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15%. 1. 4.
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cx =40 i = 3 8
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Table 3 Annual premium and its composition of unitized participating life insurance with respect to x
x P, P, P P,
40 808. 496 1 327. 66 1 136. 151 23.18 1 159. 328 1.48 1 160. 805
45 811.830 7 326. 69 1 138.526 25.07 1 163.592 0.25 1 163. 841
50 817. 083 326. 98 1 144. 059 28.12 1172.18 0.00 1172.18
55 827.286 5 324.30 1 151.591 33.34 1 184.935 0.00 1 184.935
60 848.439 3 322.46 1 170. 898 44.43 1 215.331 0. 00 1 215.331
3 8 . 1.35%
5.37% 0. 10%
. 0.22%.
5
4
.
75%
33.12% 50.03%.
35.32% 61.78%
( 10% ) 2.0%
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Table 4 Annual premium and its composition of unitized participating life insurance with respect to r
(%) P, P, Py P,
2.0 902. 67 1 221. 508 1 237.951 1239.139 318. 84 16. 44 1.19
2.5 878.208 9 1199.98 1217.81 1218.917 321.77 17. 83 1. 11
3.0 854.368 1 1 177. 206 1 196. 574 1197.537 322.84 19. 37 0.96
3.5 831.134 7 1 156. 853 1 178.226 1179.89 325.72 21.37 1. 66
4.0 808. 496 1 1 136. 825 1 159. 985 1 161. 546 328.33 23. 16 1. 56
4.5 786.439 7 1 116.733 1 142. 056 1 143. 482 330.29 25.32 1.43
5.0 764.953 1 1 097. 295 1124.417 1 126. 281 332.34 27.12 1. 86
5.5 744.024 1 1 078.783 1 107. 853 1 109. 505 334.76 29.07 1. 65
6.0 723. 640 4 1 060. 524 1092.174 1 093. 655 336. 88 31. 65 1.48
6.5 703.790 3 1 043. 461 1 076.775 1 078. 883 339.67 33.31 2.11
7.0 684.461 7 1 026. 737 1 062. 452 1064.414 342.28 35.71 1.96
7.5 665. 643 2 1 010. 531 1 048. 683 1 050. 34 344. 89 38. 15 1. 66
8.0 647.323 994.770 7 1 035.522 1037.113 347.45 40.75 1.59
8.5 629. 49 979.578 5 1 022. 356 1.024.57 350. 09 42.78 2.21
9.0 612.132 8 964. 880 4 1010. 13 1 011. 805 352.75 45.25 1.68
9.5 595.240 5 950. 081 3 997. 876 8 999. 888 6 354. 84 47. 80 2.01
10.0 578. 802 2 936.384 2 986. 697 4 988.839 4 357.58 50. 31 2.14
5 i )
Table 5 Annual premium and its composition of unitized participating life insurance with respect to i
i( %) Py P, Py I
0.0 808. 496 1 1 076. 31 1 097. 247 1 099. 802 267. 81 20. 94 2.55
0.5 808. 496 1 1 087. 249 1 109. 046 1111.482 278.75 21. 80 2.44
1.0 808.496 1 1 098. 134 1 120. 066 1 122.078 289. 64 21.93 2.01
1.5 808. 496 1 1 109. 368 1131.922 1 133.912 300. 87 22.55 1.99
2.0 808.496 1 1122.572 1 145. 685 1 146. 802 314. 08 23.11 1.12
2.5 808. 496 1 1 136.522 1 159. 442 1161.15 328.03 22.92 1.71
3.0 808. 496 1 1 149.711 1173.277 1 174.452 341.21 23.57 1.17
3.5 808. 496 1 1 165. 169 1189.18 1 190. 525 356. 67 24.01 1.34
4.0 808. 496 1 1 180. 09 1 204. 271 1205. 121 371.59 24.18 0.85
4.5 808. 496 1 1 195.928 1 220. 906 1 221. 408 387.43 24.98 0.50
5.0 808.496 1 1212.981 1238.197 1 239.078 404. 49 25.22 0. 88
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6 C»n )
Table 6 Annual premium and its composition of unitized participating life insurance with respect to 5
n( %) Py P, Py b,
20 808. 496 1 930.719 8 955.497 4 955.497 4 122.22 24.78 0.00
30 808. 496 1 961.243 1 986. 276 4 986. 276 4 152.75 25.03 0.00
40 808. 496 1 996. 030 2 1 021. 141 1 021. 141 187.53 25.11 0.00
50 808. 496 1 1033.23 1 058. 137 1 058. 137 224.73 24.91 0.00
60 808. 496 1 1 073. 243 1 097.721 1.097.721 264.75 24. 48 0.00
70 808. 496 1 1 114.942 1 138.569 1139.914 306. 45 23.63 1.35
80 808. 496 1 1 157.558 1179.908 1182.179 349. 06 22.35 2.27
90 808. 496 1 1 204. 076 1225.174 1228.02 395.58 21.10 2.85
100 808. 496 1 1 252. 464 1 272. 166 1 276.229 443.97 19.70 4.06
6
- M
15%
7
0.
0
8
40%
7 (B
Table 7 Annual premium and its composition of unitized participating life insurance with respect to 8
B( %) Py P, Py Py

