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Abstract

This paper considers the derivative-based optimal investment strategies for an asset-liability man-
agement (ALM) problem under the mean-variance criterion in the presence of stochastic volatility.
Specifically, an asset-liability manager is allowed to invest not only in a risk-free bond and a stock,
but also in a derivative, whose price depends on the underlying price of the stock and its volatil-
ity. By solving a system of two backward stochastic differential equations, we derive the explicit
expressions of the efficient strategies and the corresponding efficient frontiers in two cases, with
and without the derivative asset. Moreover, we consider the special case of an optimal investment
problem with no liability commitment, which is also not studied in the literature. We also provide
some numerical examples to illustrate our results and find that the efficient frontier of the case with
the derivative is always better than that of the case without the derivative. Moreover, under the
same variance, the expectation of the case with the derivative can reach up to as twice as that of
the case without the derivative in some situations.
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1. Introduction

Asset-liability management (ALM) is one of the classic problems in the field of financial risk
management. Typically, ALM involves the management of assets in such a way as to earn adequate
return while maintaining a comfortable surplus of assets over existing and future liabilities. This
problem is faced by a wide range of financial institutions, such as pension funds and insurance
companies. Pre-commitment strategy of the mean-variance ALM problem has recently been studied
widely. These studies consider an optimization problem of selecting an optimal portfolio that can
yield sufficient return (by maximizing the expectation of the terminal surplus) in compensating
the company’s liability while minimizing risk measured by the variance of the terminal surplus, in
which the underlying surplus is considered to be equal to the difference of liability from the asset.
Leippold et al. (2004) considered a multi-period ALM problem under the mean-variance criterion,
and derived explicit expressions for the optimal strategy and efficient frontier. By employing
the stochastic linear-quadratic control theory, Chiu and Li (2006) investigated a continuous-time
ALM problem under the mean-variance criterion and with the assumption that the risky assets’
prices and the liability value were both governed by geometric Brownian motions. Xie et al.
(2008) described the liability by a Brownian motion with a drift. Chen et al. (2008) and Chen
and Yang (2011) extended the works of Chiu and Li (2006) and Leippold et al. (2004) to
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