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ARTICLE INFO ABSTRACT

Weibull distribution, which was introduced by a
Swedish physicist named Weibull, is today the most common model used in studies of
reliability, longevity, quality control and widely in various branches of science, including
Insurance, medicine and engineering are used. This distribution has a lot of flexibility
for modeling different data. The main goal of this research is to calculate insurance
premiums and estimate Weibull distribution parameters using different estimation
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ESW”““"’? In this article, the parameters of the Weibull distribution and the net
Net premium premium are estimated using moment estimation, maximum likelihood, least squares
Outliers of error, weighted least squares, percentage, Cramer-Von- Mises, Mixture of moment
Weibull distribution

and maximume-likelihood are discussed in the presence of outliers. R software was
used for simulation and numerical calculations and Easyfit software was used to fit
the Weibull distribution to the real example data. At the end, real data examples for
obtaining different estimators of the premium in the case of unknown parameters
and 6 and known a is provided.

In this research bias, the mean square error of net premium and unknown
parameters 3 and 8 were obtained by using different estimators for Weibull distribution
data as well as the generalized variance of unknown parameters 8 and 6.

In this part, the evaluation and comparison of the estimators using
real and simulated data was discussed, which was obtained by different k_maxfor real
data. For example, in the moment method, kmax was equal to 5, based on which the
net premium is 3.37657. In the simulated data, according to k (number of outliers),
n (sample size) and B and 6 values, bias values, mean squared error and generalized
variance of premium and different estimators were obtained. As an example, for n=10,
k=1, B=1.5, 6=3 and a=70, by comparing the bias and generalized variance of the
estimators, we come to the conclusion that based on the bias, the percentile estimator
has a better performance than the other estimators. That is, it has less bias and

*Corresponding Author: according to the generalized variance, the maximum likelihood estimator has a better

Email: jabbarinm@um.ac.ir performance than other estimators and the estimators are consistent (the generalized
Phone: +9851 38805694 variance decreases with the increase of the sample size). Based on the mean square
ORCID: 0000-0002-5636-2209 error, the moment estimation has a better performance than other estimators.
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Table 1: Generalized variance of ﬂA and § k= 1, a=70, =1.5,0=3

80 70 60 50 40 30 20 10
3.87100E-05  1.26922E-06  6.06231E-07  3.21285E-07  2.14166E-07  1.69703E-07  1.55588E-07  1.92214E-07 GV
1.97538E-08  1.99333E-08  2.46108E-08  2.84662E-08  3.65628E-08 ~ 5.22965E-08  8.36677E-08  1.79596E-07 GV
3.11076E-08  3.15600E-08  3.85760E-08  4.25733E-08  5.63784E-08  7.93896E-08  1.21521E-07  2.44235E-07 GVipix
7.97425E-09  5.61779E-06  4.42858E-05  7.15781E-06  2.35275E-05  1.68057E-03  4.80476E-02  1.23522E-01 GV
2.45829E-08  2.46707E-08  2.56103E-06  9.78616E-05  9.19961E-03  4.59410E-02  1.32637E-01  8.15719E-02 GViis
2.93741E-08  1.46580E-09  6.78105E-07  2.93950E-05  3.05403E-05  6.63587E-02  4.79328E-05  4.39627E-02 GV,
1.91250E-09  5.42587E-08  2.81324E-08  3.09258E-08  1.11028E-08  1.26374E-05  5.50953E-05  3.15833E-04 GVpm
8.01101E-06  6.95291E-06  8.25041E-06  8.91714E-06  9.42261E-06  9.42261E-06  9.24930E-06  9.55168E-06 GVyy
k=15a=70,f=150=3 lila 0 5 B oni> o)) ¥ Jsox
Table 2: Bias of premium, 3 and 6 for a=70,=15,0=3and k=1
80 70 60 50 40 30 20 10 n.))jT)J
6.613597 4.608409 3.402212 2.593288 2.013110 1.576279 1.235106 0.955721 Bmm
-0.020410 -0.021725 -0.023361 -0.025361 -0.028951 -0.034674 -0.045903 -0.080321 émm
0.009641 0.009457 0.009198 0.008803 0.008276 0.007367 0.005515 -0.000010 Pmm
0.013005 0.012189 0.012264 0.012404 0.012592 0.012583 0.012992 0.011409 ﬁm,
0.000300 0.000245 0.000301 0.000487 0.000497 0.000675 0.001127 0.002528 @ml
0.009589 0.009397 0.009124 0.008731 0.008170 0.007218 0.005302 -0.000420 Pmi
0.023521 0.023343 0.024286 0.025545 0.027582 0.030612 0.037074 0.054289 3mix
-0.020410 -0.021725 -0.023361 -0.025361 -0.028951 -0.034674 -0.045903 -0.080321 §mix
0.011859 0.011802 0.011709 0.011547 0.011365 0.011029 0.010302 0.008020 Prmix
0.000038 0.000299 0.000659 0.015561 0.029723 0.039065 0.056561 0.152185 ﬁls
-0.003550 -0.003666 -0.007294 -0.002184 -0.006010 -0.003766 -0.013328 -0.014508 éls
0.009245 0.009061 0.008408 0.008489 0.007509 0.006806 0.003836 -0.002298 Dis
0.038261 0.039054 0.044906 0.061221 0.072476 0.106568 0.179438 0.164468 ﬁwls
0.000085 -0.000022 -0.000053 0.000231 -0.001159 -0.003675 -0.007245 -0.013306 @W,S
0.009568 0.009372 0.009097 0.008679 0.007986 0.006752 0.004361 -0.002463 Puwis
0.000078 0.000094 0.000322 0.024120 0.042782 0.077545 0.057565 0.162843 ﬁp
-0.003718 -0.000092 -0.005916 0.000690 -0.002708 -0.000921 -0.004132 0.002380 ép
0.009000 0.009195 0.008256 0.008415 0.007366 0.006419 0.003743 -0.002876 ﬁp
0.000005 0.000015 0.000011 -0.000012 -0.004159 0.000115 0.003230 0.002263 ﬁwm
-0.002246 -0.004731 -0.008341 -0.004387 -0.002177 -0.005818 -0.012754 -0.011819 écvm
0.009365 0.008914 0.008259 0.008249 0.007997 0.006678 0.004017 -0.001599 Pevm
0.520921 0.508096 0.357149 0.430097 0.424165 0.428637 0.368719 0.403137 Bad
-1.578636 -1.572513 -1.531119 -1.546045 -1.546783 -1.544725 -1.531580 -1.540284 @ad
0.377298 0.373518 0.352403 0.358118 0.356877 0.353100 0.342251 0.329843 Dad
-
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k=135 a=70,=150=3 slila g B «oni> slas pg oly oSle ¥ Jgoz