20 808. 496 1 1136.22 1136.22 1136.22 327.72 0.00 0.00
30 808. 496 1 1 135.676 1 135. 676 1 135.676 327.18 0.00 0.00
40 808. 496 1 1 136. 547 1 136. 547 1 137.025 328.05 0.00 0.48
50 808. 496 1 1136. 162 1 159. 503 1 161. 037 327.67 23.34 1.53
60 808. 496 1 1 136. 447 1 184.323 1184.924 327.95 47.88 0. 60
70 808. 496 1 1 136. 189 1 207.74 1 208. 728 327. 69 71.55 0.99
80 808. 496 1 1 136.293 1233.59 1234.115 327.80 97.30 0.53
90 808. 496 1 1 136. 429 1257.781 1 258. 255 327.93 121.35 0.47
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Table 8  Annual premium and its composition of unitized participating life insurance with respect to o
a( %) Py Py Py Py

808. 496 1 984.37 1 043. 966 1 042.492 175. 87 59. 60 0.00

10 808. 496 1 1 056. 848 1 101.58 1 100. 225 248.35 44.73 0. 00

15 808. 496 1 1 136. 489 1 159. 686 1 161. 004 327.99 23.20 1.32

20 808. 496 1 1 221.239 1221.239 1227.791 412.74 0.00 6.55

25 808. 496 1 1 314. 004 1 314. 004 1325.137 505.51 0.00 11.13

30 808. 496 1 1 415.381 1 415. 381 1432.113 606. 88 0.00 16.73

35 808. 496 1 1519. 888 1519. 888 1 542. 056 711.39 0.00 22.17

40 808. 496 1 1 640.59 1 640. 59 1 671.013 832.09 0.00 30. 42

45 808. 496 1 1 764.303 1 764. 303 1.797. 054 955. 81 0.00 32.75

50 808. 496 1 1 906. 063 1 906. 063 1 943.521 1 097.57 0.00 37. 46
9

9 ( )
Table 9 Annual premium and its composition of unitized participating life insurance with respect to mortality rate
(%) Py Py Py Py

0 797.246 7 1124.2111 | 1161.9004 | 1163.549 8 326.96 37.69 1.65

-20 803.350 9 1129.4093 | 1170.4058 | 1171.802 4 326. 06 41.00 1.40

-10 804. 115 4 1130.0606 | 1171.4657 | 1172.8265 325.95 41.41 1.36

100 804. 880 3 1130.7122 | 1172.5248 | 1173.8437 325.83 41. 81 1.32

+10 805.645 5 1131.3641 | 1173.5833 | 1174.8949 325.72 42.22 1.31

+20 806.411 0 1132.0164 | 1174.6410 | 1175.9118 325.61 42.62 1.27

“0” “100” 4 (2000—2003) »
() +10%( +20%) 10%( 20%) .

( TASB)
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Fair pricing guaranteed unitized participating life insurance with annual pre-
mium and surrender option

ZHENG Hai+ao QIN Zhongfeng LUO Qiyao REN Ruo-en BAI Man-ying
School of Economics and Management Beihang University Beijing 100191  China

Abstract: This paper analyzes a unitized participating life insurance endowment policy paid by annual premi—
ums in which a minimum return an annual bonus and a terminal bonus are guaranteed to the policyholder.

Moreover the policy under scrutiny is characterized by the presence of a surrender option. Compared with oth—
er participating life insurance policies the most important feature of this policy is the terminal bonus option.

However current researches on pricing of this policy rarely considered the terminal bonus option together with
the other embedded options. The aim of the paper is to give sufficient conditions under which there exists a fair
premium and the pricing of terminal bonus option is also well considered. This premium is implicitly defined
by an equation based on the classical actuarial pricing technique and contingent claim pricing theory. An itera—
tive algorithm based on Monte Carlo simulation method is then implemented in order to compute it. Based on
this valuation approach the paper also provided both theoretical and numerical analysis of the effect that mor—
tality rate guarantees annual bonus terminal bonus and surrender have on the value of terminal bonus op-
tion. The findings are as follows: Firstly a terminal bonus option has a higher value than a surrender option
and the terminal bonus decreases the incentive to surrender. Secondly the value of terminal bonus option
tends to go up along with any increase in mortality rate minimum guaranteed interest rate or terminal bonus
ratio and any decrease in risk free rate or volatility would also cause the value of terminal bonus option to in—
crease.

Key words: unitized participating life insurance; terminal bonus option; surrender option; mortality rate; an—

nual premium



