Chapter 18.

UNCERTAINTY ANALYSIS AND
RISK MODELING IN INSURANCE

There are various definitions of risks, depending on the used approach, context
and the given aspect. It is considered by some authors that risk and uncertainty
are two completely independent concepts, while others see these terms as highly
interdependent. The notion of uncertainty implies that there is a possible
spectrum of events that can happen in the future, however without indications
that they will really happen or have a relative effect. On the other hand, the term
risk implies the possibility to list events that may occur in the future, and that
the likelihood of realization can be determined for the each one of them. The
uncertainty is also described as the absence of information in a decision-making
process and implies the assessment of a particular situation, alternative
solutions, possible results and consequences, etc. In extreme situations,
uncertainty can be characterized as the lack of information or knowledge about
a particular problem or in the decision-making process. Risk assessment is a
complex task that requires a great deal of responsibility, so the actuary needs to
be familiar with the application of the statistical theory of credibility and its
basic methods. In this study basic credibility procedures, with appropriate
calculations, are presented. Actuarial science requires a combination of
academic rigor and business practice. Actuaries rarely use the theory of
credibility in a purely statistical way. The subset of the observed population has
characteristics that are not completely determined, so the actuarial assessment is
necessary in order to determine the possible purpose of these characteristics. In
most cases, the effects of population characteristics are known to some extent,
but there is insufficient data to eliminate the need for a particular estimation in
the selection of probability distribution and parameters. Numerous examples
from practice indicate that there is often uncertainty about input data necessary
for making certain decisions. Decisions are often made on the basis of
experience, intuition, subjective assessment of paramatars that they appear in
these situations. Fuzzy mathematical modeling is used in situations of
uncertainty, uncertainty, and subjective evaluation.

1. CREDIBILITY THEORY

The credibility is an estimate of the predictive value in a certain situation that
the actuary assigns to a particular set of data. The credibility procedure is a
process that involves the estimation of the insurance company's experience for
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potential use in determining assumptions without references to other data or
identifying the related experience, as well as the selection and application of the
method for combining the relevant experience and the experience of the
company. The credibility procedure is used to improve the estimation of a
parameter in a given task. Credibility can be used to determine the price,
calculate the premium rate, as well as to determine the future premium rate
based on experience and reservation, etc.®* The application of the credibility
procedure requires taking into account the characteristics of both the experience
of the insurance company and the relevant experience (experience similar to the
experience of the company). Also, the prediction value of the latest experience
should be considered in comparison with the experience from previous periods.
The actuary should perform an expert assessment and carefully select and use
the relevant experience. Characteristics to be considered include demographics,
coverage, frequency, or other risk characteristics that can be determined, for
which the actuary expects to be similar to the company's experience.

The use of the credibility method is not always a precise mathematical process.
For example, in some situations, an acceptable procedure for combining the
experience of a company with relevant experience can be based on the fact that
the actuary grants a full, partial or no experience of a company without the use
of a rigorous mathematical model. The actuary should use a professional
judgment in the selection, development or the application of credibility
procedures. During the decision process, the actuary should take into account
the extent to which the experience of company is included in the relevant
experience. If the experience of a company is an essential part of the relevant
experience, the actuary should, based on a professional judgment, decide
whether and how to use this relevant experience. Also, the homogeneity of
these experiences should be taken into account, whereby segments that are not
typical representatives of the experience as a whole can be excluded, thus
obtaining a better predictive value. The actuary should also take into account
the balance between the data homogeneity and the size of the data set.

1.1. The current practice in applying credibility concepts

There are different approaches in the implementation of credibility procedures.
In some cases, the approach is based on estimation, while others deploy
mathematical models. Some of the mathematical credibility procedures are
discussed below. The most commonly used credibility procedures are based on

“61 Actuarial Standards Board (2011). Credibility Procedures Applicable to Accident
and Health, Group Term Life, and Property/Casualty Coverages. Actuarial Standard
of Practice, No. 25., Washington, DC: ASB, p. 2.

310



assumptions regarding the shape of the basic probability distribution. Based on
this probability distribution function, the corresponding number of claims, as
well as the amount of the premium, etc. is calculated, so that the probability of
the claims occuring is within the specified percentage of the expected value. In
the limited fluctuation credibility approach, it is assumed that claims follow
normal distribution. Within this approach, partial credibility is assigned to the
experience of the insurance company based on the square root of the ratio of
actual claims to the standard of total credibility.

