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Abstract. This study performs premium analysis for copula models with regression marginals. For illustration purpose,
the copula models are fitted to the Malaysian motor insurance claims data. In this study, we consider copula models
from Archimedean and Elliptical families, and marginal distributions of Gamma and Inverse Gaussian regression
models. The simulated results from independent model, which is obtained from fitting regression models separately to
each claim category, and dependent model, which is obtained from fitting copula models to all claim categories, are
compared. The results show that the dependent model using Frank copula is the best model since the risk premiums
estimated under this model are closely approximate to the actual claims experience relative to the other copula models.
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INTRODUCTION

The global financial crisis in 2008 resulted in a negative impact on the majority of sectors of financial
industry in Malaysia. This impact can be seen in the decreasing stock price index of capital market and the
increasing interest rate of financial industry, resulting in decreasing loan demands and increasing non-
performing loans. In insurance sector, life insurers faced difficulties in producing adequate investment earning
which is required for fulfilling policyholders’ obligations, while non-life insurers encountered problems in the
increased l]l.llm of cases of fraudulent claims.

Insurance premiums for motor vehicle in Malaysia are determined by tariff structure set by General Insurance
Association of Malaysia (PIAM). Premium rates determined from tariff structure may cause insurers to be less
competitive and may not protect public interests in terms of providing ‘fair’ premium rates. Bank Negara
Malaysia has also reported that motor insurance tariff in Malaysia has not been revised for more than 30 years.
Therefore, an adjustment of motor premium rates is required, and the adjusted rates should be reviewed
periodically to ensure that the rates continue to reflect actual claims experience, where vehicle owners with good
claims experience (low risks) enjoy better premium rates, and vice versa. In other words, premium should be
pait the rate closest to the actual claims experience.

A road vehicle accident may produce three dependent types of claims namely third party bodily injury
(TPBI), own damage (OD), and third party property damage (TPPD). If there is more than one claim type, the
independent assumption for claim types can lead to over- or underestimated premium.

METHODOLOGY

Risk Premium Calculation

Risk premium gr the i-th risk class, i=1,2.....n, can be equated as the product of estimated claim frequency
and estimated average claim cost (severity) for all claim categories [1-5]. As such, if we have three claim
categories, the risk premium is

=JuC +. 1'\15;: +f,15,1 (1)
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is the estimated claim frequency and ¢, is the estimated claim severity for class i and category j,

where f;
claim costs for dependent model are assumed dependent betwe ategories, and the claims are modeled using
Elliptical and Archimedean copula families. Further studies on Elliptical and Archimedean copula families can

be found in [6-10].

7=1,2.3. The calculation of premium for both independent and de$dent models are performed using (1), but the

Frequency and Severity Models

Based on past literatures, claim frequency and severity for each category can be estimated using negalae
binomial [11-14] and gamma [15-16] regression models respectively. If the random variable for claim count, ¥, ,

is distributed as negative binomial regression, the probability mass function (p.m.f.) is

Pith =y =0 ) _w [T a T 1-,.=o.,,, @)
¥ L_a“i+a : _aui+al )

with mean E(Y)= g, af@variance par V= (1+ap ), » where @ denotes the dispersion parameter. Negative binomial
regression reduces to Poisson regression in the limit as @ —> 0. If a > 0, the variance exceeds the mean, and
negplive binomial regression allows overdispersion.

If C, is the random variable for claim severity and follows gamma regression, the p.m.f. is

Y (o
fe | ) =— :1—] ¢ exp)| —w—’]‘ G >0 &)
Cw) | g A

1
with mean £(C,) = g and variance Var(C,)=v'4? wher enotes the scale parameter.

The covariates for both negative binomial and gamma regression models can be included via a
log link,

H; = cm{ZﬁmJ =exp(x; B)°
k

where B is the vector of regression parameters and x; 1s the vector of explanatory variables.

