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Abstract

Claim risk is a payment made by the insurance company to the policyholder. Actuaries in insurance companies should be able to measure
and control the risk of claims, in order to avoid losses to insurance companies. In this paper we analyze the Geometric-Gamma
Collective Modified Value-at-Risk model in life insurance risk. In this research, there is a development of claim risk measure called
Collective Modified Value-at-Risk, which is an extension of Collective Risk model. This Collective Modified Value-at-Risk model
requires estimation of the mean, variance, skewness, and kurtosis parameters. The result of this research, is that the extent of this model
can be applied to the risk of claims amount of non-normal distributed. Thus, the Collective Modified Value-at-Risk model can serve as

one of the statistical alternatives for measuring the risk of claims on life insurance.

Keywords: Life insurance, claim risk, collective risk, Value-at-Risk, Collective Modified Value-at-Risk, non-normal distribution.

1. Introduction

Insurance can be seen from two points of view, namely first; As
protection to the finances provided by the insurer, and secondly;
As a risk pooling tool of two or more persons or companies
through the promised donations to establish funds to pay claims
[4]. Insurance is a means of risk transfer, requiring collective
(agregate) risk, ie insurer combining risks from many insured.
Through this collective risk insurer can improve the ability to
predict expected losses [2]. Although most insurers collect enough
pre-paid premiums to cover all of their expected losses, some of
the insurers are unsure of part of the burden on the entire insured
after the loss [5]. Therefore, the insurer considers it necessary to
have the ability to measure risk of losses, which can minimize the
risk level of these losses [12]. The magnitude of the need to
measure the risk of losses more precisely, led to the need for many
alternative measurement methods developed in the study
([91; [8D).

Research on the risk measurement model of these losses has also
been widely practiced by previous researchers. As for example,
[1], examines the estimated total amount of claims in the auto
insurance industry. This study aims to estimate insurance claims
from a set of data using the Tweedie and zeroadjusted Gaussian
inverse (ZAIG) methods. [3], examines the modeling of risk
parameters in risk premiums in internal multi-year models. The
study concludes that the risk parameters in the premium may have
a significant impact on the company's risk situation, and are a risk
that needs to be adequately considered. [11], conducts research on

collective risk models for the distribution of claim reserves. In this
study proposes a different way of analyzing the remarkable claims
reserves based on the Collective Risk Theory approach. This
collective risk is a combination of the frequency of claims and the
amount of claims incurred. Related to the frequency of claims,
Valecky (2016), has modeled the frequency of claims in
motorcycle insurance, concluding that considering overdispersion
is an important point in modeling the frequency of claims. [16],
analyzing insurance claim data using Lognormal model.
Meanwhile, [13] estimates the risk model of life insurance claims
for cancer patients using the Bayesia method. The research of risk
measurement model that has been done by the previous researcher
above generally use approach of variance as risk measure. While it
is worth noting, that the standard deviation or deviation is a
measure of average risk, so it can not accommodate any risk
events. Therefore, it is necessary to develop an alternative risk
measurement model.

Based on the above description, this paper analyzes the
development of Geometric-Gamma Collective Value-at-Risk and
Modified Collective Value-at-Risk model. As for the object of
research in this paper is life insurance claim data. Where the
frequency of claims is assumed to follow the geometric
distribution model, and the claim amount is assumed to follow the
Gamma distribution model. The purpose of this study is to
develop an alternative risk measurement model, to measure the
risk of aggregate losses on life insurance claims.
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2. Problem Statement

Insurance is a tools in handling risk which is done by transferring
from one party to another party which in this case will be the
insurance company. Economically, insurance means collecting
fund which can be use to close or giving compensation to the
person who is the one having the loss. Insurance is a business
taking over the risk from customer to the insurance company until
the customer feels comfortable to follow the insurance program.
Insurance must be good to handle the risk so the business will be
profitable so the customer feels comfortable to follow the offering
program. In insurance, experience about risk is the occurrence of
the insured claim. Risk is generally been measure by variance and
standard deviation. But should be notice that variance and
standard deviation is an average risk size, which it could not
accommaodate all of risk until it be need to find other alternative.
One alternative to measure risk is using Value at Risk. Value at
Risk (VaR) is one way to answer by measuring risk probability
can be experienced by a claim. VaR is a measurement can be use
to asses the worst loss which it probably can happen to an
insurance company, weather its individual or in aggregate
(collective) in one time, at level chance set. In VaR, probably of
loss is calculated by probability loss is worst from a set
percentage. VaR is a quantile measurement which been assume
that function probability is following the normal distribution. The
problem is how if the function probability is not following the
normal distribution. That is why it is needed a modification from
Value at Risk which is known as Modified Value at Risk (MVaR).
The Modified VaR is applied in AlternativeSoft’s platform. The
skewness and the kurtosis effect is high if the VaR is computed at
99% (Sukono et all., 2016).