Empirical credibility procedures measure the statistical relationships of the
subject experience to its mean and to comparable experience of prior periods,
without reference to the underlying distribution.

Bayesian analysis combines current observations with a priori information in
order to get the most accurate estimates, while the credibility theory directly
depends on the existence of a priori information that could be weighted by
current observations. In certain situations, the Bayes analysis formula exactly
matches those of Buhlmann credibility assessment, due to the fact that Bayes
estimate represents the linear weighting of the current and a priori information
that is further weighted with Z and (1-Z), where Z stands for Buhlmann
credibility. One example of Bayesian credibility is high precision credibility,
also reffered to as Linear Bayes credibility or Buhlmann credibility.

The latest credibility methods include the estimation of credibility in
generalized linear models or other multivariate modeling techniques. The most
common forms of these models are often referred to as generalized linear mixed
models, hierarchical models and models of mixed effects. In these models,
credibility can be estimated on the basis of the statistical significance of the
estimation of a parameter, the impact of the model on a split data set, or the
consistency of any of these measures.

1.2. The application of credibility theory

The difference between statisticians and actuaries lies in the fact that, for
example, a statistician will be 95% sure that a certain estimate is correct, which
rarely occurs in practice. On the other hand, the task of the actuary is to
determine what is to be done when there is no 95% confidence, but for example
45% or even when there is no knowledge of the confidence level. It is the task
of the actuary to point out the way in which the existing confidence in the
available data, other relevant information as well as certain important business
aspects could be considered at the same time.
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The credibility theory provides tools for working with random variables (data)
used to predict future events or costs. For example, the insurance company uses
data on past losses of insured (claims) to estimate future expenses for the
provision of insurance coverage. However, insurance losses arise from random
occurrences. The average annual cost of claims in the past few years may be a
poor estimate of the costs for the next year. The expected accuracy of this
estimate is the function of claims variance. These data by themselves are not
acceptable for calculating the insurance rate.

Instead of relying solely on recent observations, better estimates can be
obtained by combining these data with other information. For example, let's
assume that recent experience suggests that workers should be charged a
premium rate of 5 EUR (per 100 euros payroll) for employee insurance.
Suppose the current rate is 10 EUR. What should be the new rate? Is it 5, 10, or
a value between them? Credibility is used to weight these two estimates
together, as follows:

Estimated = Zx[Observation]+(1-Z)x[Other informations], 0 < Z <1,

where Z credibility is assigned to observation, and 1-Z is referred to as the
complement of credibility.

The equation implies that if the set of observed data is large, the parameter will
not vary greatly from one period to the next, and then Z will be closer to 1. On
the other hand, if the observation consists of limited data, then Z will be closer
to zero and more weight will be given to data from other sources. Credibility
implies a linear assessment of the real expectations made as a result of a
compromise between observation and the previous hypothesis. Thus, for the
previous example, the premium rate would be Z x [5] + (1-Z) x [10].

Let's consider the following example. In a large population of car drivers, the
average driver makes a claim every five years, i.e. the annual claim frequency is
0,25 per year. The result of a performed random selection is a driver who had
three claims over the last five years with a claim frequency of 0,55 per year. An
estimate of the expected future frequency for this driver is needed. If we had no
information about the driver, except that he belongs to the observed population,
the frequency would have been 0,25. However, we know that the claim
frequency for the observed driver was 0,55. Is this our estimate of his future
frequency of claims? There is a correlation between the previous claim
frequency and the future claim frequency, but this correlation is not perfect.
Due to the randomness of accidents, even the good drivers with low expected
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claim frequencies can be involved in one. On the other hand, drivers with poor
driving skills can file no claims for couple of years..

It can be assumed that the right frequency is a value between 0,25 and 0,55.
Expected value of future frequency of driver claims is equal to:
Z.0,55+(1—2)-0,25.

Next, it is necessary to determine Z, or how much credibility should be assigned
to driver information. In an attempt to forecast future claims, the actuary does
not know the value of the distribution parameters. Also, there are many possible
and different values that can be best estimates of the basic parameters. One of
these values is the recent historical experience of the company. Other values are
reported in various industrial studies of insurers considered to be similar to the
company for which the actuary is trying to predict the cost of the claims. How
can the actuary select the best estimate that will be used in the forecast and how
can they justify their selection process?

