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Abstract: Insurance is seen as a tool which individuals can transfer risks to others, where insurers collect
funds from individuals to meet financial needs related to damage. Therefore analysis of risk in life insurance
claims is really be needed by the insurance company actuary. In an insurance system, the risk is the event
when an insured party puts forward a claim. The claim is compensation for a risk loss. The individual claim
in one-period insurance is called aggregation claim while aggregation claim is a collective risk [1].

Keywords: Insurance, the risk of a claim, Collective Risk, Value-at-Risk, Collective Modified Value-at-
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Introduction

Insurance is a tool for handling risks which is done by transferring from one party to another which
in this case will be the insurance company [1]. Economically, insurance means collecting funds which can
be used to close or give compensation to the person who is the one experiencing the loss [2]. Insurance is a
business of taking over the risk from customer to the insurance company until the customer feels comfortable
to follow the insurance program. Insurance must be reliable to handle the risk in order for the business to be
profitable, which in turn makes the customer feels comfortable to follow the offered program [3]. In
insurance, experience about risk is the occurrence of insured claim. Risk is generally measured by variance
and standard deviation [1]. It should be highlighted that variance and standard deviations measure the
average risk size and do not accommodate all of the risks, thus there is a need to find an alternative measure
[4,5].

The frequency distribution of claims is described as the number of claims filed by the policyholder to
the insurer. The exact frequency distribution of claims is modeled using discrete probability distributions
and we choose Poisson. The discrete probability distribution is a random variable having a sample space in
which elements can be registered. In this thesis, the sample space elements are nonnegative integers. The
distribution of such random variables is also called counting distribution. In the field of insurance, one of
the randomly distributed counting variables is a random variable that states the number of claims filed by
the policyholder for a given period [6].

Insurance is closely related to risk, because with insurance products there is a transfer of risk from the
policyholder to the insurer, so there is potential for the occurrence of losses (claims) that have a distribution,
called the distribution of losses (risk of claims).

A research study by [7] estimated the risk model of life insurance claims for cancer patients using the
Bayesian method. The research of risk measurement model done by the researchers discussed above
generally used the variance approach as risk measure but it cannot solve every risk events. Therefore, it is
necessary to develop an alternative risk measurement model.
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Problem Statement

As mentioned above, variance and standard deviation cannot solve all the risk events and these form the
basis why this research has developed risk measures based on Collective Value at Risk (CVaR) and Collective
Modified Value at Risk (CMVaR).

Research Objective

The objectives of the studies are as follows:

1. To estimate model parameters for individual and collective risk in life insurance, where many claims
are Poisson distribution.

2. To develop models of Collective Modified Value-at-Risk in risk life insurance, for a number of claims
and the distribution of the value of the claim.

3. To compare and analyze the calculations of Collective Risk, Collective Value-at-Risk, and Collective

Modified Value-at-Risk of the simulation data and value of the number of claims life insurance claims.
Theoretical Framework

The theoretical framework relation described above can be illustrated in following Fig 1.
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Figure 1. Theoretical Framework

Stages of Model Development

This section will discuss the stages of developing a model risk claim life insurance measurement. The stages
with the details are shown in following Fig 2.
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Figure 2. Stages of Claim Risk Measurement Model Development
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Generally, refer Fig 2, the attention of insurance companies and actuarial studies is about loss
distribution or risk claim insurance. Claim insurance (loss) must be paid in the future. The total amount
depends on the terms and conditions of the agreement and matters pertaining to the event when it happens.
However with changing times, and especially when the loss is random, the loss definition must be limited
by a single payment (even though the payment is smaller). Following this, the next information is using the
design loss analysis by aggregate.

Based on information from data of claim risk event, the separation process of insurance loss via
component claim (frequency claim) and amount of claim (severity claim) will be done. This has to be done
because it makes it easier to estimate distribution from both components. The composition comprising the
number of claims is a discrete event, until the random variable is random variable discrete, and will follow
the discrete distribution types such as Poisson, Binomial, Binomial Negative, or Geometric distribution.
Meanwhile, component amount of claim (severity claim) is a continuous distribution event, until the random
variable is random variable continue, and it will follow the continuous distribution as Gamma, Exponential,
Lognormal or Pareto distribution.

Next, items to be considered are the component number of claims and amount of claims and each
needs to determine the type of model distribution. After each component has been determined, the number
and amount of claims known as the distribution model that is very useful in designing a model from
aggregate risk (collective risk) in insurance must be considered. The objective of modelling risk aggregate
insurance is to develop probability distribution for the total benefits which must manage the model account
that will be used to fulfil the insured commitment.

