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Abstract: Automobile insurance, particularly motor third liability insurance
covers dominant share in the portfolio of non-life insurance in almost all
countries of the world. The aim of this paper is to analyze the process of
determining premium rates in automobile liability insurance using the bonus-
malus system as one of the key instruments to increase traffic safety. The
paper presents a brief analysis of the automobile liability insurance market in
Serbia, with special reference to the bonus-malus system introduced in
practice. Using a sample from the year 2015 provided by one of the biggest
Serbian automobile liability insurer it has been proved that the mixed Poisson
distibutions are appropriate choice in the process of modeling of the afore
mentioned tariff system. The main result of the study is the construction of
bonus - malus system based on mixed Poisson models, where expected
value principle is used to determine the net premium. According to the
analysis, it has been concluded that during the creation of a bonus-malus
system in practice it is important to use certain mathematical and statistical
models, as well as that the existing tariff system of automobile liability
insurance in Serbia can be improved by introducing additional assumptions.
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Izradunavanje premije u osiguranju motornih vozila pomocu
slozenih Paoasonovih distribucija

Apstrakt:  Osiguranje  motornih  vozila, posebno  osiguranje od
autoodgovornosti zauzima dominatno uée$ce u portfelju nezivotnih osiguranja
u gotovo svim zemljama sveta. Cilj ovoga rada je analiza postupaka
utvrdivanja premijskih stopa u osiguranju od autoodgovornosti koriS¢enjem
bonus-malus sistema, kao jednog od kljucnih instrumenata za povecanje
bezbednosti saobracaja. U radu je data kraca analiza ftrZiSta osiguranja
autoodgovornosti u Srbiji, sa posebnim osvrtom na primenu bonus-malusa u
praksi. Koriste¢i uzorak iz 2015. godine jednog od najvecih srpskih
osiguravaCa autoodgovornosti dokazano je da su slozene Poasonove
distribucije adekvatan izbor u procesu modeliranja pomenutog tarifnog
sistema. Osnovni rezultat istraZivanja predstavija konstriusani bonus-malus
sistem baziran na sloZzenim Poasonovim modelima, pri ¢emu je za
odredivanje premije kori§¢en princip ocekivane vrijednosti. 1z sprovedene
analize je zakljuéeno da je prilikom formiranja bonus-malus sistema u praksi
znacajno Koristiti pojedine matematiCko-statisticke modele, kao i da je
postojeci tarifni sistem autoodgovornosti u Srbiji moguce unaprediti
uvodenjem dodatnih pretpostavki.

Kljucne reci: osiguranje motornih vozila, sloZzene Poasonove distribucije,
utvrdivanje premije, bonus-malus sistem, princip oCekivane vrednosti

1. Introduction

When creating premium rates in automobile liability insurance, the insurers
take into account some a priori characteristics of the insured (gender, marital
status, place of residence, etc) as well as motor vehicles (the type and
purpose of the car, mileage, etc). In this way, the insured are classified into
homogeneous risk classes according to certain characteristics that can be
analyzed in advance. However, for the occurrence of the insured event, apart
from a priori characteristics of the insured and the vehicle, the other hidden
characteristics of the insured which cannot be analized in advance have
impact. These characteristics, known as a posteriori driver's characteristics
(emotional status, impulsiveness, speed in detection of traffic sign posts, etc.)
are considered to manifest its influence in the occurrence of traffic accidents,
in other words, the impact of the described characteristics of the insured can
be determined by analyzing the number of reported claims. In that way, using
information on the number of the reported claims of the insured, a priori rating
is improved and premium rates are established which reflect the individual
experience of the insured (Simeunovi¢, 2008).
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The described tariff system based on the analysis of past experience of the
insured is known as the bonus-malus system (merit rating, no claim discount).
Such systems can be seen as commercial simplifications of credibility
mechanisms (Pitrebois et. al., 2006). The introduction and implementation of
a bonus-malus system in the formation of tariffs in motor vehicle insurance not
only provides equivalence between the number of reported claims of the
insured with their future premium, but it represents on of the key factors
contributing to the improvement of traffic safety. The fact that they will pay
increased premiums due to reported claim produces an incentive for the
insured to drive more carefully, eliminating the inefficiencies associated with
moral hazard (Bressand, 1993, Winter, 2000). In that way, one of the
functions of the bonus-malus is fulfilled, while the other function of this method
of experience-related premium determination is referred to the problem of
adverse selection where nothing counts but the frequency of reported
accidents (Henriet and Rochet, 1986). Application of bonus-malus is a
response to the situation described by penalizing the more numerous claims
of those with more dangerous driving patterns. Using the bonus-malus system
is justified by the need to satisfy the principle of fairness in the collection of
premiums, which means that the insured has to pay the premium
corresponding to their level of risk (Lemaire 1995, Dionne and Vanasse,
1989).