Copula Model

Under dependent model, claim severities are assumed dependent between categories and the claims for all
caq;ries are modeled using copula [17-18]. Consider the distribution functiugl,ﬂ] of a trivariate distribution,
F. The idea of Sklar’s Theorem for a trivariate distribution is to represent F in two parts; marginal d.f., £, and

copuladf., H.Both F; and H can be connected in a trivariate d.f.
Flg,6,,¢,) = HIF(q). Fy(c,). Fic;)] = H(u, uy us) (4)

where U, , U, and U5 are standard uniform random variables.
The trivariate d.f. of an Elliptical copula is
H (1, 45,153 R) = FLE (), B (), F (1) (5)

where Fa._l(ua.} is the inverse of an Elliptical c¢.d.f. and R is the correlation matrix. The R can be obtained

using

r(X,Y}=£an:sin[p(X,Y}] (©)
Fia
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In this study, we usefebrmal and ¢ copula, which belong to Elliptical family, for fitting claim severities.
The trivariate d.f. of an Archimedean copula can be constructed through generator, ¢

H(uyuy o) = ¢ [(u,)+ @u,) + ¢y (7)
where ¢ is the inverse generator. In this study, we use Clayton, Frank and Gumbel copula, which belong to

Archimedean family, for fitting claim severities. The generator and inverse generator for Clayton, Frank and
Gumbel copula respectively are
1

dowy=u"-1, Fl=@+)* (8

(e =1 . 1 9
$,)=In| < ] #'(u) = —Infl+ &' (e -] )

k [ o

g =Clnuy, §'w=e" (10)

Premium Analysis
The risk premium from both independent and dependent assumptions can be analyzed using (11), which is

the quadratic distance (gqd) between model (M) and actual claims experience (ACE). The best model is when M
is the closest to ACE. The quadratic distance is defined as

gd = S[(M - ACEY ] (11)

i=l

RESULTS

Negative binomial and gamma regression models for each category of claims are shown in Table (1) and
Table (2). The negative binomial regressions are fitted to claim frequencies whereas the gamma regressions are
fitted to claim severities.

TABLE (1). Negative binomial regression model

Parameter B TPBI claim OD claim TPPD claim
est. t-ratio p-value est. t-ratio  p-value est. t-ratio  p-value
Elercepl -4.33 -93.62 0.00 -2.50 -30.30 0.00 -3.38 -89.47 0.00
1 yr -1.76 -24.20 0.00 -0.42 -4.96 0.00 -1.06 -17.31 0.00
2-3 yrs -0.43 -6.85 0.00 0.20 2.44 0.01 - - -
4-5 yrs -0.35 -5.55 0.00 0.15 1.89 0.06 - - -
yIs -0.18 -2.98 0.00 - - - - - -
-1000 cc 0.10 1.74 0.08 -0.48 -5.00 0.00 -0.30 -4.73 0.00
1001-1300 cc 0.12 2.11 0.03 -0.22 -2.21 0.03 - - -
1501-1800 cc - - - 0.19 2.06 0.04 - - -
1801+ cc 0.18 299 0.00 0.35 3.78 0.00 0.10 1.66 0.10
foreign - - - -0.16 -2.61 0.01 -0.19 -4.04 0.00
dispersion, a 0.01 2.32 0.02 0.04 4.29 0.00 0.02 3.53 0.00
LogL -212.34 -328.14 -264.76
AIC 442.67 676.27 541.53
BIC 459.88 695.39 553.00
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TABLE(2). Gamma regression model

Parameter B TPBI claim OD claim TPPD claim

est. t-ratio  p-value  est. t-ratio  p-value est. t-ratio  p-value
Elercepl 9.40 126.85 0.00 7.96 7699 0.00 7.53 7172 0.00
1yr -0.64 -3.20 0.00 0.28 2.58 0.01 - - -
2-3 yrs - - - - - - - - -
4-5 yrs - - - - - - 0.26 1.87 0.06
6-7 yrs - - - - - - - - -
0-1000 cc - - - - - - - - -
1001-1300 - - - - - - - - -
1501-1800 - - - 0.51 4.43 0.00 - - -
1801+ cc - - - 0.72 6.52 0.00 - - -
foreign - - - 0.54 5.59 0.00 0.24 2.08 0.04
scale, o 2728.99 4.87 0.00  616.36 4.93 0.00  418.33 4.91 0.00