In one insurance system the risk is happen from the insured can
bring up claim. Claim is a compensation for a risk loss. Individual
claim in one period insurance is called aggregation claim while
aggregation claim is collective risk [2]. Should be know that
collective risk is calculate based on variance and standard
deviation. As mention above variance and standard deviation
could not accommodate all risk event. That is why, in this research
we will develop risk measure base on Collective Value at Risk
(CVaR) and Collective Modified Value at Risk (CMVaR).

3. Materials and Methods

This section discusses the materials and methods used in the
research in this paper. In the methods used, discussed include:
claims distribution model, collective risk model, Collective Value-
at-Risk model, and Collective Modified Value-at-Risk model.

3.1 Materials

The data used in the research in the development of Collective
Value-at-Risk (CVaR) model, and Collective Modified Value-at-
Risk (CMVaR) model, is the claim data from ABC insurance
company. These claims data are secondary data, which can be
grouped into two types, namely claims frequency and claim
amount. Claim data from ABC insurance company during 2016,
summarizing the frequency of claims occurring as many as 91
events, and the claim amount reaches IDR 221,639,944.00.

3.2 Methods

This section discusses the models used in the analysis methods in
this paper. The discussion includes: the claim distribution model,
the collective risk model, the collective Value-at-Risk model, and
the Collective Modified Value-at-Risk model.

3.3 Claim Distribution Model

This section discusses the distribution of claims, which consists of
the distribution of claim frequency and the distribution of claim
amount. In this paper the claim frequency is assumed to follow the

geometric distribution model. So if we let N isthe random
variable of the claim frequency with the value N, and p is the
probability of occurrence

parameter a claim, the claim is the function of the probability of
occurrence (Dicson, 2005; Valecky, 2016)

pg" L n=123,...

o (1)
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where ( =1— P is a parameter of claim does not happen. The
moment generating function of equation (1) is shaped ([8]; [5]):
pe'
~
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While the claim amount, in this paper is assumed to follow the
distribution of Gamma. Thus, if we let X random variable of
claim amount with value X, as well & and ﬂ are the Gamma
distribution parameters, then the probability density distribution
function of kalim amount is ([2]; [13]):
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Moment generating function to k from equation (3) are:
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Collective Risk Model. If we let S is a random variable of the
aggregate claims amount, N random variable of claims
frequency, and X; random variables of claim amount of

individuals i, the aggregate of the claims expressed as [11]:

N
S=>Xj. (4)
i=1
So that the conditional expectation of equation (4) is
N N
E[S|N=n]:E{ZXi:|:ZE[Xi]=nm1 , and for
i=1 i=1

n=012..... , E[S|N]=Nny , so that the unconditional
expectation of (4) is:

E[S] = E[Nmy] = E[N]m;. (5)

While the conditional variance of equation (4) is
N N

Var[S | N =n] :Va{z Xi:l =Y Var[Xj]=n(my —mlz) ,
i=1 i=1

and for n=012....., Var[S| N]=N(my - m12) . Therefore,
the unconditional variance of (4) is:
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Var[S] = E[Var(S | N)] +Var[E(S | N)] =
E[N](mz —mZ) +Var[N]m?. ®)

Furthermore, if it is assumed that {Xj}j=1 independent and

identically distributed (iid), then the moment function of equation
(4) can be expressed as [2]:

alternative to aggregate claims risk measurement equation (4), it
can be formulated so-called Collective Value-at-Risk (CVaR) as:

CVaR = —Ng (E[S]+ ze{Var[ST}/ ?) =
— No(EINImy + 2c{E[N](mz —m?) +Var[NIm?}/ 2) (8)

That is, if within a period of time there are as many claims

Mg (t) = EM x (03" 1= E[exp{log{M x )} 1=M (OogMoedt] N, which has a mean aggregate claims as equation

(7

3.4 Models of Collective Value-at-Risk and Collective
Modified Value-at-Risk

Referring to [6] and [15], Value-at-Risk (VaR) is a measure of
market risk, which means when invested in initial capital Vg , in
asset markets that have normal distribution with a mean return u
and standard deviation o ,

will have the potential maximum loss is equal to
VaR = -Vg(u+2zc0) , where z; percentile of the standard
normal distribution at a significance level (1—c )%. If the
principles of Value-at-Risk expanded its application as an

(5) and the variance as equation (6), will have the risk of loss of
the equation (8), where z; percentile of the standard normal

distribution at a significance level (1—c )%.