It is interesting to mention a different approach to the method of bonus-malus
which economists have compared to mathematicians. In economic literature,
the introduction of bonus, that is malus is a means of neutralizing the effects
of moral hazard. On the other hand, the greater part of the actuarial literature
written by mathematicians reports that the main objective achieved by
application of bonus-malus is better assessment of individual risk, which
means that every individual in the long run will pay a premium that fits their
claim frequency (Pitrebois at. all, 2006).

The introduction of bonus-malus practically involves the following steps: after
determining the base premium, the rules for a transition from one level to
another is determined, as well as the amount of discount that individual
insured will take. Then, the insured are classified simply based on the number
of claims reported over the past year into classes of discount, i.e. move up or
down according to the established transition rules. The amount of the
premium that will be paid is determined by multiplying the base premium by
the percentage that is assigned to the amount of discount which the insured
takes. In such a way all the policies that were previously in the same risk
class are now classified into levels of discount or additional payments by
using the bonus-malus system. In that way, the tariff system based on a priori
risk classification is improved (Doerpinghaus at. all, 2003).
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Bonus-malus system was first applied in 1910 by British and Scandinavian
insurers (Meyer, 2002). Then this system of tariffs was introduced in many
other countries, where until the very end of the twentieth century there was a
uniqgue set of rules regarding application of bonus-malus in almost all
European countries (Kafkova, 2015). Only when in 1994 a decree was
adopted allowing the introduction of their own rules of application of bonus-
malus, the previously used system of uniform tariffs was abolished. The
mandatory system is still operating in France and Luxembourg (Silva at. all,
2005).

One of the reasons that justifies the existence of the afore mentioned tariff
system in auto liability insurance is market-oriented business and extremely
strong competition that forces insurers to establish rates that will more
realistically reflect reality (David, 2015). That means that when determining
premiums even the smallest details will be taken into account, and that great
number of factors will be included in the analysis. Thus, for example in
Germany, women would pay lower premiums for auto liability as more careful
drivers and all experienced and responsible drivers who do not cause
accidents will be granted excellent discounts on the base price of insurance.
The most important factors for determining premium rates in auto liability
insurance in California are as follows: length of driving experience, the
number of kilometers traveled during the year, and of course, the experience
of previous claims. In many countries, an important factor in the above sense
is the place of residence of the insured, their age, and type of vehicle.

The next chapter brings about a brief analysis of automobile liability insurance
market in Serbia. Then methodology used in the article is presented, after
which modeling of claim frequency was conducted in the analyzed sample.
The system of optimal bonus-malus follows, performed on the model of
selected distribution of claim counts where the principle of the expected value
is used in constructing the premium. The final section brings conclusion.

2. Automobile liability insurance market in Serbia

Motor vehicles today represent one of the biggest dangers that threaten
humankind. The car is often cited as the main source of economic losses
(Gomez at. all, 2002). Despite the growing advancement of science and
technology in increasing traffic safety the number of accidents is growing.
Their harmful effects have become immeasurable, both in material terms and
in a vast number of casualties. Compulsory automobile liability insurance can
be seen as a legal requirement for the use of motor vehicles. In fact, this form
of insurance reflects the rights of all participants in traffic to expect traffic
safety, and the protection of their lives, health and property. In this way, the
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proper implementation of automobile liability insurance is one of the key
assumptions in the process of regulating and improving traffic safety.
Therefore, the process of creating an adequate tariff system is of vital interest
to the solution of this problem and one of the most effective methods from this
point of view, is, indeed, the proper application of the bonus-malus system.