The credibility theory attempts to solve the problem with a compromise
solution: instead of choosing one or the other best estimate, a value that is a
linear combination or a weighted average of the best estimate is chosen. The
credibility theory is used in the following procedure: as a preliminary step, from
a variety of external or industrial assessments, the one that is rated as closest to
the characteristics, considering the line of business, for which the actuary
attempts to predict the future cost is chosen. It the next step combines the
estimate obtained from the company's experience with the best outside, using
the appropriate weights, in order to predict the future cost. Weight factors are
determined as a function of the number of insured companies that the company
had in the most recent historical period. The basic idea is to give more weight to
the company's historical experience.

Using credibility theory, an actuary can anticipate future values in the following
way: begin with an estimate of the cost from the company's latest historical

experience - ., and estimating costs derived from the most appropriate

external source - 4., . Then the values of N, i N, are determined. N, is the

fer
minimum sample size. If the company's costs come from a sample size that is
smaller thanN,, then the company's experience is ignored and industry
estimates are used. Similarly, N, is the size of the sample needed for full
credibility. If the cost of damages to the company originates from a sample size
that is greater than N, the company's experience is used and the industry's

assessment is ignored.

fer 0
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Denote the number of insureds in the most recent historical period of the
company with N and the forecasted claim cost with N According to

comp ! forecast *

the credibility theory, it is estimated N in the following way:*®

forecast

If N = NO' then Cforecast = Hing

comp —

If N > N, , thenC

comp — fer? forecast :ucomp

If Ncomp > NO and Ncomp < Nfcr’ then Cforecast = Z/ucomp+ (1 - Z) /uind'
There are two methods for determining the weight in the above formula.
According to the limited fluctuation method, Z is determined as follows:

H Ncom
Z= mm[ P ,1}
Nfcr

According to the second method, models of a greatest accuracy credibility are
used. The basic element of this approach is that the concept of probability
should be objective and free from the influence of any subjective factors, with
the simultaneous possibility of practical application in experiments. According
to this understanding, the probability can be defined and applied in situations
that can be repeated over and over again under identical conditions. Z is
determined as follows:

N

Z — comp
Ncomp + K

K is another parameter to be determined. In order to apply these formulas in
practice, the actuaries need estimates of the values of Ng, Ny, Z and K.
However, there are no simple and generally accepted ways of estimating these
parameters, which limits the practical application of some of the credibility
formulas. There are some problems in evaluating the value of the parameters.
Actuarial literature does not provide any method of assessment of Ny, which is
generally accepted and based on a scientific basis. The limited fluctuation
approach gives the following formula for performing Ny:

for =h2—/uz

%62 American Academy of Actuaries (2008). Credibility Practice Note. Washington,
DC: American Academy of Actuaries, p. 9.
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However, for the application of limited credibility, it is necessary to define four

parameters: p, h, u i o' . Parameters p and h are the level of reliability and

marginal error. By definition, each individual can choose any value for these
parameters. The fact is that in practice the most commonly used 95% level of
reliability and 5% for marginal error, does not provide scientific foundation.
The actuary might want to use the other values for these parameters. As a result,
for the same insurance, an actuary may consider, for example, 400 for the
sample size that produces complete credibility for the experiential data. The
other actuary may take into account any number of samples less than 1100 that
is not sufficient the complete credibility.

Parameters x and o are also unknown. If the actuary succeeds in determining
M (the value of a certain size per month per member), it is not necessary to

determine the Ng;. In actuarial literature K is defined as the ratio v/« , where
v is the expected process variance and « is defined as the variance of the
hypothetical means. There are no good and acceptable estimates of these
values. In fact, there are no estimates of these parameters at all. Without good
estimates of these two parameters, the estimation of K, and therefore the
assessment of Z becomes problematic.

2. LIMITED FLUCTUATION APPROACH
We need the following data to calculate the credibility factor Z, in accordance

with the method:*®3

n opserved insured persons at a certain point, ie part of the year t;
Sum insured B;,

1

2.

