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Abstract

Equity-linked annuities are insurance products whose values are linked with some index
or a portfolio. These products provide participation in the market with security against
downside movement of the market. They have evolved as a perfect investment option

over the years.

Equity-linked annuities can be divided into variable annuities and equity-indexed annu-
ities. The difference between these two is that variable annuities enable the policyholder
to own an investment in the market whereas in equity-indexed annuities returns are
credited to the policyholder’s account based on the performance of an underlying index
such as S&P 500. Additionally, equity-indexed annuities are moderate risk products,
whereas variable annuities are high in risk. The equity-indexed annuities are avail-
able in different designs based on their indexing method. A few popular designs of
equity-indexed annuities include a point-to-point design and an annual reset design.
In a point-to-point design, returns are credited based on the growth between two fixed
points whereas, in annual reset design, any gains in a year are credited to policyholders
account and are locked in. Similarly, variable annuities come with a living or death
benefit rider where living benefit riders provide a guaranteed benefit amount after sur-
viving maturity, and death benefit rider provides a guaranteed benefit amount to the
nominee at the instance of death of the policyholder. The living guarantees are similar

to pension plans with participation in the market.

This thesis addresses the pricing problem of variable annuities and equity-indexed an-
nuities. This thesis proposes various stochastic models for the pricing of these annuities.
The pricing problem of equity-linked annuities majorly involves three types of risks: in-
vestment risk, interest rate risk and mortality risk. The equity returns involves various
features such as volatility clustering, leverage effect, high kurtosis, etc.. We propose
an asymmetric GARCH model to capture these features and develop a pricing model

for variable annuities.

During the 2007-08 crisis, many of the variable annuity products became popular and
valuable. The drop in the market prices resulted in loss to many of the insurers who
were unable to fulfil the living guarantees. One of the reasons for losses was the in-
accurate pricing of the variable annuity products. Therefore, this thesis proposes a
jump-diffusion model with generalized jump distributions to price living guarantees.

Besides, we model the mortality risk by a Gompertz model, and we model the interest
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rate by Vasicek model. Further, we model some of the additional benefits available to
the policyholder, such as surrender option and roll-up option. We use mixed fractional
Brownian motion model with jumps to capture the long-range dependency in returns.
Additionally, we utilize variations of the popular Lee-Carter model for mortality mod-

elling.

From the literature, it is evident that it is not the initial jump which results in the
downturn in the market; it is the amplification of these jumps over time. Therefore, in
the end, this thesis proposes a Hawkes jump-diffusion model for the valuation of equity-
indexed annuities. Due to the large duration of these products, we model interest rate
risk using a Vasicek model. Hawkes jump-diffusion models can capture the phenomena

of jump clustering and hence can provide fair pricing of equity-indexed annuities.
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