Automobile liability insurance as one of the forms of motor vehicle insurance
takes up the largest share of total non-life insurance premium in almost all
countries of the world. In some countries it is the most common form of
insurance in total insurance premium, as it is in Serbia (Simeunovi¢ at. all,
2012).

If we analyze the period of the last five years, it can be found that the Serbian
market structure has not changed. Automobile insurance leads in total sales,
with 33.3% of the market in 2010 and 35.8% in 2015, and at the same time,
the share of motor third party liability insurance (MTPL) occupies nearly a
third of the total portfolio insurance in the observed period (Table 1).

Table 1: Structure of total portfolio insurance in Serbia (%), 2010-2015

2010 2011 2012 2013 2014 2015
Property 22.1 22 22.2 21.6 20.04 18.2

MTPL 33.3 32.6 315 30.6 32.7 35.8
Casco 13.5 12.5 11.3 10 8.7 7.7
Accident 8.5 8.6 6.3 5.5 5.8 5.3

Other P&C 6.1 6.9 9.4 10.3 9.66 9.1
Total P&C 83.5 82.6 80.7 78 76.9 76.1
Total Life 16.5 17.4 19.3 22 23.1 23.9

Total 100 100 100 100 100 100

Source: https://www.nbs.rs/internet/english/60/60_6/index.html

In comparison with the previous year the automobile liability insurance has
grown by 9.48%, with total gross premium in the amount of 28,816 million
RSD. Distribution (table 2) of frequencies of auto liability insurance policies
follows as well as the automobile liability total premium by the company for
the year 2015.

Continued growth and significance of motor vehicles insurance, especially
auto liability insurance increasingly emphasizes competition, which greatly
influence the amount of insurance premium. The rating system used for third
party liability insurance in Serbia is essentially based on horsepower plus a
bonus - malus system introduced in 2011. Application of the experience
based premium determination is conducted by allowing a discount of 5% for
the first year with no claim reported. Discount of 10 % and 15 % is granted to
the drivers who in two and three years do not record claim, respectively. This
is also the maximum discount that can be achieved. When it comes to
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increasing the base premium to drivers who cause accidents, they will pay
premium increased by 50% if they record one claim. If they have two claims
the premium increases by 100% while in case of three claims during one year,
the policy holders would pay premium increased by 150%. When malus is
applied it is important to note that the reported claims are associated with the
vehicle, not the insured, because of which the car owner has to pay the
increase premium even if he did not conduct his car.

Table 2: The share of automobile liability insurance policies and total premium
(GWP) by companies in 2015

Company GWP 2015 (000 RSD) Share (%) 2015
Dunav 9,811,530 33.82
Generali 6,366,433 21.95
DDOR 3,211,377 11.07
Milenijum 2,269,399 7.82
AMS 2,152,083 7.42
Triglav 2,008,117 6.92
Sava Nezivotno 1,271,269 4.38
Uniga Nezivotno 1,078,090 3.72
Wiener 529,518 1.83
AXA Nezivotno 307,420 1.06
Globos 2,075 0.01
Total 29,007,380 100

Source: https://www.nbs.rs/internet/english/60/60_6/index.html

The next chapter brings about the analysis of a selected sample of Serbian
automobile liability insurer. The corresponding bonus-malus system would be
constructed then.

3. Metodology

This paper analyzes a selected sample containing 61,796 units in terms of the
number of reported claims by the insured. It was determined which model can
be used for modeling of the observed claims, and then by application of
bonus-malus the tariff system would be constructed to ensure equivalence
between the frequency of claims of some policyholders and their future
premiums.