Table 3: Mean square error of insurance premium, B and 4 for a.=70, B=15,06=3andk=1

80 70 60 50 30 20 10 " ool
)9 R
43.852004 21.270536 11.588148 6.730986 4.055707 2.486428 1.526584 0.914074 ﬁmm
0.000454 0.000513 0.000594 0.000700 0.000909 0.001299 0.002249 0.006739 émm
0.000093 0.000090 0.000085 0.000078 0.000069 0.000055 0.000032 0.000003 Pmm
0.000988 0.000928 0.000943 0.000900 0.000952 0.000980 0.001033 0.001006 [?ml
0.000024 0.000026 0.000032 0.000039 0.000047 0.000066 0.000101 0.000226 éml
0.000092 0.000089 0.000084 0.000077 0.000067 0.000053 0.000029 0.000002 Dl
0.001378 0.001330 0.001389 0.001402 0.001557 0.001763 0.002239 0.003824 [?mix
0.000454 0.000513 0.000594 0.000700 0.000909 0.001299 0.002249 0.006739 9ml-x
0.000141 0.000140 0.000138 0.000134 0.000130 0.000123 0.000108 0.000068 Prmix
0.000003 0.000408 0.001299 0.000739 0.001538 0.079502 0.612501 1.460405 Els
0.021561 0.021594 0.043122 0.014423 0.035980 0.021606 0.079039 0.086155 915
0.000347 0.000342 0.000590 0.000246 0.000488 0.000304 0.000945 0.000994 Dis
0.002323 0.002343 0.070741 2.139438 1.274108 2.135238 3.111170 1.061570 ﬁ’wls
0.000029 0.000030 0.000037 0.000046 0.007252 0.021644 0.043131 0.079042 @Wls
0.000092 0.000088 0.000083 0.000076 0.000150 0.000303 0.000529 0.000971 Dwis
0.000007 0.000043 0.000024 0.004645 0.002897 3.074393 0.004270 1.039910 [?p
0.028742 0.007230 0.043148 0.007235 0.028801 0.021628 0.050318 0.043388 ép
0.000429 0.000171 0.000588 0.000158 0.000399 0.000299 0.000607 0.000503 ﬁp
0.000000 0.000002 0.000001 0.000001 0.000094 0.000352 0.000710 0.004011 ﬁwm
0.014401 0.028755 0.050319 0.028763 0.014417 0.035954 0.079013 0.078996 9C,,m
0.000262 0.000427 0.000675 0.000415 0.000237 0.000475 0.000949 0.000909 Devm
0.300706 0.286001 0.139618 0.200382 0.194808 0.199080 0.149837 0.177763 Bad
2.501719 2.481907 2.350353 2.396420 2.398889 2.392302 2.352259 2.379324 éad
0.144818 0.141826 0.125477 0.129700 0.128803 0.126068 0.118449 0.110076 Pad
k=3 5a=70,=150=3 &l 0 5 f s sy Joix
Table 4: Generalized variance of [}and 0 for a=70,8=1.5,0=3and k=3
n
80 70 60 50 40 30 20 10
23512

-1.0912E08 -1.897E08  -1.9171E08  -1.5905E08  1.6600E-08  2.0900E-08  2.6200E-08  4.4200E-08 GV

-5.2187E09 -7.4700E09 -7.5899E09 -7.3745E09 8.4200E-09 1.3900E-08 1.9300E-08 5.3100E-08 GVt

-1.0017E08 -1.0187E08 -1.1286E08 -1.0466E08 1.2600E-08 1.9500E-08 2.7200E-08 5.5000E-08 GVoix

-0.0817E08 -1.1317E08 -1.4030E08 -2.6497E05 5.1500E-06 2.4500E-08 4.9900E-05 5.4200E-05 GV,

-1.0313E08 -1.1613E08 -1.2515E08 -1.3969E08 1.7200E-08 8.6000E-05 5.4400E-06 5.6300E-06 GV,is

-1.1153E08 -1.1456E08  -1.1821E08  -1.0064E05  5.7900E-03  5.9181E-03  1.0552E-04  8.6500E-06 GV,

-2.1246E09 -1.0146E08 -4.9640E05 -4.6588E06 1.3800E-05 7.5900E-06 9.7800E-06 9.3300E-08 GVoym

