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 Foreword
 It is a long-established truth that the stability of financial institutions depends crucially on the matching of assets and liabilities. However, there has been great invention in recent decades by financial markets seeking to meet the needs of both wholesale and retail consumers. As a result, today, the agility and dynamics of both assets and liabilities challenge the ALM skills of every institution. The complexity of the issues is further complicated by the greater range and speed of market movements and the increasing sophistication of consumers. Good ALM creates real, competitive advantage. Naïve or clumsy ALM can and does lead to disaster.
 This book is therefore ideally timed. It collects together some of the best thinkers working in ALM currently, mixing leading edge academic work with practitioner insights. The focus by industry sector allows experts to enjoy comparing best practice in their own sectors with the frontiers of knowledge in allied disciplines. It also makes a valuable additional resource for trainee actuaries. For those less familiar with the subject, the format gives an appreciation of the range of innovation that ALM is driving across the financial sector.
 As events in the past three years have proved, financial instability creates fundamental stresses for governments, society and individuals. Financial risk managers bear a heavy responsibility to ensure strong institutions. This must be based on clear understanding and effective management of the interaction of assets and liabilities. This book makes an important contribution to that understanding and management.
 NIGEL MASTERS
 Immediate Past PresidentInstitute and Faculty of Actuaries
 January 2011
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 Con Keating is Head of Research at BrightonRock Group, UK. Con, a chemist and economist by training, is perhaps best known for his quan-titative work in investment performance measurement and forecasting with techniques such as the Omega function and metrics. He has also been involved with pensions as a fund manager and trustee since the early 1970s, when he managed the NATO provident fund. His profes-sional career has included periods as an analyst with INA on P&C and large risk insurance, and subsequently with CIGNA in life, pensions and health care. He chaired the European Federation of Financial Analysts Societies’ committee on methods and measures from 1994 to 2001. He is a member of the steering committees of the Finance Research Institute and the Financial Econometrics Research Centre, University of Warwick, and a member of the Société Universitaire Européene de Recherche en Finance and of the American Finance Association. He was also an advisor to the World Bank and to the OECD’s working party on private pensions.
 Woo Chang Kim is an assistant professor in the Industrial and System Engineering Department, Korea Advanced Institute of Science and Technology (KAIST), Daejeon, Korea. He received his PhD from Princeton University in operations research and financial engineering.
 Ralf Korn is Professor of Financial Mathematics, University of Kaiserslautern. He also heads the Financial Mathematics group at the Fraunhofer Institute for Industrial Mathematics ITWM, Kaiserslautern, which collaborates in numerous projects with the finance and insur-ance industries. He has written five books (the most recent one on Monte Carlo Methods and Models in Finance and Insurance, Chapman & Hall/ CRC, 2010) and has published over 50 articles in refereed journals.
 Roy Kouwenberg is chair of the PhD program at Mahidol University College of Management and a visiting faculty member in the Finance Department at Erasmus University, Rotterdam. Earlier he worked as a postdoctoral fellow at the University of British Columbia and as a quan-titative analyst at AEGON Asset Management. Kouwenberg holds a PhD in finance from Erasmus University and is a CFA charter holder. His research on investment and financial risk management has been pub-lished in the Review of Economics and Statistics and the Journal of Banking and Finance, among other journals.
 Cormac Lucas is Senior Lecturer in the Centre for the Analysis of Risk and Optimisation Modelling Applications (CARISMA), Brunel University, London, and a director of OptiRisk Systems. He has researched optimization in relation to scheduling applications and
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 finance. He has published in journals such as Operational Research, Quantitative Finance and IMA and has worked on a number of large industrial projects, such as those of the US Coast Guard and UBS, as well as research council grants. Currently, he is involved in PhD research projects on metaheuristics for portfolio planning and supply-chain planning optimization.
 Alfred Ka Chun Ma is an assistant professor in the Department of Finance, Chinese University of Hong Kong. He obtained his PhD from the Industrial Engineering and Operations Research Department, Columbia University, and his BSc and MPhil in mathematics from the Chinese University of Hong Kong. He has worked at Goldman Sachs in New York as a summer associate and is an associate of the Society of Actuaries.
 Yi Ma is a PhD student in the Department of Operations Research and Financial Engineering, Princeton University. Her current research interests include stochastic volatility models and asset allocation. She received her BE and MS in electrical engineering from Tsinghua University, Beijing.