LogL 49593 -443.45 -411.05

AIC 997.87 898.90 830.10

BIC 1003.60 910.37 837.75

Table (3) shows the risk premium for independent and dependent models, whereas Table (4) provides the
risk premium based on actual claims experience. Risk premiums for both independent and dependent models are
calculated using (1). Under independent model, claim severities for each category are fitted separately to gamma
regression models, whereas under dependent model, claim severities for all categories are fitted together using
copula (normal and ¢ copula from Elliptical family, and Frank, Clayton and Gumbel copula from Archimedean
family) with gamma regression marginals. The best models for Elliptical and Archimedean families are Normal
and Frank copula respectively. From Table (3), we can observe that the first rating class is for 0-1 year, 0-1000
cc and local vehicles, whereas the second rating class is for 0-1 year, 0-1000 cc and foreign vehicles. The
estimated risk premiums under independent model for the first rating class is RM159, dependent model using
normal copula is RM183, and dependent model using Frank copula is RM181. As for the second rating class, the
estimated risk premiums under independent model is RM218, dependent-Normal copula model is RM228, and
dependent-Frank copula model is RM207. The risk premiums for other risk classes are interpreted similarly.

TABLE (3). Independent and dependent premium
Exposure Fitted count Fitted cost Fitted premium
Independent Normal Frank Ind NormalFrank
TPBI _OD TPPD TPBI OD TPPDTPBI OD TPPDTPBI OD TPPD
65923 165 2200 576 6374 3790 1863 6634 4484 1897 6276 4441 1946 159 183 181
990 2 28 7 6374 6503 2368 6701 6984 2373 6261 6299 2202 218 228 207
47611 122 2061 562 6374 3790 1863 6606 4466 1909 6344 4445 1948 202 232 231
435 16 4 6374 6503 2368 6679 6988 2367 6234 6318 2302 279 294 268
32659 74 1761 385 6374 3790 1863 6610 4507 1905 6313 4447 1935 241 281 277
389
39 179 38 6374 6503 2368 6578 7002 2360 6279 6292 2314 336 360 326
20670 67 1935 350 6374 6311 1863 6609 6254 1886 6308 5752 1951 448 445 412
20298 46 1128 198 6374 10829 2368 6657 9723 2361 6242 8193 2305 639 577 491
5360 15 410 70 6374 7785 1863 6590 7157 1891 6286 6617 1941 637 589 548
25914 70 1690 279 6374 13360 2368 6647 11152 2371 6371 9425 2290 914 769 655

26166 345 2213 737 12088 8185 2368 12177 7284 2363 121777284 2363 918 844 844
1744 27 203 66 12088 5884 1863 12130 5388 1891 121305388 1891 946 803 893
55830 880 5542 1737 12088 10097 2368 12140 8317 2376 121408317 2376 1267 1090 1090
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TABLE (4). Premium from actual claims experience

Exposure Actual count Actual cost Actual premium
TPBI ODTPPD TPBI ODTPPD
65923 1913181 579 6870 4514 2730 262
990 320 8 925 3799 399 83
47611 1172190 690 8998 6915 3351 389
435 4 33 4 1748 4342 1196 356
32659 821730 496 7341 4304 1968 276
3893 6 166 38 7862 5548 2191 270
29670 651362 301 8960 6075 1948 318
20298 33 894 155 5915 8686 2374 410
5360 7 392 68 3344 5250 1491 407
25914 501476 2181222020772 4686 1246
26166 3452091 86931256 7584 3402 1131
1744 28 331 104 7116 3009 1642 783
55830 6674794 174922024 8437 3844 1108

The risk premiums provided in Table (3) and Table (4) can be analyzed using (11). Table (5) provides the
quadratic distance (gd) of risk premium between model and actual claims experience. It can be observed that the
risk premiums from dependent-Frank copula model are closest to the risk premiums from actual claims
experience.

TABLE (5). Premium quadratic distance

Independent Model Dependent Model
Normal Copula Frank Copula
1332 1001 982

Figure 1. presents the risk premiums from actual claims experience (PTS), independent model (MTB), dependent
model using Normal copula (MCN) and dependent model using Frank copula (MCF) for all rating classes. The
graphs show that the risk premiums from dependent model using Frank copula (MCF) has the closest distance to the
actual claims experience (PTS).
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FIGURE 1. Risk premium from actual claims experience, independent and dependent models
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CONCLUSIONS

This study has performed premium analysis for copula models with regression marginals. The analysis has
been performed using Malaysian motor insurance claims data. Several copula models from Archimedean and
Elliptical families have been considered, namely normal, ¢, Clayton, Frank and Gumbel. The best model from
Elliptical family is normal copula, while the best model from Archimedean family is Frank copula. The results
showed that the premium estimated from Frank copula (dependent model) has the closest distance to the actual
claims experience, and therefore, can be considered as the best model for modeling dependent claims data.
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