-1.0013E05 -1.0878E05 -1.0034E05 -7.1534E05 7.4300E-06 8.5700E-06 9.1200E-06 7.3300E-06 GV,
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k=3 5a=70,=150=3 il 0 5 f coni> o)) 0 Jso>
Table 5: Bias of premium $ and 4 for o =70,4=1.50=3and k=3

n
80 70 60 50 40 30 20 10
sl
1.470136 1.342069 1.234950 1.136308 1.043646 0.955707 0.870904 0.778491 ﬁmm
-0.039010 -0.04101 -0.04544 -0.053053 -0.063128 -0.080208 -0.115863 -0.227768 émm
0.027328 0.028338 0.027505 0.026485 0.024802 -0.000030 -0.005519 -0.022033 Pmm
0.0056801  0.004580 0.003757 0.003776 0.003150 0.002876 0.002904 0.001890 [?ml
0.000132 0.000503 0.000985 0.000281 0.000525 0.001172 0.001311 0.003346 éml
0.029350 0.028260 0.027422 0.026391 0.024711 -0.000163 -0.005706 -0.022443 Dl
0.023550 0.025690 0.027387 0.030992 0.035729 0.044763 0.063962 0.127084 Bml-x
-0.039012 -0.04101 -0.04544 -0.053053 -0.063128 -0.080208 -0.115863 -0.227768 @mix
0.033010 0.032700 0.032358 0.032016 0.031339 0.008130 0.005710 -0.003167 Pmix
0.015698 0.014598 0.013217 0.012882 0.012238 0.011512 0.011847 0.011612 [;’,s
-0.000105 -0.00020 0.000413 -0.015268 -0.003157 0.000107 -0.015360 -0.011244 @ls
0.031235 0.028275 0.027416 0.024753 0.024364 -0.000174 -0.007286 -0.023127 Dis
0.015267 0.014258 0.012579 0.012096 0.011509 0.009486 0.010852 0.010747 /?W[S
0.0000520  0.000022 0.000534 -0.000191 -0.000018 -0.002696 -0.003207 -0.004972 gwls
0.029147 0.028253 0.027408 0.026370 0.024679 -0.000525 -0.006025 -0.022543 Dwis
0.015311 0.014612 0.013145 0.012780 0.028513 0.033665 0.014419 0.009138 Bp
0.0009523  0.001034 0.001872 -0.004512 -0.000852 -0.002633 0.001883 0.009463 ép
0.029061 0.028141 0.027259 0.025535 0.024100 -0.001222 -0.006604 -0.023883 Py
0.003852 0.002779  0.001828 0.002216 0.001621 0.000954 0.001558 0.001181 [?wm
-0.000052 -0.00004 -0.02927 -0.003062 -0.008789 -0.002352 -0.005404 0.001550 éwm
0.032144 0.028331 0.024214 0.026119 0.023796 -0.000395 -0.006226 -0.022229 Devm
0.613400 0.512420  0.413913 0.344350 0.457913 0.440960 0.403016 0.349001 Bad
-1.593504 -1.57290 -1.54372 -1.532222 1.549700 -1.546344 -1.542829 -1.535349 @ad
0.386591 0.385821 0.369460 0.361285 0.363760 0.331751 0.314774 0.265815 Pad
k=3 5a=70,=150=3 &l 05 f wans> s> o ols Sile # Jyir
Table 6: Mean square error of insurance premium, 8 and & for ¢ =70, =150 =3and k =3
n
80 70 60 50 40 30 20 10
LDV
2.01253 1.801670 1.525489 1.291486 1.089438 0.913589 0.758654 0.606224 [?mm
0.001360 0.001730 0.002116 0.002869 0.004055 0.006531 0.013572 0.052149 émm
0.000856 0.000804 0.000757 0.000702 0.000616 0.000001 0.000032 0.000488 Pmm
0.000275 0.000240 0.000244 0.000210 0.000197 0.000220 0.000210 0.000262 ﬁml
0.000027 0.000031 0.000035 0.000040 0.000048 0.000075 0.000112 0.000306 éml
0.000851 0.000799 0.000752 0.000697 0.000611 0.000001 0.000034 0.000506 Pmi
0.000761 0.000881 0.000977 0.001158 0.001466 0.002216 0.004294 0.016399 ﬁmix
0.001456 0.001730 0.002116 0.002869 0.004055 0.006531 0.013572 0.052149 gmix
0.001092 0.001070 0.001048 0.001026 0.000983 0.000067 0.000034 0.000013 DPrmix
0.000538 0.000528 0.000512 0.000463 0.000435 0.000424 0.000703 0.001978 Bls
0.000032 0.000038 0.000042 0.089732 0.018042 0.000094 0.089638 0.053781 9,5
0.000852 0.000800 0.000752 0.001664 0.000803 0.000001 0.001042 0.001042 Dis
0.000652 0.000558 0.000480 0.000462 0.000446 0.004886 0.000486 0.001877 Bwls
0.000029 0.000034 0.000039 0.000046 0.000058 0.018033 0.018027 0.018162 9w13
0.000852 0.000799 0.000752 0.000696 0.000610 0.000205 0.000232 0.000669 Pwis
0.000588 0.000529 0.000456 0.000444 0.321345 0.166055 0.006054 0.002588 Bp
0.000031 0.000039 0.000046 0.035922 0.018052 0.035891 0.018055 0.018468 ép
0.000840 0.000792 0.000744 0.001074 0.000790 0.000414 0.000244 0.000729 Dy
0.000301 0.000291 0.000281 0.000265 0.000260 0.000421 0.000276 0.000346 ﬁwm
0.000052 0.000038 0.180193 0.017954 0.053900 0.018066 0.035930 0.000380 écvm
0.000769 0.000803 0.002709 0.000894 0.001192 0.000206 0.000437 0.000497 Devm
0.351410 0.291318 0.185775 0.128892 0.231765 0.211974 0.177168 0.132000 :éad
2.582651 2.483567 2.389717 2.352914 2.408907 2.397471 2.387199 2.362506 éad
0.164085 0.151088 0.137909 0.131525 0.133899 0.111312 0.100208 0.071215 Dad
oy
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Fig. 1: Bias, mean squared error and generalized variance of different estimators based on simulation results for

