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Abstract

Variable annuities with minimum guaranteed benefits are the best supplements to pension sys-
tem among the current commercial annuities. This study builds a new guaranteed rider to fit the
severe inflation by integrating the previous guaranteed minimum benefits. This paper adds the
surrender option and the guaranteed minimum maturity benefit to the guaranteed minimum
withdrawal benefit, as well as using the numéraire approach to price the fair premium by studying
the potential loss of insurance company under the no-arbitrage hypothesis, with stochastic mor-
tality and interest rate assumptions. Use Monte Carlo method to simulate and sensitivity analyze
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the potential loss of insurance company and fair rate and discuss the risk that insurance company
may face with surrender option. The numerical results are consistent and efficient.
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Figure 1. Cash flow of annuity account with combined GMWB
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Table 1. Simulation results when x = 45, 55 of contract A and contract B containing surrender right with « = 5%

=1 AHAMEIRRNGER v=5%HEY B 7E x = 45 #1 55 BTHIRIILE R

X 4, o, c, E(L) max(Ly)  med(Ly) CTEg (L) VaRy, (L))
5% 25% 0.5331% =272.177 15452.07 —604.126 8679.902 7153.38
45 7% 30% 0.6299% —420.824 17481.31 —722.576 10546.53 8757.909
9% 35% 0.7422% —727.158 19587.45 —909.539 12260.3 10210.61
5% 25% 0.5398% —276.438 15283.58 -613.197 8625.103 7196.884
55 7% 30% 0.6439% —536.802 18402.59 —820.014 10334.17 8766.997
9% 35% 0.7602% —847.138 22884.55 —1169.93 12421.43 10304.73
X 2, o, Cs E(L5) max(Ls)  med(L5) CTEg, (L) VaRy, (L)
5% 25% 0.5319% —365.828 12577.96 —693.186 8074.792 6735.768
45 7% 30% 0.6350% —477.545 16536.26 —821.632 10150.45 8399.812
9% 35% 0.7426% —737.603 18057.38 -905.1 11239.53 9343.967
5% 25% 0.5408% —292.835 13631.87 —596.578 7658.056 6380.13
55 7% 30% 0.6381% —555.973 15761.58 —879.907 9432.964 7972.609
9% 35% 0.7436% —701.515 18108.42 -941.877 11259.3 9480.515

Table 2. Simulation results when x = 45 of contract B containing surrender right with « = 5%, 10%
=2 SIBRANEEMA L B 7E x =45, x = 5%F1 10%AFAIHEILE R

K 1 o, Gy E(L;)  max(Ly) med(L5) CTE (L) VaRy,(L5)
5% 25% 0.5319% —365.828 12577.96  —693.186  8074.792 6735.768
5% 7% 30% 0.6350% —477.545 16536.26  —821.632 10150.45 8399.812
9% 35% 0.7426% —737.603 18057.38 —905.1 11239.53 9343.967
5% 25% 0.5286% —270.103 13273.14 —586.444 8399.608 6890.684
10% 7% 30% 0.6363% —498.044 16188.01  —802.775 9829.089 8074.441
9% 35% 0.7383% —783.055 18843.28 —1035.56 11778.09 9747.481
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