

[5]  GERBER, HANs U. (1988). Mathematical fun with the compound binomial process, ASTIN
Bulletin: The Journal of the TAA, 18(2), 161-168.

[6) GRANDELL, JAN (1991). Aspects of Risk Theory, Springer-Verlag, New York, Berlin, Heidel-
berg.

[7]  JonnsoN, N.; Korz, S. and BALAKRISHNAN, N. (1997). Discrete Multivariate Distributions,
Wiley, New York.

[8] JoHNsoN, N.; Kotz, S. and KEMP, A.W. (2005). Univariate Discrete Distributions, John
Wiley and Sons, New York.

9]  JORDANOVA, P. and STEHLIK, M. (2016). Mixed Poisson process with Pareto mixing variable
and its risk applications, Lithuanian Mathematical Journal, 56(2), 189-206.

[10] Josg, K.K. and JACOB, S. (2016). Type II Bivariate Generalized Power Series Poisson Dis-

tribution and its Applications in Risk Analysis, doi:10.20944/preprints201608.0209.v1.


https://pavlinakj.wordpress.com/
https://doi.org/10.20944/preprints201608.0209.v1

Compound Power Series Distribution with Negative Multinomial Summands... 69

[15]
[16]
[17]
[18]

[19]

Kaatri, C.G. (1959). On certain properties of power-series distributions, JSTOR, 46(3/4),
486-490.

KostapiNova, K. and MINKOVA, L.D. (2016). Type II family of Bivariate Inflated-parameter
Generalized Power Series Distributions, Serdica Mathematical Journal, 42(1), 27-42.

Noack, A. (1950). A class of random variables with discrete distributions, The Annals of
Mathematical Statistics, 21(1), 127-132.

PATIL, G.P. (1966). On multivariate generalized power series distribution and its applications
to the multinomial and negative multinomial, Sankhya: The Indian Journal of Statistics, Series
A, 28(2/3), 225-238.

PHATAK, A.G. and SREEHARI, M. (1981). Some characterizations of a bivariate geometric
distribution, Journal of Indian Statistical Association, 19, 141-146.

R DEVELOPMENT CORE TEAM (2005). R: a language and environment for statistical com-
puting, R Foundation for Statistical Computing, Vienna, Austria, www.R-project.org.

Rorski, T.; ScHMIDT, H. and TEUGELS, J. (1999). Stochastic Processes for Insurance and
Finance, John Wiley and Sons, New York.

SIBUYA, M.; YOSHIMURA, I. and SHIMIZU, R. (1964). Negative multinomial distribution,
Annals of the Institute of Statistical Mathematics, 16(1), 409-426.

SHIU, ELias S.W. (1989). The probability of eventual ruin in the compound binomial model,
ASTIN Bulletin, 19(2), 179-190.

SMITH, G.E.J. (1965). Parameter estimation in some multivariate compound distributions,
PhD Thesis, The University of British Columbia, Canada.

SRIvASTAVA, R.C. and BacGcHI, S.N. (1985). On some characterizations of the univariate
and multivariate geometric distributions, J. Indian Statist. Assoc, 23(1), 27-33.

L1, SHUANMING and SENDOVA, KRISTINA P. (2013). The finite-time ruin probability under
the compound binomial risk model, European Actuarial Journal, 3(1), 249-271.

MinkovA, L.D. (2012). Distributions in Insurance Risk Models, Doctor of Science Thesis,
FMI, Sofia University, Bulgaria.

TweeDIE, M.C.K. (1952). The estimation of parameters from sequentially sampled data on a
discrete distribution, Journal of the Royal Statistical Society, Series B (Methodological), 14(2),
238-245.

WISHART, J. (1949). Cumulants of multivariate multinomial distribution, Biometrika, 36(2),
47-58.

TANG, D.; Babpescu, A.L.; LiN, X.S. and VALDEZ, E.A. (2015). Multivariate Pascal Mix-
ture Regression Models for Correlated Claim Frequencies, https://ssrn.com/abstract=2618265.


https://www.R-project.org
https://ssrn.com/abstract=2618265

	"COMPOUND POWER SERIES DISTRIBUTION WITH NEGATIVE MULTINOMIAL SUMMANDS: CHARACTERISATION AND RISK PROCESS"
	1 INTRODUCTION AND PRELIMINARY RESULTS
	2 DEFINITION AND MAIN PROPERTIES OF THE COMPOUND POWER SERIES DISTRIBUTION WITH NEGATIVE MULTINOMIALSUMMANDS
	3 APPLICATIONS TO RISK THEORY
	3.1 The counting process
	3.2 The total claim amount process and its characteristics
	3.3 The risk process and probabilities of ruin
	3.4 Simulations of the risk processes and estimation of the probabilities of ruin

	4 CONCLUSIONS
	ACKNOWLEDGMENTS
	REFERENCES