p=150=3,a=T70andk =1
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Fig. 2: Bias, mean squared error and generalized variance of different estimators based on simulation results for

p=150=3,a=70and k=3
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Fig. 3: Histogram, box plot, quantile-quantile and empirical distribution function of Danish fire damage data
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Table 7: Various estimators of ﬂ for & =1.3248 in respect to k

Ead Ecvm Ep Z?wls Els Bmix Eml Emm k
2.793501 0.9999996 0.9999997 1.00002044 0.9999995 3.779443  0.1336535 0.1254932 1
2.793501 1.0000236 1.0000209 0.06839348 1.0000285 3.761079  2.8841202 0.2699722 2
2.793501 1.0000243 1.0000214 1.00002152 1.0000293 3.742452  0.1195378 0.4379768 3
2.793501 1.0000247 1.0000183 0.99999969 1.0000297 3.723491  2.9819105 0.6356001 4
2.793501 1.0000255 1.0000225 1.00002267 1.0000305 3.704073  3.0357152 0.8712122 5

k oo 0=1.3248 ln 0 e slo Soy5ln ok Jsor
Table 8: Different estimators of @ for o =1.3248 respect to k

b\ad acvm ap awls als amix aml amm k

6.32406 0.4112209 0.4274100 0.3614717 0.4120285 0.1910469 0.3219974 0.1910469 1

6.32406 0.4112198 0.4274089 0.3873936 0.4120272 0.1870536 0.2344257 0.1870536 2

6.32406 0.4112194 0.4274086 0.3614712 0.4120268 0.1830430 0.4966554 0.1830430 3

6.32406 0.4112191 0.4274084 0.3614725 0.4120264 0.1790135 0.2247280 0.1790135 4

6.32406 0.4112187 0.4274079 0.3614706 0.4120259 0.1749633 0.2197206 0.1749633 5

k A S (2,55 glodcaw )0 2 Jgo
Table 9: Empirical likelihood function with respect to k
l(gadr ﬁad) l(gcva ﬁcvm) l(apv Bp) l(awlsr Ewls) l(glsr ﬁls) l(amixl Z;'mix) l(amb ﬁml) l(ammr ﬁmm) k
-2183.302 -76.22000 -77.83384 -71.92480 -76.29815 -67.79172 -61.97735 -67.69032 1
-2215.391 -73.54580 -75.15964 -55.36909 -73.62395 -64.68653 -63.55078 -65.28727 2
-2248.454 -71.31221 -72.92605 -67.01706 -71.39036 -62.01014 -50.28831 -63.75286 3
-2282.949 -69.40267 -71.01651 -65.10756 -69.48082 -59.64774 -58.57895 -62.58078 4
-2318.622 -67.75401 -69.36785 -63.45886 -67.83216 -57.53808 -56.50286 -61.31777 5
A
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Table 10: Values of 3

max >~ max " max

kmax — ﬁmax — gmax p
kpm =5 B = 0.8712122 B = 0.1749633 Dm = 3.37657
kmy =3 B = 0.1195378 0, = 0.4966554 P = 3.217375
Femix =5 Brmix = 3.704073 O pix = 0.1749633 Pmix = 4.619323
kis =5 Bis = 1.000031 0,s = 0.4120259 Pis = 2.233271
kewis =2 Buis = 0.06839348 Bis = 0.3873936 Duwis = 4.532246
k,=5 B, = 1.000023 6, = 0.4274079 P, = 2.152901
keym =5 Beom = 1.0000255 0,pm = 0.4112187 Devm = 2.237657
kaa =1 Bag = 2.793501 0,4 = 6.32406 Paa = 0.1423892
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Fig. 4: Histogram, box plot, quantile-quantile and empirical distribution function of Iran Insurance car insurance claim data
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Table 11: Various estimators of g for o =1.372 respect to k

:éad ﬁcvm ﬁp ﬁwls Bls ﬁmix 3ml ﬁmm k
5.000085 49999666  4.9999742 4.999959 4.999990 3.142297 18.353170 0.4316495 1
5.000085 0.1239608 1.5993283 1.780974 2.124528 3.099228 9.098362 1.1095494 2
5.000085 49984942 0.2618328 1.819728 2.150974 3.055664 8.250227 2.3236309 3
5.499902 49984942 1.6521680 5.000005 2.187310 3.008829 7.195901 5.1099639 4
5.499902 5.0000020 1.6891253 4.999372 5.000003 2.960044 7.813507 17.9738177 5