Claim risk aggregate (collective risk) in insurance is generally measured based on variance or standard
deviation from loss distribution. One should take note that risk is measured based on variance or standard
deviation models used in this research cannot always accommodate all the claim risk events. This is due to
the fact that variance and the standard deviation is an average risk measurement. Because of this matter,
there is a need to develop a measurement risk model which can accommodate all events claim risk. In this
research, a development measurement model claim risk insurance is presented using approach models of
Collective Value-at-Risk (CVaR), and Collective Modified Value-at-Risk (CMVaR) model. The CVaR
model will be developed with a normal distribution standard approach, while CMVaR model will be
developed to accommodate when claim risk distribution has a non-normal distribution. The development
are general and specific ones.

A general model means that it is a mathematically formulated conception which is general, or what
can be used from any relevant combination distribution of number and amount of claims. On the other
hand, the specific model means that a development model includes the combination distribution number of
claims and the amount of the claims that have been set. The distribution combination number and amount
of claims such as Poisson-Lognormal.

The results of the development model risk measurement risk claim, produced measurement models
known as CVaR and CMVaR can be used as an alternative to measuring claim risk insurance. This would
be used until the claim risk insurance can be measured in a more suitable manner taking into consideration
the characteristics of data claim insurance as it happens.

Stages of Analysis

The stages in data analysis are methods or ways of processing data based on information collected
until the data characteristics are easily understood and provide benefits to find the solution, especially for
the research problem. Besides, data analysis can also refer to an activity that can change data results from
research to become the information that can be used to derive a conclusion. Stages for data analysis in the
claim life insurance measurement in this research is illustrated in the design as shown in Fig 3.

EKSAKTA |journal.uii.ac.id/eksakta 27 February 2021, Volume 2, Issue 1, 24-32



E-ISSN: 2720-9326
P-ISSN: 2716-0459

Claim Data Collection

Claim Data Clustering

/ Number of Claims Data / / Amount of Claims Data /
vV \
Assumption of the Distribution Assumption of the Distribution
of Number of Claims < of Amount of Claims
Parameters Parameters
Goodness of Fit Test Goodness of Fit Test
No No
Yes Yes

|

Distribution Model of Distribution Model of
Number of Claims Amount of Claims

Aggregate Claims
Model

v

Calculating the Collective

v

Conclusion

—_

Fig 3. Stages and Process of Data Analysis
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Stages and process of data analysis are shown in Fig 3 and explained in the following summary.

(a)

(b)

(©

(d)

(©)

®

Data collection: Data needed in this research is data about claim life insurance within a one time
period. Data claim insurance is the secondary data from Bank Negara Malaysia. This data claim
insurance includes the number of claims and amount of value from insurance claims paid to the
insured.

Grouping data: Data claim insurance obtained will be grouped into two components: number claims
of data (frequency of claim), and amount claims of data (severity of claim). Each component of the
claim data will initially be analysed based on descriptive statistics. The component data number of
claims is a random variable discrete distribution. The component data from the amount of claims
insurance is a random variable continuous distribution. Next, each component data will set the
distribution model based on the following steps: model distribution assumption, parameter
distribution model estimation, and the good of test distribution.

Model Assumptions Distribution: Model assumptions distribution on number and amount of claims
are held by matching the distribution frequency histogram with the number of claims and amount of
claims. The matching distribution frequency histogram will be done using software EasyFit 5.5. Based
on each distribution, frequency histogram is designed and the probability model assumptions are set.
Next, the based model distribution assumptions parameter model assumptions will be done.

Model Distribution Estimation: Based on each model’s distribution assumption that has been set,
the next parameter model distribution estimation will be held for each component claim insurance.
Parameter model distribution estimation will be done using Maximum Likelihood Estimator (MLE).
Parameter model distribution estimation will be done using software EasyFit 5.5. Next, the results
from the parameter model distribution estimation must obtain a good test as discussed in the
following section.

Good Test Model Distribution: To ensure that the parameter model distribution estimations results
are suitable for each component characteristic of the data claim insurance, a good test model is
needed. One step to having a good test model is by using statistical Kolmogorov-Smirnov test. A good
test model using this statistical test uses software EasyFit 5.5. When each component distribution
model data claim insurance is tested, and if it is stated suitable, then the next step is to analyze risk
claim measurement which includes claim risk Collective Risk, Collective Value-at-Risk (CVaR), and
Collective Modified Value-at-Risk (CMVaR).