In order to construct described bonus-malus system, the analysis of the
selected sample has to be made first from the point of view of the frequency
of reported claims by the insured (Stephens at. all, 2004). By modeling claim
frequencies different distributions would be analyzed and those which
empirical data best adjusts would be chosen. Our starting hypothesis will be
that the analyzed data can be modeled using mixed Poisson distributions.
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Let us choose the arbitrary policy holder from the observed sample. Denote
with N, the number of reported claims of the insured at some period t.

Further let us assume that the random variable can be approximated by
Poisson distribution whose unknown parameter equals ® where ® is a
random effect accounting for the heterogeneity present in the portfolio. The
conditional probability mass function of N, is given by (Bihimann, 1970):

i 49 )

PN, =kl© =6]=¢
Given the fact that within the portfolio of the automobile liability insurance
policyholder heterogeneity is present, and that each policyholder shows a
different propensity to cause traffic accidents, the mentioned heterogeneity in
the portfolio is described by a structure function U (density function of a

random variable ©®).

k

PN, =k]=e" ‘9%u o @)
0

Due to the presence of heterogeneity between some policyholders, we will
prove that the sample data cannot be modeled by Poisson distribution for
which we assume below that the data can be described by using mixed
Poisson distribution, such as Poisson-Gamma and Poisson-Inverse Gaussian
distribution. To estimate unknown parameters of the assumed distribution the
maximum likelihood method will be used or the method of moments, while

;(2 test is used for the adjustment of the data to the assumed distribution.

First, let us assume that the parameter ® of Poisson distribution follows
Gamma distribution - ®: F(a, T) whose density function is given by:

an-10 na-1
@)= ars0 ©

ra)

The resulting distribution for modelling claim frequencies in the portfolio
known as a Poisson-Gamma (negative binomial) distribution then have the
following form (Lemaire, 1995):
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k+a-1) 7 \( 1 Y (k+a-1) , ,
= - —— | = a 4
Pe [ k j(l'FTj (14—2’] [ k Jp q )

The first and the second moment of the described distribution are equal to:

E(x)=2, 02=9(1+1j (5)

T T T

For the calculation of negative binomial probabilities the following recursion
will be used:

o k+a 6
Pea = P 1) e ) ©)
where:
’Z' a
A 7
Po (1+T} ")

In the following, we use the assumption that the unknown parameter ® of
Poisson distribution follows inverse Gaussian distribution - ©': IG(g,h)
whose density function is given by:

—(0-g)
u(&):Le( il g,h>0 ®)
2h6° ’

The resulting distribution is known as Poisson-Inverse Gaussian and its mean
and variance are equal to:

p=g, o’=g(l+h) ©)

Finally, by putting E(@) =1 we get the expression for the resulting Poisson-
Inverse Gaussian distribution of the frequency of claims in the portfolio:

1

o k ——(p-h)?
D, :Iee‘g_#e[ 20 ]dé’ k=012,..,
5 k! \J2h0° (10)

In the application of the described mixed Poisson model for calculation of the
probabilities, we used the following expression:
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p, = h(k _1)(2k _B)pk—l +9 ’ Py-2
“ (1+2h)k(k -1)

To create the tariff system which would reflect the individual experience of the
insured, we used Bayesian credibility premium model (Bowers at. all, 1986).

11)

Previously, we assumed that the risk of each insured makes one realization
6 > 0of the random variable ® Let us consider portfolio of policyholders in a

given period of time t, where in the course of the | -year, each policy holder
reported kj claims. Thus, the experience of the individual policyholder during

the observed period of time will be presented by vector (kl,kz, ..... K)

Realizations of the random variable Kj that represent the individual

experience of the insured during the observed period are assumed to be
independent. After we chose the resulting probability function for the number
of claims, according to the data regarding the number of reported claims by
the policyholders in the sample, we would form the function which would be a
measure of risk taken in insurance for the following year -

O =01 (K, Ky, k), t=0,12.....

By application of Bayesian theorem and known experience regarding claims
given by the vector (k;,K,, ...k, ) the posterior structure function is equal to:

u(Ok.k,,...k )= Pk, lzzki kkt_@)( ) 12)
where:
P’ (k,, J.P Ky, ke |0 (0) (13)

denotes the expression which represents distribution of the number of claims
during the analyzed years of observation t (Lemaire, 1995).