Meanwhile, if the return of market assets is non-normally
distributed, according to [6] and Guarda et al. (2012), then
potential losses can be measured using Modified Value-at-Risk
(MVaR). Thus, if this Modified Value-at-Risk principle is
extended as an alternative to the risk of aggregate claims of
equation (4) that is not normally distributed, then it can be
formulated as Collective Modified Value-at-Risk (CMVaR) as:

CMVaR = NO{E[S] 20+ 22 -0els)+ 5 0 ~30)ndS] - 223 —5zc>(g[81)2j<var[51)1’2}, ©

where E[S], Var[S], ¢[S], and «[S], respectively are mean,

variance, skewness, and kurtosis of aggregate claim as equation
(4). Parameters of ¢[S] and x{[S], specifically require the use of

successive third and fourth moments of the aggregate claims
distribution equation (4).

4. Results and Discussion

This section describes the results and discussion, covering the
description of the results of data

processing analysis, and a description of the usefulness of each
value obtained from the analysis of data processing.

4.1 Results

In this section we explore the results of the analysis of data
processing, which includes: estimation of the claim frequency
distribution model, estimation of the distribution model of the
claim amount, and estimates the collective risk of insurance
claims.

Estimation of the distribution model of the claims frequency.
The estimation of the distribution model of the claims frequency is
made by referring to equation (1), with the following stages:
identification of the distribution model, distribution model
parameter estimation, and distribution model matching test. The
claims frequency occurring is a random sequence of events that
can be predicted by Discrete distribution models. ldentify the
distribution model of claims frequency made through curve
matching, using software of EasyFit 5.5. The result of matching
this curve, indicating that the model suitable for claim frequency
is following Geometric distribution. While estimation of
distribution model of claim frequency is done by using Maximum
Likelihood Estimator method. Estimates were made using
software of EasyFit 5.5, and obtained the parameter estimator
p = 0.1165. Furthermore, the parameter estimator needs to be

tested for suitability, based on predetermined assumptions. This
distribution fit test was performed using Kolmogorov-Smirnov

statistics. The hypothesis tested is Hg : claims frequency data

follow the Geometric distribution, against the alternative Hy :

claims frequency data does not follow the Geometric distribution.

Kolmogorov-Smirnov test results, obtained the test statistics D =
0.29504. While at 95% confidence level, obtained critical value
D1_g504 = 0.37543. Because D < Dj_gsrgy, it is clear that Hy

be accepted. This means that the claim frequency data follows the
Geometric distribution, with the probability density function for
Geometric distribution as follows:

7(n,0.1165) = (0.1165)(1— 0.1165)"1: n=123,...  (10)

The distribution model estimate of this claim frequency, then, is
used to estimate the collective risk of insurance claims.

Estimation of the distribution model of the claim amount. The
estimation of the distribution model of the claim amount is done
by referring to equation (3), with the following stages: model
identification, model parameter estimation, and model fit test.
ldentification of a distribution model of individual claim amount,
made by matching the histogram distribution function. This curve
matching is done using software of EasyFit 5.5. The result of the
matching curve, obtained by a suitable distribution for individual
claim amount data, is the Gamma distribution. Furthermore, the
obtained distribution is estimated parameter with Maximum
Likelihood Estimation method. Estimator value obtained is o =

152.71 and S = 0.08352. Further, testing the suitability of the

distribution based on the assumptions that had been
predetermined. This distribution fit test was performed using

Kolmogorov-Smirnov statistics. The hypothesis tested is Hg :
claims amount data follows the Gamma distribution, against
alternatives Hq: claim amount data do not follow the Gamma

distribution. Kolmogorov-Smirnov test results obtained the test
statistics D = 0.10341. While at 95% confidence level, obtained

critical value Dj_ggo, = 0.37543. Because D < Dy_ggy, it is
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clear that H be accepted. Means that claim amount data follows

the Gamma distribution
with an probability density function for Gamma distribution as
follows:

F(4) = 1 — xL5271-1a-(x/0.08353 y o (11
I'(152.71)(0.08352)

This distribution model estimator of claims amount, together with
the distribution model estimator of claim frequency, is then used
for estimating collective risk.

Estimation of the collective risk of insurance claims. This
section discusses the collective risk estimates of insurance claims.
The discussion covers the expectations of aggregate claims and
the measurement of collective risk. Collective risk measurements
are based on: Collective Risk (standard), Collective Value-at-Risk,
and Collective Modified Value-at-Risk. Estimated expectations of
aggregate claims and collective risk measurement, done based on
claim frequency estimator distribution model equation (10), and
the distribution model of the claim amount estimator equation
(11). In estimating aggregate claim expectations and collective
risk measurements, estimators of parameter values are required:
E[N] and Var[N], as well as the value of moments estimator

of: mq, my, mz,and my.