Claim Risk Insurance Measurement: After gaining a suitable model distribution for each component
data of the claim insurance, the next step will be to analyze claim risk insurance. Risk claim insurance
measurement will be done using Collective Risk, Collective Value-at-Risk (CVaR), and Collective
Modified Value-at-Risk (CMVaR). Risk measurement Collective Risk Model, includes parameter
mean and variance estimation from each component claim data insurance. Risk measurement using
Collective Value-at-Risk (CVaR), includes parameter mean and standard deviation from each claim
insurance data component, as well as the percentage from standard normal with confidence level (1-
& )%. Meanwhile, risk measurement using Collective Modified Value-at-Risk (CMVaR) includes
parameter mean, standard deviation, skewness, and kurtosis from each component data claim
insurance, inclusive of the percentage from a standard normal distribution with confidence level (1-
& )%. Next, based on the results of risk calculation using all three model risk measurements, a
conclusion will be made.

The last stage in the claim data insurance analysis is making a conclusion by looking at the objectives of
research that have been conducted.

Collective Value-at-Risk
Generally, the Collective Value-at-Risk is defined as

CVaR =—-N{E(S) +z,(V[S])"*} (1)

By using equation

E[S] = E[Nm] = E[N]m,
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and
V[S] = E[N](m, —m%) + V[N]m}

substituted into equation (2.1), the model obtained has the following the equation:

CVaRz—N{E[N]ml+za(E[N](m2—mf)+V[N]mf)1/2} 4.6)

With :
N = many claim ( - sign means loss)
Z, =  percentile of the standard normal distribution when given level of significance &

E[N] = mean variable many of claim N

V[N] = variance variable many of claim N

m; = moment 1 from variable amount X

m, = moment 2 from variable amount X

Formulation Model of Collective Modified Value-at-Risk
It is noted that S is the aggregate claims amount of random variable defined by the equation :

S = Z Xi
i=1
A formulation has been done. Furthermore based on the studies by (Igbal et al., 2013) based on

myg = E[X ik ] the equations obtained:

E[S]=Am,
E[S?]=Am, + Am{E[S]=Am, + (Amy)?
E[S3]=Am3 + 2Am, E[S]+ AmE[S 2] = Am3 + 322mym, + (Am;)*3

E[S*] =Am, +3Am,E[S]+3Am,E[S?]+ Am,E[S°]

’

=AMy + 3/12m1m2 + 3/12m§ + 623m12m2 + ;tzmlmg + (ﬂbml)4

Using the values of E[S k ] for k =1,2,3,4, can be determined the mean, variance, skewness, and kurtosis

for S as follows:

_ENS-ps)’]_ Amg
VISP (amy)32

2
_EI(S - s )4 _ Amy +34mymp +34mj —3Amimg 0

VISI} (amy)?

ps =E[S]=Amy , 0§ =E[S*]- (E[S])* =Am; , 55
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Using equation :
Mg (t) =AM x ()M (t) + 3AM x ()M g (t) +3AM x ()M g (t) + M x ()M s (1),
(Igbal et al., 2013)

the model of Collective Modified Value-at-Risk (CMVaR) developed can be expressed as:

~ A
CMVaR=—Ngdamy +| z,, + = (22 D) (28 - 32,) %
6 (Amy)
2
/”tm4 +3/1m1m2 +3/1m§ —3/1m1m3 _i(223 _5; ) /1m3 (/1m )1/2
2 3 e Cra 312 2
(Amy) (Amy)

@
With:
N claims number incurred,

Z, percentile of the standard normal distribution when given significance level of & . Because of the

random variable claims Xj lognormal distribution, equation

E[XK]=E[eX"1=My (k) =exp{kux +1k%02}

obtained is as follows:

12
my = E[X; ]=efX 2%,
2
m, = E[Xiz]:ez('ux +ffx);
3uy +20%
m3:E[Xi3]:e X 2Gx;and

2

Conclusions

In this study, the formulation model of Collective Modified Value-at-Risk was studied, especially
when a lot of big claims have Poisson and lognormal distribution. In the Modified Value-at-Risk, Cornish-
Fisher expansion was intended to provide an adjustment factor to the estimated percentile of non-normal
distribution. Model of the Collective Modified Value-at-Risk (CMVaR) development results turned out to
be a function of the parameter of the Poisson distribution, and moments of m;, m, and m3 of the lognormal
distribution.

Suggestion and Recommendation

A study on simulation data have been done by us [8] shows that value obtained can be considered by
actuaries to analysing collective risk in life insurance. In the future we will propose on studying on real data.
Real data will be obtain by Bank Negara Malaysia which we propose also a comparison study between
existing model with our propose model.
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