If Lisa (B, 6) denotes the loss function and R, =R, (6,,,6) denotes the
risk function of actuary, it turns that:
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Rt+l(a(+l’9) = E[LH(HM,H):I = Z L[+1(9t+1’ 9) P(ky k2""kt) (14)

Further we would minimise the following expression for each year t and each

vector (K;,K,,....k):

TL[+1(9t+1"9)u(9|k1'kzv"-kt)dg (15)

Finally, taking that the loss function is a quadratic form, it is necessary to find
a minimum of the following function:

,L (Bes1 — szuiﬁlki, ks, ... k.)d8 (16)

where the following expression represents the Bayesian credibility premium:
oo
Ber1(ks by, k) = j Bu (81ky, ky, ..k, )dE 17)
0

For the construction of the described system of tariffs known as the optimal
bonus-malus system, we used the expected value premium calculation
principle as one of the simplest principles which can be applied in this regard.
Applying this principle, the amount of the premium which the insured would
pay is obtained when security loading is added to calculated net premium
which is proportional to the amount of net premium. Thus, the insured whose

previous experience of claims is represented by vector (Kj,K,,....k,) would
pay a premium in the following amount (Nadarajah, at. all, 2006):

P(kl’kzv"kt): (1+a)6t+1(kl’k21"'kt) (18)

Below we will draw the expression which is used for calculation of the
posterior premium in the system of the described bonus-malus based on
mixed Poisson models.

3.1. Poisson-Gamma model

t

If k :Zki denotes the total number of reported claims by the individual
i=1

policyholder during t years, then the estimate of the mean claim frequency
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for the group of the insured whose experience on previous claims is
represented by vector (K, K,,....k ):

0,.,(k, Ky, k)= i:‘t‘ =% (19)
According to the principle of the expected value the net premium is equal to:

P(k, K, ...k )= c(L+ ), (K, K,k )= c(L+ a)% (20)
Having in mind that the company's expected income per policy holder is:

30, (K Ky o P (K, Ky ) = % (21)

and assuming that the base premium amount is 100, the expression for
calculation of a posteriori net premium is given in the system of optimal
bonus-malus derived from Poisson-Gamma model:

a+k
P(k,,k,,..k, ) =100 T;t =100

r(a+k)
a(t +r)

(22)

T

3.2. Poisson- Inverse Gaussian model

If the experience on previous claims of the observed group of policyholders is
represented by vector (K;,K,,....k ), then the structure function for this
model (Besson and Partrat, 1992) is:

W(Olk, K, k) = Pl ky.- ki [0)(0)
TP(kl, K, ..k [O(6)d6

0

(23)

After simplification of this expression (Lemaire, 1995), it becomes:
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4 c

u(Glk, k, ...k )= 0% "e ¢ (24)

. 3 2h g’ . :
where by putting that a=k——, b= , C=-=— and introducing
2 2th +1 2h

2

a=v-1 b=24 and c= ‘;—IB it is obtained that the density function of

generalized inverse Gaussian distribution is:

() (25)
=0

As the generalized inverse Gaussian distribution is conjugate family for the

1
Poisson, it reduces to inverse Gaussian when v = E . If we further introduce

the equation Q, (u) = ——=——, the posterior premium is calculated using the

expected value principle and the described model becomes (Lemaire, 1995):
M
Pt+l(k1'k2""kt)=(1+a) k(ﬁj (26)

In the application of the stated formula, in the following chapter recursion is
2k -1 1
usedQ, (u)= +
Qa(u)

of K, (u), and that is that Q, (u) = 1.

, as well as one of the important features

4. Empirical research and discussion

The aim of this chapter is to design rating plan in accordance with the
information on previous experience of the policy holders, taking into account
the data on the number of reported claims of the policy holders in the previous
year.
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As it was stated before, we will first choose distribution for the selected
sample which fits the best the analized data. The following table shows the
frequency distribution of the number of reported claims of the insured during
the year 2015.