 Lionel Martellini is Professor of Finance at EDHEC Business School, Nice, France and the scientific director of the EDHEC-Risk Institute. He holds graduate degrees in economics, statistics and mathematics, as well as a PhD in finance from the University of California, Berkeley. Lionel is a member of the editorial board of the Journal of Portfolio Management and the Journal of Alternative Investments. An expert in quantitative asset management and derivatives valuation, Lionel has published widely in academic and practitioner journals and has co-authored textbooks on alternative investment strategies and fixed-income securities.
 Elena Medova is a senior research associate at the Judge Business School, University of Cambridge. Her research focuses on stochastic optimiza-tion techniques for dynamic systems, in particular for long-term asset liability management, and credit, market and operational risk integration and capital allocation. She has published extensively in leading journals, including RISK, Quantitative Finance, the Journal of Banking and Finance, the Journal of Portfolio Management and the British Actuarial Journal. Medova has managed industry-sponsored projects, advised governments, and trained professional risk managers globally and is managing director of Cambridge Systems Associates Ltd, a financial analytics consult ancy specializing in optimal risk managed investment strategies.
 Vincent Milhau holds master’s degrees in statistics from ENSAE, Paris (France), and financial mathematics from Université Paris VII, as well as
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 a PhD in finance from Université de Nice – Sophia-Antipolis. He is cur-rently a senior research engineer at EDHEC-Risk Institute. His research focus is on dynamic asset allocation, portfolio choice over long hori-zons, and asset-liability management.
 John M. Mulvey is Professor of Operations Research and Financial Engineering and a founding member of the Bendheim Center for Finance, Princeton University. His specialty is large-scale optimization, with applications to strategic financial planning. He has implemented asset liability management systems for many companies. His current research looks at the role of alternative investments for institutional investors, with an emphasis on approaches for optimizing perform-ance and protecting investor wealth over time. He has invented a systematic approach to investing, called dynamic portfolio tactics, emphasizing flexibility and responsiveness, especially during periods of high turbulence.
 Kalina Natcheva-Acar graduated with a BBA from Sofia University, with a major in management information systems. She continued her educa-tion with an MSc and PhD in financial mathematics at the Technical University of Kaiserslautern. Since 2002, she has worked as an associ-ate Researcher at Fraunhofer ITWM. Her area of scientific interest is the enhancement of numerical methods for stochastic differential equations, credit risk, and interest rate and equity models.
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 Frank Sortino is Emeritus Finance Professor at San Francisco State University and director of the Pension Research Institute, which he founded in 1981. For ten years he wrote a quarterly analysis of mutual funds for Pensions and Investments Magazine, and he has written two books on the subject of post-modern portfolio theory. He has been a featured speaker at many conferences in the United States, Europe, South Africa and the Pacific Basin. Sortino is now working with a team of financial experts to offer a defined benefit approach to managing 401(k) plans.
 Michael Villaverde is principal of BlueCrest Capital Management, London, and the product manager of the BlueCube Fund. Before join-ing BlueCrest in April 2008, Michael developed and managed quanti-tative portfolios and headed a research group at Marshall Wace Asset Management. Before that, he worked as a quantitative analyst for the Emerging Markets Special Opportunities Fund at Citigroup Alternative Investments. Villaverde received his PhD in quantitative finance from Cambridge University, and an MSc in financial engineering and a BA in mathematics from the University of Michigan at Ann Arbor.
 Alexander Weissensteiner received his MSc and PhD in social and eco-nomic sciences from Leopold Franzens University, Innsbruck, in 1998 and 2003, respectively. Since 2010 he has been an assistant professor at the Free University of Bozen-Bolzano. His research interests include stochastic (linear) programming, control theory, neural networks and financial risk management.
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 interest rate derivatives valuation and works on problems in stochastic analysis.
 Xi Yang was awarded a PhD in optimization at the University of Edinburgh. She received her BSc in computational mathematics in China, and subsequently graduated with an MSc in Financial Mathematics from the University of Edinburgh. Her main research interests are risk measures and management, stochastic dominance and stochastic programming.
 Volker Ziemann holds a master’s degree in statistics from ENSAE (Paris, France) and a PhD in finance from Paul Cézanne Université – Aix-Arseille III. He is now an economist at the French Ministry of Economy, Industry and Employment and was a senior research engin-eer at EDHEC-Risk Institute when this research was conducted. His research focus is on the econometrics of financial markets and optimal asset allocation decisions involving nonlinear payoffs.