K o s @ =VXVY 6l 0 cilies gl So,61 5 )Y oz
Table 12: Different estimators of @ for & =1.372 with respect to k
éad gcvm 917 gwls gls ém[x éml gmm

4.355500E-07
5.291053E-07
3.680291E-07
3.345015E-07
3.026454E-07

1.376386E-05
1.376386E-05
1.376386E-05
1.376386E-05

4.676806E-07
4.771573E-07
5.825220E-07
4.507850E-07
4.362148E-07

3.957359E-07
4.052705E-07
3.910359E-07
2.941704E-07
2.655536E-07

4.363649E-07
4.327867E-07
4.143691E-07
3.958547E-07
3.025644E-07

3.098155E-07
3.007932E-07
2.917207E-07
2.825896E-07
2.733899E-07

2.796704E-07
5.062374E-07
4.106268E-07 2.917207E-07
4.777218E-07 2.825896E-07
1.541216E-07 07

3.098155E-07
3.007932E-07

G WN =&

A s (255 (gledcan )0 B VY Jous
Table 13: Different estimators of 6 for a=1.372 with respect to k

l(éad' Ead) l(écva Ecvm) l(épl ﬁp) l(éwls' :éwls) l(éls- ﬁls) l(émixr ﬁmix) l(émb Bml) l(émm' Bmm) k
-3369.084 -312.8188  -313.7861  -311.9326  -312.8407  -311.2676 -315.5855 -311.7098 1
-3566.087 -307.9107 -311.0299  -309.2609  -309.8204  -308.7950 -318.8814  -309.4394 2
-3766.795 -308.2520  -305.2523  -307.1960  -307.6209  -306.7795 -313.5469 -306.8922 3
-Inf -306.4316  -307.1504  -305.8656  -305.7868  -305.1112 -316.8777  -305.8934 4
-Inf -304.8807 -305.6489  -304.5234  -304.8793  -303.7345 -308.8130 -324.9688 5
cilizes gla,Sogl s (Al 8anim 5 B Onars Ky 200 1VE Jgax
Table 14: Values of ,BAW, émax’kmax and net premium of different estimators
kmax — ﬁmax — émax ﬁ
Kpm = 4 Brm = 5.109964 Oy, = 2.825896E — 07 Pmm = 2462050
fepy =5 B = 7.813507 8, = 1.541216E — 07 Py = 4639688
kmix =5 Bz = 2.960044 Omix = 2.733899E — 07 Dmiz = 2791065
ks =5 Bis = 5.000003 0,5 = 3.025644E — 07 Dis = 2417798
ks =5 Bus = 4999372 B,1s = 2.655536E — 07 Puis = 2754793
ky,=3 B, = 0.2618328 6, = 5.82522E — 07 Pp = 2233599
keym =5 Bevm = 5.000002 Bopm = 3.026454E — 07 Pevm = 2417151
ke =1 Baq = 5.000085 8,4 = 1.376386E — 05 Pag = 63779.17

w2l ol Ao Ojlus ool a4 Jemly o8 o3l
& el odel T lbses o deosi (hgy & bgye @l
& a5 §=23327e+6 5 @=1372 syl L Jsul
Sl slrosls sl sdal Cansty sleiien ;s pesnSle b,
(p=0375) b S5ln o5
k) oslidlyss slaosls slaws (@ 5 f slajiel )l pogdle
bl Syl k=1,2,..,5 sl 13 cal Jseme 55 o
(Jd Jle anilen 5 0o cussas 355 sy, w0 0 5 B
a ool )b 5,910 09 o s 0oLl 98 slaosls sluus ol
ool calises sla kgl VY 9 )Y Jolas o cilize sla g,
Sk il om0 ot @b i VY o .ol oas

2,095 bdes 4y Comd 9,095 (1l lowi a5 Conl b)) conl
e e a5 85 )0 5,9k | dan@m b (Gl yiaS
ool slawy dxul jo g SuSli g coles jo ¢ Ol
Yo 55lal 4 iges G allie ol 5o el Joame 5 K oolidlyge
@M Ve Jlo jo ol pl da eiile &l slaools )

SIS £ oS e S L

VO woo, YAhoooo, $¥eooe \VDovoo, VEDeowo, Yooooos ,
ASQevoo, EYVoooo, AQeooe, Qoo YYFoooe, YAoooon,
VYo oo, QeYoooo FYDo oo e YYD e, \I¥De oo, \YYFe oo,