Table 3: Frequency distribution of the insured according to the number of
reported claims

Number of claims Frequency of the insured

0 55,215
1 6,014
2 518
3 46
4 3
25 0

> 61,796

Source: Author's calculation

In order to determine the expected (fitted) distribution of humber of claims we
first estimated unknown parameters of the assumed distributions using the
moment method. Then, probabilities are calculated for each model which we
apply multiplied by the sample size, thus getting the expected frequences.
The mean and the variance of the sample are equal to:

z:l-zn:xi-fi 0116512 =1 . f.-(X, —x)* =0.124753

K
n i n-1 43

(27)

Table 4: Expected claim frequences according to the selected distribution

Number Fitted frequencies
Observed - - -
of f . Poisson Poisson-Gamma Poisson-Inverse
. requencies 8
claims model model Gaussian model
0 55,215 54,999,62 55,216,51 55,211,90
1 6,014 6,408,14 6,008,45 6,021,10
2 518 373.31 525.35 514.85
3 46 14.50 42.19 43.84
4 3 0.42 3.24 3.91
>5 0 0.01 0.24 0.36

Source: Author’s calculations

Table 5 contains values of the estimated parameters of the assumed

2
distributions, as well as realized values of 4 the statistic test.
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2
Table 5: Realized 4 statistic test values and estimated parameters

Distribution Poisson Poisson-Gamma Poisson-Inverse Gaussian
~ 4 =1.647350 g =0.116512
Parameters 6 =0.116512 7 —14.138841 N
h =0.070727
2 ( fi B fi,)2
=t 165.35 0.711 0.709

)’

Source: Author’s calculations

From the inequality 7> =165.35> 7.815 = y3.0s5 it can be concluded that

the observed distribution cannot be modeled by the Poisson distribution, while
the hypothesis of adjusting of claim frequency mixed Poisson models
(Poisson-Gamma and Poisson-Inverse Gaussian) retains with statistical
significance at the 5%, since the following can be applied:

72 =0.711<7.815= y*s005 as well asy”=0.709<7.815= y’3005

(28)
Once we have proven adjustment of the frequency of reported claims of the
policyholders in the selected sample by some compound Poisson
distributions, further we along with previously described model, the optimal

bonus-malus premium system has been drawn, which gives the amount of the
premium that should be paid by the policy holder who during the period of t

years reports K claims.

Table 6: Optimal Bonus-Malus — Poisson-Gamma model

No. of
years Number of reported claims by the policyholder
without k

claim
t 0 1 2 3 4 5 6
0 100
1 93.39 150.09 206.79 263.48 320.18 376.88 433.57
2 87.61 140.79 193.94 247.16 300.34 353.52 406.71
3 82.49 132.57 182.66 232.74 282.82 332.90 382.98
4 77.95 125.27 172.58 219.90 267.22 314.54 361.86
5 73.87 118.72 163.57 208.41 235.26 298.11 342.95
6 70.21 112.83 155.44 198.06 240.68 283.30 325.92
7 66.88 107.49 148.09 188.69 229.30 269.90 310.51

Source: Author’s calculations
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Table 7: Optimal Bonus-Malus — Poisson-Inverse Gaussian model

V\’/\:?H(;)Jty(iaari; Number of reported claims by the policyholderk
0 1 2 3 4 5 6
100
94.26 151.18 223.41 303.05 408.47 493.10 544.64
88.25 142.27 205.75 275.17 338.17 471.23 497.82
85.64 131.98 192.03 259.76 328.27 375.47 471.42
82.06 126.37 179.54 241.68 301.91 357.72 421.74
78.50 119.58 169.44 224.96 284.46 326.41 394.22
74.97 112.67 158.11 210.06 269.14 313.64 341.19
70.21 107.40 151.27 200.38 247.31 299.87 329.76