3. d, =0 if insured person did not die and d, =1 if the person did die,

4. Let us denote by q; the real mortality rate and g’ the mortality rate from the

Mortality Table and suppose that g, =mq’, where m is the real racio.***
5. Aisthereal, and E is the expected value.

We can now determine the following values:

%3 Klugman S., Rhodes, T., Purushotham, M., Gill, S. & MIB Solutions. (2009).
Credibility Theory Practices. Schaumburg, IL: Society of Actuaries, p. 1.4.

%41t is possible to create models where the multiplier depends on a particular category
(such as age or duration). However, the relationship must be explicit and the
formulas become much more complex.
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A=>"Bd,

i=1

E:zBi fiqis
i=1
m=A/E

The preceding formulas refer to amounts, if we work with numbers, simply
substitute the sum of the insurance with the numbers (number of claims,
number of lapses etc.).

Further, assuming @, = mgq;’, we get the following formulas:

ZBE ZB,f,q,

E () = = _
H=E(h)="=— E

ZBzvar ZB G (1- f.q,)
o’ =Var()="2 =2 = =2

Zn: Bi2 fimd qiS (1_ fimd qls)
_ =l

=2 1)
To determine the variation for numbers, the equation has following form:
Var (d f.o (1-f,
o’ =Var(m )= Z _Z al q)zﬂzi )
E’ E’ E FE?

The credibility formula now becomes Zm+(1-Z)a, where Zand a need to be

determined, whereby the method does not specify how these parameters should
be determined.

For zZ =1, we have full credibility if Pr ( i —

< rm)> p,and it represents a

relative error. The method also does not specify how to determine r and p. If
this condition is not met, then Z is chosen in such a way to reduce the variance
of the credibility assessment to the value where it has the desired accuracy.

316



It is commonly to use a normal approximation in order to estimate the
probability and then the credibility factor **°

z =min(r—nj,lj 3
6

The value of o is usually taken as a ratio that would be used if there are no
data (ie, assigning is given zero credibility). If we assign 1, it implies that a
standard table, or average mortality in the observed companies, is used. The
choice of « can have a significant impact on the final result.

Example 1: we want to estimate the mortality rate g, for the group of insured
persons aged 55 to 65 years, with a one-year experience for 1.000 insured
persons with data as in Table 1.

Table 1. Data for Example 1.

No. of policy Sum insured No. of dead
120 8.000 5
270 27.000 9
460 45.000 7
150 80.000 2

Estimates of the mortality rate are calculated using the formula:

= o (4)

The method does not provide us with guidelines in setting parameters to make
the assessment complete credibility, but leaves a free choice. We will assume
that the probability of a relative error is less than or equal to 5% at least 90%,
and that Z has a standardized normal distribution, that is, we verify that:

pr[q;cﬂ <0, o5j at least 90%.
q

Assumptions:
a) Central Limit Theorem can be applied
b) The amounts of the insurance sum are not random, and

%5 Corresponding quantile from the normal distribution, based on the chosen value of p
(for example, for the confidence interval p = 90% is z = 1.64485).
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¢) The insured pearsons are mutually independent and have the same value q.

Then:
Pr(-0,050 < §-q<0,05q) = Pr(_o’ 9,0 05qj
O O
Table 2.
No. of sum insured | NO of B.d. B.
policy dead i !
120 8.000 5 40.000,00 960.000,00
270 27.000 9 243.000,00 7.290.000,00
460 45.000 7 315.000,00 20.700.000,00
150 80.000 2 160.000,00 12.000.000,00
1000 160.000 23 758.000,00 40.950.000,00

From where, using formula (4) that is:
4=0,0185, o =0,005and Pr(-0,2035<Z <0,2035)=0,1586,

and that is less than 0.9 so the assessment does not have full credibility. Since
the full credibility has not been reached, the weight must be determined, which
is called the partial credibility factor. The most common method used is the rule
of a square root. There are several justifications for this approach, but they all
have flaws.

Firstly, it is necessary to determine the minimum exposure required for full
credibility, so the weight is the square root of the actual exposure and the
minimum established exposure. The same value is obtained if we determine the
standard normal value for the desired probability (confidence interval), and then
to determine the ratio of the real value and this value. For example, the partial
credibility factor is 0,2022 / 1,64485 = 0,1229.