AYAe oo, YEounn
oon & bl g e by 4 JB Sl wiles

oy

Archive of SID.ir



Archive of SID.ir

ClIL S i iome 70wy lgle Slexj 5l allie (B ains
JLS il oads Wlis LSy ale 5] g dpio 5 ge IS
L aS s gy B olSiils I (pizma g ailo 1) (o 08y SCis
Alas ol G55 jo swlol 285 g 5 g0l DU yals 4153
NI S-S 5L W IRV IR Y PLwI

olay dlde ol jlaasl 0,50 ;0 a5 W)l o pdlel Bain g

wrﬁ, J_,QL.,.; ‘59)L>‘ u.)LCj.o}c ‘u.:‘):OS}LC -Q)LXS Sg>g égL‘-“
Sdxe Jl.w)‘ 9 )Lw.».s| osls J:.’> a)l.‘lé);}u cAJLQlfT A.AJLG) Q_;}Q‘
Lol oads cole;y By lawgy S g

el 5570 o allie 1yl 220240 (Wlosimyss Culy o5
o5 A8 S il cooliznl 55l>ICreative Commons Attribution 4.0
G889 ) by e (Bl il 50 )01, 1S5 g 395 ¢ ol
lie 59, » (ool lpess 53 4 byie LC joome ay ooy
cpglal jo Olpuss 4eS e )0 ¢S ae jezme sliul 4 I il s
Ol ol e el jo b el 5l Clllas Lo b wlelr jf g alie
(6555 SISl allio Lzl (gl o oS S 5 oloniS joone
51,3 80laiul b g 45550 cdllas ) poe &g 45 Al 00 aseiee
a3 3l (610 s B oo Sl po 4y 3o satingi ¢ 398 597
Creative Commons  MoJlopo 90 baslice jshaiea
9 dxz>lpe 3 Slas 4 Attribution 4.0

http://creativecommons.org/licenses/by/4.0

3 Ssix sbiye 4 4z b any beliiagh &, 8k
ilegs (Bl Byl g oadh piiie slaasds

OA

|y dand> Olgiee S wilon el s s e ol 1, Glisee
Lol 00l VF ooz 50 o] bt 0,5 5560 calizes slo g,
sy, 5l S slp b oSl 3lie VF Jguz o
Oeizeed g ol b bl B g B sla el )b o551 ol pen 4 051
ol o @) A fem 3>

b ol e )3 Jilas p s 5 (Ko (Al Bog> 3550
ol | o> Al sl sl Olgiee Sl 4 4z g
ool 0550 5 dand> drnlne gl (nl Shol Bam o5
S9zy 4 azrgi b el ilidie slats) 5l osliiwl b Jomls & 595
soslo b agzlas j0 1) Jomly aujer a5 conl g3V coolisl g0 dols
@ Jsnly @ish lo eyl loml doxtl )0 coups (55l oolidly g0
A dglie S0 b gl LT 5 000 0sUsS sleb,
il g leica;s penSle laSo 5l IS jsbay oS
bl o5 Bged e Gl (pledcm)d peraSle g (5 gleas
Syl S5 Lgei o2 6lp 5wy SLI alisee sla il )y
2l b awlie o gy o8les S pgs slaply on S
4 S 5555 a3 e ol 5eSls a5 el )55
1A 0g SIS el slayialyb slilas g o4ls 5 6l plu
o Sl 9 IS 5 0yl A dene (elol Gl
dos sloools 51 Jlie g0 (a8ly Jlas ;o b Fo 5l ol Counss
Olrl Ao S5 18 (69,395 Ao 9 Sleils (gipmisT Ot
L oagzlse 5o Jswls @s sloymebl opsln oo 5 Sl
A 0,9l allB Ao g oolidly g slaosls

5 Sogleer by Slllhs s slaes ol eualy!

TR .Lg)LJ J.J;u osls JUOwE: Ryt J.,.l;ujdqjyu ool as|
ool pends o Judodgdy 3o (g ka8 Cllas g 0wyl :‘53@93 &b
s o 9 D)5 g (6 kel o ooty et g o9y

Archive of SID.ir


http://creativecommons.org/licenses/by/4.0/

Archive of SID.ir

Abubakar, H.; Muhammad Sabri, S.R., (2021). A
simulation study on modified Weibull distribution
for modelling of investment return. J. Sci. Technol.,
29(4): 2767-2790 (24 Pages).

Alyami, S.A.; Elbatal, I.; Alotaibi, N.; Almetwally, E.M.;
Okasha, H.M.; Elgarhy, M., (2022). Topp-Leone
modified Weibull model: Theory and applications to
medical and engineering data. J. Appl. Sci., 12(20).

Anderson, TW.; Darling, D.A., (1954). A test of goodness-of-
fit. J. Am. Stat. Assoc., 49(268): 765-769 (5 Pages).

Anscombe, F.J., (1960). Rejection of outliers. J.
Technometrics., 2(2): 123-147 (25 Pages).

Barnett, V.; Lewis, T., (1984). Outliers in statistical data.
J. Biom., 30(7): 866-867 (2 Pages).

Chaturvedi, A.; Pati, M.; Tomer, S.K., (2014). Robust
bayesian analysis of Weibull failure model. J.
Metron., 72: 77-95 (19 Pages).

Dixit, U.J., (1987). Characterization of the Gamma
distribution in the presence of K outliers., 4: 54-59
(6 Pages).

Dixit, U.J., (1989). Estimation of parameters of the
Gamma distribution in the presence of outliers.,
18(8): 3071-3085 (15 Pages).

Dixit, U.J.; Jabbari Nooghabi, M., (2011). Efficient
estimation of the parameters of the Pareto
distribution in the presence of outliers. J. Commun.
Stat. Appl. Methods., 18(6): 817-835 (19 Pages).

Fang, L.; Barmalzan, G.; Ling, J., (2016). Dispersive order
of lifetimes of series systems in multiple-outlier
Weibull models. J. Syst. Sci. Complexity., 29(6):
1693-1702 (10 Pages).