Using the distribution model estimator of the claim frequency of
equation (1), an estimator of the parameter value can be obtained

E[N]= 8.584, and estimator parameter value Var[N] =

65.100. While using the estimator of the distribution model of the
equation of claim amount of equation (11),

an estimator of the values of moments can be obtained:
mp = 608412.178, my = 1.32278 x 10%%;
m3=1.3456x 10" ; and my = 9.23033 x 10%.
Expected value of agregate claim E[S], determined with
reference to the equation (5), and the result is that
ug = E[S]=5222422.13.
While Collective Risk (Variance of agregate claim) Var[S],
determined by reference to the equation (5), and the result is that

o2 =Var[$]=3.2275x 10,

Furthermore, if the risk of aggregate claims is measured by
Collective Value-at-Risk (CVaR) at the level of significance ¢ =
0.01, then obtained a standard normal distribution percentiles
20.01= 2-3263.

Suppose the claim frequency within a year is No = 91, value of

Collective Value-at-Risk (CVaR) can be calculated using equation
(8) as follows:

/2
CvaR = —91{— 2.3263(3.2275 ><1013)1 + 5222422.13} = 727379339.8

If the risk of aggregate claims is measured by Collective Modified
Value-at-Risk (CMVaR), it is necessary to determine the
estimators of Skewness ¢[S] and Kurtosis «[S]. Using the

estimator of parameter values: P, mq, mo, M3 and my, can
be obtained the values of skewness ¢[S]= 3.587486, and kurtosis
x[S] = 15.12596771. Collective Modified Value-at-Risk
(CMVaR), on the assumption that the significance level ¢ = 0.01,

and the claims frequency in one year is Ng = 91, can be

determined using equation (9). Based on calculations obtained the
magnitude of CMVaR is CMVaR =51589567(.

4.2 Discussion

Claim data from the ABC insurance company during the year
2016, the incidence of each month is fluctuating both the
frequency and amount of the claim. As has been explained, briefly
the claims frequency occurred as much as 91 events, and the
claims amount reached IDR 221,639,944.00. Meanwhile, based on
the analysis results obtained the expected value of aggregate claim
E[S], its value is equal to ug = IDR 5,222,422.13 per month or

IDR 62,669,066.00 a year. Where risks are measured by base
Collective Risk (Variance of agregate claim) Var[S], its value is

equal to aé =3.2275x 10" or o= 5,681,109.00 per month or

IDR 68,173,309.00 a year.
If the risk of aggregate claims is measured by the Collective
Value-at-Risk (CVaR) model at the significance level = 0.01, and

assuming the claim frequency within a year is Ng = 91, the
obtained estimator of Collective Value-at-Risk (CVaR) of IDR
727,379,339.13. Whereas, when the risk of aggregate claims is

measured using the Collective Modified Value-at-Risk (CMVaR)
model, at the same level of significance and assumption of the

claim frequency, it is obtained Collective Modified Value-at-Risk
(CMVaR) of IDR 515,895,670.00.

Which size of risk, in this case that will be applied in the ABC
insurance company, certainly depends on several considerations,
both quantitative and qualitative. At least, the analysis of the
development of this aggregate claim risk measurement model can
serve as an alternative. Because measurement of risk is very
important with regard to the determination of a reasonable
aggregate premium, meaning it does not harm the insurance
company but is covered by the insured.

5. Conclusion

In this paper we have analyzed the Geometric-Gamma Collective
Modified Value-at-Risk model in life insurance risk. The data
analyzed in this paper is secondary data obtained from the ABC
insurance company. Based on data analysis, it can be concluded as
follows: the claims frequency follows the Geometric distribution

model with the parameter estimator p= 0.1165. Meanwhile, the
claim amount following the model of Gamma distribution with
parameter estimator & = 152.71 and /} = 0.08352. Thus, the

aggregate claim model formed from the distributions of the claims
frequency and the individual claim amount, is a geometric
compound distribution. Based on the distribution of geometric
compound formed moments mq = 608412.178; my =

1.32278x10%%; mg = 1.34565x10%%; and my = 9.23033x10%.
Using values of P, mq, mp, mg, and my, obtained estimator

values: mean fg = 5222422.13; variance &é = 3.2275x10%;

skewness ¢g = 3.587486; and kurtosis K'g = 15.12596771. Thus,

with a significance level of 5% obtained Collective Modified
Value-at-Risk (CMVaR) of IDR 515,895,670.00. This value is a
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measure of alternative risk, especially if the insurance claim does
not follow the normal distribution.
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