This suggests that a weight of 12.29% should be given to the observed mortality
rate (relative frequency). The method does not determine what to do with the
rest of the weight, on which value to apply.

The next example shows credibility calculation for lapses in life insurance.
Table 3 contains data from 6 insurance companies, the number and the amount
of real and expected lapses. For the illustration, a mix of large, medium and
small insurance companies are selected.
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Table 3. Data for six companies

No. lapses Amount of lapses Expected number | Expected amount of
of lapses lapses

Cl 12.012,00 789.113.322,00 9.620,54 590.962.948,06
C2 1.066,00 69.840.534,00 1.170,55 115.278.432,01
C3 3.874,00 880.443.656,00 3.331,02 670.024.330,00
C4 1.230,00 56.965.533,00 890,00 33.593.401,80
C5 1.803,00 291.423.661,00 1.902,12 340.221.381,20
C6 4,00 1.250.400,00 2,33 688.105,65
19.989,00 2.089.037.106,00 16.916,56 1.750.768.598,72

In the first step, the A / E ratio is calculated for the number and amount of the
lapsed contracts, as well as the variance according to equations (1) and (2). The
results are shown in Table 4.

Table 4. A/E and variance calculation

AJE lapse AJE lapse Variance Variance
(number) (amount) (number) (amount)

C1l 1,25 1,34 0,00014 0,00022

C2 0,91 0,61 0,00076 0,00525

C3 1,16 1,31 0,00035 0,00126

C4 1,38 1,70 0,00224 0,16792

C5 0,95 0,86 0,00049 0,00219

C6 1,72 1,82 0,53334 1,60133

1,18 1,19
Table 5. Lapse Results by Policy for Limited Fluctuation

Overall Comp. Number

A/I_E z AII_E of Lapses Estimated A/E Ratio

Ratio Ratio

(p=0,9) | (p=0.95) (p=0,9) | (p=0,95)

C1l | 118,2% 1,000 1,000 124,9% 12.012 124,9% 124,9%
C2 | 118,2% 1,000 1,000 91,1% 1.066 91,1% 91,1%
C3 | 118,2% 1,000 1,000 116,3% 3.874 116,3% 116,3%
C4 | 118,2% 1,000 0,637 138,2% 1.230 138,2% 130,9%
C5 | 118,2% 1,000 1,000 94,8% 1.803 94,8% 94,8%
C6 | 118,2% 0,098 0,041 171,7% 4 123,4% 120,4%
In the Table 5 calculations were performed with confidence interval p = 90%

and p = 95% by Policy and by Amount, whereby estimated A/E ratio is:

Z x[Company A/E ratio] +(1-Z)x[Overall A/Eratio], 0<Z <1,

319




Table 6. Lapse Results by Amount for Limited Fluctuation

OX\EIE‘” 7 Cg\r/rép. Number Fluctuation A/E
Ratio Ratio of Lapses Ratio
(p=0,9) | (p=0,95) (p=0,9) | (p=0,95)
C1l | 119,3% 1,000 1,000 | 133,5% 12.012 | 133,5% 133,5%
C2 | 119,3% 1,000 0,420 60,6% 1.066 60,6% 94,6%
C3 | 119,3% 1,000 0,859 | 131,4% 3.874 | 131,4% 129,7%
C4 | 119,3% 0,177 0,074 | 169,6% 1.230 | 128,2% 123,1%
C5 | 119,3% 1,000 0,650 85,7% 1.803 85,7% 97,4%
C6 | 119,3% 0,057 0,024 | 181,7% 4| 122,9% 120,8%

2.1. Summary of limited fluctuation credibility

The advantage of the model is in the simple implementation and
comprehensibility. Limited fluctuation credibility approach is suitable for
determining experience rating where there is a default premium. In certain
cases, no assessment is required to determine whether there is full credibility or
to calculate a partial credibility factor.

On the other hand, the lack of a model is only to reflect the variability of the
sampled data. Parameters, « , r and p are arbitrarily chosen and the accuracy of
the parameter « is not included in the calculation of Z.