Gupta, P.K.; Singh, A.K., (2017). Classical and bayesian
estimation of Weibull distribution in the presence
of outliers. ., 4(1): 1-9 (9 Pages).

Hawkins, D.M., (1980). Identification of outliers.

Johnson, N.L.; Kotz, S.; Balakrishnan, N.,
Continuous univariate distribution., 2.

Kale, B.K.; Sinha, S.K., (1971). Estimation of expected
life in the presence of an outlier observation. J.
Technometrics., 13(4): 755-759 (5 Pages).

(1995).

AR

Kao, J.H.K., (1958). Computer methods for estimating
Weibull parameters in reliability studies., 13: 15-22
(8 Pages).

Kao, J.H.K., (1959). A graphical estimation of mixed
Weibull parameters in life testing electron tube. J.
Technometrics., 1(4): 389-407 (19 Pages).

Kendal, M.G.; Buckland, W.R., (1957). A dictionary of
statistical terms.

Lieblein, J.; Zelen, M., (1956). Statistical investigation of
the fatigue life of deep groove ball bearings. J. Res.
Natl. Bur. Stand., 57(5): 273-316 (44 Pages).

Liu, X.; Ahmad, Z.; Gemeay, A.M.; Abdulrahman, AT,;
Hafez, E.H.; Khalil, N., (2021). Modeling the survival
times of the COVID-19 patients with anew statistical
model: A case study from China., 16(7).

Pettit, L., (1988). Bayes methods for outliers in
exponential samples. J. R. Stat. Soc., 50(3): 371-380
(10 Pages).

Pettitt, A.N., (1976). A two-sample Anderson-Darling
rank statistic. J. Biom., 63(1): 161-168 (8 Pages).
Read, R.R., (1981). Representation of certain covariance
matrices with application to asymptotic efficiency. J.

Am. Stat. Assoc., 76(373): 148-154 (7 Pages).

Sindhu, T.N.; Atangana, A., (2021). Reliability analysis
incorporating  exponentiated inverse  Weibull
distribution and inverse power law. J. Qual. Reliab.
Eng. Int., 37(6): 2399-2422 (24 Pages).

Singh, B.; Rathi, S.; Kumar, S., (2013). Inferential statistics
on the dynamic system model with time-dependent
failure-rate. J. Stat. Comput. Simul., 83(1): 1-24 (24
Pages).

Stephens, M.A., (1974). EDF statistics for goodness of fit
and some comparisons. J. Am. Stat. Assoc., 69(347):
730-737 (8 Pages).

Strzelecki, P., (2021). Determination of fatigue life for low
probability of failure for different stress levels using
3-parameter Weibull distribution. J. Fatigue., 145.

Weibull, W., (1951). A statistical distribution function of
wide applicability. J. Appl. Mech.

Young, V.R., (2006). Premium principles in encyclopedia
of actuarial science.