~N(O|O|B[(WIN|FP | O~

Source: Author’s calculations

The main characteristics of the tariff system built on the basis of the described
mixed Poisson distributions is that it is a system that is financially balanced>
which means that the amount of expected claims is equal to the amount of the
total premium. To achieve this effect, the derived bonus-malus system
proposes discounts (bonuses), which are very close to those used in practice,
while on the other hand, certain maluses are stricter than those currently
applied. Described stricter penalizing of the drivers who cause accidents is
the result of the fact that it takes approximately eight years to eliminate the
effects of the reported claim. Also, the described system of tariffs is drawn
from the the analysis of considerably longer period without claim as it allows
granting additional discount for each subsequent year with no reported claim.
In contrast to a maximum discount of 15% after three years without the claim
which has been implemented in practice, the described system of rewarding
conscientious drivers can create an incentive to others to drive more carefully
and thus pay lower premiums.

As the bonus-malus systems is in force throughout the world, except in Korea
(Denuit at. all, 2007), the described system of tariffs penalize drivers based on
information on the number of claims, without taking into account the cost of
these claims, nor the distribution according to which these damages occure
during the year.

5. Conclusion

This paper analyzes a selected sample of Serbian automobile liability insurer
and the suggestion regarding tariffs is given, that is the optimal bonus-malus.

5 The financial stability of the bonus-malus system is a direct consequence of the
property of conditional expectation: g [w]=E, (e,
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As we have seen, the proposed tariff system is based on information about
the previous claims experience of the insured individuals, thus meeting the
basic principle on which price of insurance is made, and that is the principle of
fairness. Described bonus-malus makes it possible to improve the insurance
rating and thus render risk classes more homogeneous.

Analysis of the sample in terms of frequency of the reported claims by the
policyholder proves the hypothesis that in the modeling of claim counts mixed
Poisson distributions can be used, in particular Poisson — Gamma and
Poisson - Inverse Gaussian. Based on the properties of the selected
distributions using the principle of expected value we derived the bonus-malus
system whose main characteristics are described in the previous section. One
of them is the fact that the proposed tariffs are derived using only data on the
frequency of reported claims of the insured. Thus, one important factor is
neglected in determining the tariff, and that is the amount of previously
reported claims. Apart from the stated defect, the suggested system of tariffs
could be improved by introducing additional a priori characteristics of the
policyholders, as well as motor vehicle. Of particular importance may be some
characteristics of the policyholders such as sex, length of driving experience,
age, etc. The analysis of the described limitations of the established tariffs is
the next step that the authors intend to implement. This could also be the
critique of the existing tariffs in automobile liability insurance applied in the
Serbian market. If the non-existence of the risk zones is taken into account,
as well as recently introduced system of bonus-malus, one of the key findings
of this article could be the fact that it is necessary to determine new long-term
strategy in Serbia regarding development of automobile liability insurance
which includes a complex differentiation of premium rates and their
adjustment to individual risk. That ensures the sufficiency of the premiums
collected as well as timely and adequate compensation of claims. One way to
solve the problem described would be adequate cooperation with relevant
authorities of the Ministry of Internal Affairs of the Republic of Serbia, which
would be primarily reflected in the availability of certain information. Based on
this information it would be possible to make numerous analyses such as
determining the ratio of the number of claims and the number of vehicles,
determine the average amount of claim for the vehicle (the ratio of the total
amount of claims and the number of insured vehicles), claim structures (by
type and amount), identification of characteristics of those who cause traffic
accidents, the proportion of certain areas (risk zones) in the total number of
traffic accidents, and so on (Simeunovic, 2010).

The formation of tariffs in automobile liability insurance by applying
mathematical and statistical models is one of the basic requirements of
insurers in developed countries. Today, there is a variety of different models
in use which can successfully quantify individual risk factors that are
associated with both the insured and their main characteristics, as well as with
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the insured vehicle. The findings of the analysis in this paper, together with
proposed bonus-malus system, may be useful guidelines, that is a solid
starting point for the insurers in the creation of premium rates. At the same
time, these and similar analyses of the tariff system in automobile liability may
encourage consideration and implementation of various actuarial models
which become increasingly important.
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