3. GREATEST ACCURACY CREDIBILITY METHOD

Greatest Accuracy Credibility is also referred to as Bayesian credibility, linear
Bayesian credibility and Buhlmann credibility. The underlying element of this
approach is that the concept of probability should be objective and free from the
influence of any subjective factors, with the simultaneous possibility of
practical application in experiments. According to this method, the probability
can be defined and applied in situations that can be repeated over and over
again under identical conditions.

All variations of the method assume that there are more than one entity that has
their own probability distribution. Another assumption is that these probability
distributions are distributed among the entities in accordance with the second
distribution of probability. The goal is then to use this information to estimate
the distribution of the probability (or key parameters of that distribution) for one
or all entities.
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One of the differences in the methods is to use the total variance, which also
affects the result. The total variance for observations is the sum over all entities
and the two variation obtained from different sources:

1. For each entity, the variation of entities’ observations about that company's
mean.
2. Variation between the mean of each entity and the total mean.

There a coulpe of limitations in this approach. First, the appropriate
distributions must be identified, and then their parameters. Also, the
implementation of the Bayesian' theorem is not always simple and depends on
the distribution. In the case of normal distribution, there is no difficulty in
obtaining the Bayesian solution. It is:

ZX+(1-Z) u (5)

z-_1" (6)
n+v/a

If there are more observations (higher n), the sample mean has higher
credibility (although it is never complete credibility). If vis high then the
observations are very variable, which means that the data is less credible, which
is what the formula indicates. Let's assume that « is high. Then the entities are
very different from each other. Therefore, each of them can be quite large or
small and therefore should not move towards the middle. This implies greater
credibility. On the other hand, if & =0, each entity would have its own mean
and there is no reason to grant credentials to data, i.e. each entity is average.
Another way of looking at this is that « refers to quality of 4 in the same way

as it v refers to the quality of the sample mean.

Suppose we are looking at a group in which 2000 insured lives and 23
deaths and another group with 3,000 live and 67 deaths. The empirical
Bayes calculation approach would be as follows in Table 7.4

The mean is £ =90/5000 = 0,018.

The variance is determined by the variance estimation for each group, and then
weighted by their sample size with a small correction to obtain unbiased
estimate. The result is v =0,01765.

%6 Klugman, S. A., Panjer, H. H., & Willmot, G. E. (2004). The Loss Models: From
Data to Decisions. John Wiley & Sons, p. 595.
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Table 7. Empirical Bayes calculation approach

Lives Deaths q 1-q Var
2000 23 0,0115 0,9885 22,7355
3000 67 0,0223 0,9777 65,5037
5000 90 88,2392

H= 0,018 V= 0,01765

Futher calculation is:

2000(0,0115-0,018)” +3000(0,02233-0,018)° ~0,0176
20007 + 30007
5000

4=
5000 -

a =0,00005132.
Z for the first group is obtained by applying the equation (6):

2000

Z= =0,8532,
2000+0,01765/0,00005132

further using formula (5) credibility estimate is 0,0124.

In the Bayesian model an initial or prior distribution is based on the past data,
professional experience, and/or opinion. Observed results are then used to
formulate a predictive or posterior distribution.

In further research we will present Biihimann empirical Bayesian Method based
on a linear Bayesian model that uses only first two moments of distribution. The
method is empirical, since the moments of prior distribution are based on past
data.

n

A

E(a)=pand j-ia

n

SE

i=1

Equation for Variance is:
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where:
B; - sum of the expected contracts lapsed for entity, and

C; - sum of the square of the expected contracts lapsed for each policy of entity
i.
Estimated A/E ratio is:

Zx[entity A/ E ratio]+(1-Z)x[Overall A/ E ratio].

Table 8. Number of lapses by policy

Numper of Number of AJE
Number of policy
expected lapse | lapse C
lapses exposed to ;
| (By) ratio
apse
Cl 12.012,00 272.308 9.620,54 | 1,25 280,90
C2 1.066,00 24.687 1.170,55 | 0,91 36,85
C3 3.874,00 88.959 3.331,02 | 1,16 94,32
C4 1.230,00 36.998 890,00 | 1,38 121,04
C5 1.803,00 44,993 1.902,12 | 0,95 57,33
C6é 4,00 77 2,33 | 1,72 0,09
Total 19.989 16.916,56 | 1,18 590,53

Using the formula for the variance we obtain that 6% =0,03. Now Z can be
calculated according to the formula (7).