Archive of SID.ir


https://doi.org/10.47836/pjst.29.4.29
https://doi.org/10.47836/pjst.29.4.29
https://doi.org/10.47836/pjst.29.4.29
https://doi.org/10.47836/pjst.29.4.29
https://doi.org/10.3390/app122010431
https://doi.org/10.3390/app122010431
https://doi.org/10.3390/app122010431
https://doi.org/10.3390/app122010431
https://www.jstor.org/stable/2281537
https://www.jstor.org/stable/2281537
https://www.jstor.org/stable/1266540
https://www.jstor.org/stable/1266540
https://onlinelibrary.wiley.com/doi/10.1002/bimj.4710300725
https://onlinelibrary.wiley.com/doi/10.1002/bimj.4710300725
https://doi.org/10.1007/s40300-013-0027-7
https://doi.org/10.1007/s40300-013-0027-7
https://doi.org/10.1007/s40300-013-0027-7
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Characterization+of+the+gamma+distribution+in+the+presence+of+k+outliers&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Characterization+of+the+gamma+distribution+in+the+presence+of+k+outliers&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Characterization+of+the+gamma+distribution+in+the+presence+of+k+outliers&btnG=
https://www.tandfonline.com/doi/abs/10.1080/03610928908830078
https://www.tandfonline.com/doi/abs/10.1080/03610928908830078
https://www.tandfonline.com/doi/abs/10.1080/03610928908830078
https://citeseerx.ist.psu.edu/document?repid=rep1&type=pdf&doi=59114a6efe5ac6928233102db62800c785151b5a
https://citeseerx.ist.psu.edu/document?repid=rep1&type=pdf&doi=59114a6efe5ac6928233102db62800c785151b5a
https://citeseerx.ist.psu.edu/document?repid=rep1&type=pdf&doi=59114a6efe5ac6928233102db62800c785151b5a
https://citeseerx.ist.psu.edu/document?repid=rep1&type=pdf&doi=59114a6efe5ac6928233102db62800c785151b5a
https://doi.org/10.1007/s11424-016-5068-6
https://doi.org/10.1007/s11424-016-5068-6
https://doi.org/10.1007/s11424-016-5068-6
https://doi.org/10.1007/s11424-016-5068-6
https://www.tandfonline.com/doi/full/10.1080/23311835.2017.1300975
https://www.tandfonline.com/doi/full/10.1080/23311835.2017.1300975
https://www.tandfonline.com/doi/full/10.1080/23311835.2017.1300975
https://link.springer.com/book/10.1007/978-94-015-3994-4
https://www.wiley.com/en-us/Continuous+Univariate+Distributions%2C+Volume+2%2C+2nd+Edition-p-9780471584940
https://www.wiley.com/en-us/Continuous+Univariate+Distributions%2C+Volume+2%2C+2nd+Edition-p-9780471584940
https://www.tandfonline.com/doi/abs/10.1080/00401706.1971.10488847
https://www.tandfonline.com/doi/abs/10.1080/00401706.1971.10488847
https://www.tandfonline.com/doi/abs/10.1080/00401706.1971.10488847
https://ieeexplore.ieee.org/document/5007164
https://ieeexplore.ieee.org/document/5007164
https://ieeexplore.ieee.org/document/5007164
https://www.tandfonline.com/doi/abs/10.1080/00401706.1959.10489870
https://www.tandfonline.com/doi/abs/10.1080/00401706.1959.10489870
https://www.tandfonline.com/doi/abs/10.1080/00401706.1959.10489870
https://www.google.com/books/edition/_/zNc5AAAAMAAJ?hl=en
https://www.google.com/books/edition/_/zNc5AAAAMAAJ?hl=en
http://dx.doi.org/10.6028/jres.057.033
http://dx.doi.org/10.6028/jres.057.033
http://dx.doi.org/10.6028/jres.057.033
https://doi.org/10.1371/journal.pone.0254999
https://doi.org/10.1371/journal.pone.0254999
https://doi.org/10.1371/journal.pone.0254999
https://doi.org/10.1371/journal.pone.0254999
https://rss.onlinelibrary.wiley.com/doi/10.1111/j.2517-6161.1988.tb01734.x
https://rss.onlinelibrary.wiley.com/doi/10.1111/j.2517-6161.1988.tb01734.x
https://rss.onlinelibrary.wiley.com/doi/10.1111/j.2517-6161.1988.tb01734.x
https://www.jstor.org/stable/2335097
https://www.jstor.org/stable/2335097
https://www.tandfonline.com/doi/abs/10.1080/01621459.1981.10477621
https://www.tandfonline.com/doi/abs/10.1080/01621459.1981.10477621
https://www.tandfonline.com/doi/abs/10.1080/01621459.1981.10477621
https://onlinelibrary.wiley.com/doi/10.1002/qre.2864
https://onlinelibrary.wiley.com/doi/10.1002/qre.2864
https://onlinelibrary.wiley.com/doi/10.1002/qre.2864
https://onlinelibrary.wiley.com/doi/10.1002/qre.2864
https://www.tandfonline.com/doi/abs/10.1080/00949655.2011.599327
https://www.tandfonline.com/doi/abs/10.1080/00949655.2011.599327
https://www.tandfonline.com/doi/abs/10.1080/00949655.2011.599327
https://www.tandfonline.com/doi/abs/10.1080/00949655.2011.599327
https://www.tandfonline.com/doi/abs/10.1080/01621459.1974.10480196
https://www.tandfonline.com/doi/abs/10.1080/01621459.1974.10480196
https://www.tandfonline.com/doi/abs/10.1080/01621459.1974.10480196
https://www.sciencedirect.com/science/article/abs/pii/S0142112320306125?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0142112320306125?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0142112320306125?via%3Dihub
http://web.cecs.pdx.edu/cgshirl/Documents/Weibull-ASME-Paper-1951.pdf
http://web.cecs.pdx.edu/cgshirl/Documents/Weibull-ASME-Paper-1951.pdf
https://onlinelibrary.wiley.com/doi/abs/10.1002/9780470012505.tap027
https://onlinelibrary.wiley.com/doi/abs/10.1002/9780470012505.tap027

Archive of SID.ir

S8 532 G0 9 (ol e ]

Ol e e cugd 3 oSl 0l pole 0aSCails oLl 05,3 Lol (2SS (sozetils ¢ il pemw oud! ol

= Email: sohrabi.ebrahim@mail.um.ac.ir
= ORCID: 0009-0000-9737-0021
= Homepage: https://statistics.um.ac.ir/index.php/fa/

Ol e e cugd 3 oSl ¢ ool ) pole 0uSitils ¢ Lol 0g 3 jLoils ¢ 2B (5 ba (G40

= Email: jabbarinm@um.ac.ir
= ORCID: 0000-0002-5636-2209
= Homepage: https://mathstat.um.ac.ir/index.php/fa/

HOW TO CITE THIS ARTICLE

Sohrabi, E.; Jabbari Nooghabi, M., (2024). Estimation of the parameters of Weibull distribution and net
premium in the presence of outliers. Iran. J. Insur. Res., 13(1): 43-60.

DOI: 10.22056/ijir.2024.01.04
URL: https://ijirirc.ac.ir/article_160310.htmI?lang=en

Archive of SID.ir


https://ijir.irc.ac.ir/article_160310.html?lang=en
https://ijir.irc.ac.ir/article_160310.html?lang=en
https://ijir.irc.ac.ir/article_160310.html?lang=en
mailto:sohrabi.ebrahim%40mail.um.ac.ir?subject=
https://orcid.org/0009-0000-9737-0021
https://statistics.um.ac.ir/index.php/fa/ 
mailto:jabbarinm%40um.ac.ir?subject=
https://orcid.org/0000-0002-5636-2209
https://mathstat.um.ac.ir/index.php/fa/