323



Table 9. Lapse Results by Policy

Overall Buhlmann

AJE 7 Compan_y A/E | Number of estimates

Ratio Ratio Lapses AJE Ratio
C1 118,2% 0,995 124,9% 12.012 124,8%
C2 118,2% 0,963 91,1% 1.066 92,1%
C3 118,2% 0,987 116,3% 3.874 116,3%
C4 118,2% 0,958 138,2% 1.230 137,4%
C5 118,2% 0,977 94,8% 1.803 95,3%
C6 118,2% 0,050 171,7% 4 120,8%

Both approaches assume that the mean value (total A / E ratio) is constant over
the time. This assumption for a period of 5 years for mortality can be
representative. However, the rates of lapse vary with factors such as economic
conditions, as well as events in the field of insurance, including the introduction
of new products or changes in regulations. Therefore, many actuaries limit this
assumption for a shorter period.

The scores of the models are very similar and vary by less than 5%, as a result
of the application of variance.

3.1. Summary of greatest accuracy credibility

Bayesian methods express their advantage by using information of all
parameters in estimating each individual parameter. In addition, the Bayes
method considers all unknown parameters that appear in the statistical model as
random variables, and their distribution is linked to the available information.

All aspects of the process, approximation or assumption are clearly defined and
stated, after which the solution is derived from the basic principles of
probability. The method has a clear objective function, minimizing mean square
error. Also, there are no arbitrary choices that are not related to the observed
random variables.

However, linear Bayes approximation can give poor results, especially in
situations where the random variable has a heavy tail. The second variance, or
empirical Bayes estimates « , can be negative, since « is the variance and the
real value cannot be negative. A case where a prior distribution is known from
some other source represents an exception, thus resulting in a possibility to
determine credibility only if there are multiple entity data.
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4. FUTHER RESEARCH

The credibility theory relies heavily on actuarial, or other related expert
judgment, when making decisions in the selection, development and use of
credibility. The theory of fuzzy system allows the use of subjective judgments
expressed by using vague terms, relations and statements to describe the
problem and selection of alternatives in a decision making process. The system
based on fuzzy rules leads to the modelling of human interpretation.*’ The
nature of human behavior is to judge on the basis of evidence, as a starting point
for making adequate decisions and achieving goals.

However, uncertainty and vagueness are the most common reasons for the
occurrence of errors in assessing the characteristics and size of certain
phenomena, due to the lack of clear and accurate information about the
environment. Reduction of the level of assessment subjectivity is thus greatly
affected, which is stressed as one of the more significant problems in
experience and expert assessment.*®®

Today, there is a common view that when a complex system does not provide
enough information to be described wih mathematical expressions that could be
implemented within a precise mathematical model, the theory of fuzzy
mathematics provides acceptable characteristics compared to other approaches
for solving those problems.

Numerous authors in determining premium rate introduce factors of uncertainty,
vagueness, or ambiguity. Within the same homogeneous group there may be
differences between the influences of the identified risk elements that can
individually or collectively affect the overall risk of specific insurance cover.
Also, the risks that are accepted in insurance cover are often very complex and
there are different causal relationships between known and expected risks
within a homogeneous group of insurance. This is often the result of the
uncertainty of the evaluators and the variability of the conditions.*®® This fact

7 Kerkez, M., Ralevié, N., Milutinovié, O., Vojinovi¢, Z., & Mladenovié-Vojinovié, B.
(2018). Integrated Fuzzy System and Multi-Expression Programming Techniques
for Supplier Selection. Technical Gazette, 26(1), p. 1.

“%8 Gajovi¢, V., Kerkez, M., & Kocovié, J. (2017). Modeling and simulation of logistic
processes: risk assessment with a fuzzy logic technique. Simulation. Transactions of
the Society for Modeling and Simulation International, p. 10.

9 Tomagevi¢, M., Ralevié, N., Stevi¢, Z., Markovi¢, V., & Tegi¢, Z. (2018). Adaptive
fuzzy model for determination of quality assessment services in supply chain,
Tehnicki Vjesnik, 25(6), (in press).
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determines the need to define the gross premium and gross premium rates in a
certain range, from minimum to maximum value. In the future research authors
will attempt to study the risk using credibility theory focusing on risk situations
described by fuzzy variables.
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