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 2 Bank Asset-Liability and Liquidity Risk Management
 Moorad ChoudhryAsset-liability management (ALM) for banking institutions is defined as the high-level management of a bank’s assets and liabilities. ALM is con-ducted at a group aggregate balance sheet level. The principal object ive of the ALM function is to manage interest-rate risk and liquidity risk. This chapter describes the essential principles of the ALM responsibil-ity of a bank, and the function of the guardians of ALM at a bank, the asset-liability committee or ALCO. Liquidity risk management con-cerns the discipline of ensuring that a bank remains liquid at all times and under all market conditions. This chapter reviews the principal requirements of maintaining funding liquidity, the key management risk reporting metrics and a sample framework for a bank’s internal funding rate policy.
 3 A Two-Factor HJM Interest Rate Model for Use in Asset Liability Management
 Sarp Kaya Acar, Ralf Korn, Kalina Natcheva-Acar and Jörg WenzelThis chapter proposes a Gaussian two-factor Heath–Jarrow–Morton (HJM) model as an alternative to popular short rate models for use in asset liability management. It will prove to be efficient and realistic, and offers the possibility to set up a generic pricing tool that allows for the valuation of a wide range of structured products.
 4 Long-Term Interest Rates and Consol Bond Valuation
 Michael Dempster, Elena Medova and Michael VillaverdeThis chapter presents a Gaussian three-factor model of the term struc-ture of interest rates which is Markov and time-homogeneous. The model captures the whole term structure and is particularly useful in for-ward simulations for applications in long-term swap and bond pricing, risk management and portfolio optimization. Kalman filter parameter estimation uses EU swap rate data and is described in detail. The yield curve model is fitted to data up to 2002 and assessed by simulation of
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 yield curve scenarios over the next two years. It is then applied to the valuation of callable floating rate consol bonds, as recently issued by European banks to raise Tier 1 regulatory capital over the period from 2005 to 2007.
 5 Asset Liability Management Modelling with Risk Control by Stochastic Dominance
 Xi Yang, Jacek Gondzio and Andreas GrotheyAn asset liability management model with a novel strategy for control-ling the risk of underfunding is presented in this chapter. The basic model involves multiperiod decisions (portfolio rebalancing) and deals with the usual uncertainty of investment returns and future liabilities. Therefore, it is well suited to a stochastic programming approach. A sto-chastic dominance concept is applied to control the risk of underfunding through modelling a chance constraint. A small numerical example and an out-of-sample backtest are provided to demonstrate the advantages of this new model, which includes stochastic dominance constraints, over the basic model and a passive investment strategy. Adding stochas-tic dominance constraints comes with a price. It complicates the struc-ture of the underlying stochastic program. Indeed, the new constraints create a link between variables associated with different scenarios of the same time stage. This destroys the usual tree structure of the con-straint matrix in the stochastic program and prevents the application of standard stochastic programming approaches, such as (nested) Benders decomposition and progressive hedging. Instead, we apply a structure-exploiting interior point method to this problem. The specialized inter-ior point solver, an object-oriented parallel solver, can deal efficiently with such problems and outperforms the industrial strength commer-cial solver CPLEX on our test problem set. Computational results on medium-scale problems with sizes reaching about one million variables demonstrate the efficiency of the specialized solution technique. The solution time for these non-trivial asset liability models appears to grow sublinearly with the key parameters of the model, such as the number of assets and the number of realizations of the benchmark portfolio, which makes the method applicable to truly large-scale problems.
 6 The 401(k) Retirement Income Risk
 Frank Sortino and David HandThe essence of PMPT is to identify the return needed to accomplish a financial goal and measure risk and reward relative to that Desired
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 Target Return®. The goal is what one wants one’s money to accom-plish – for example, retirement. In this chapter we apply the principles of PMPT to the task of helping participants in a defined contribution plan to accomplish their retirement goals. Further information on this application is provided at www.definedtargetreturn.com.
 7 Pensions, Covenants and Insurance
 Con KeatingThis chapter considers asset liability management in the context of pen-sion indemnity assurance. The problem is uniquely long in dur ation – from inception to final discharge the term could be 150 years. The problem is compound – risk management of a long corporate credit risk exposure and subsequent management of a pension annuity book. This requires the analysis and risk management to proceed from first prin-ciples, separating short-term considerations from those important to long-term security and performance. This chapter discusses a number of current problems in UK pensions practice, such as the accounting standards and regulatory regime. The asset strategy that follows differs markedly from the market-based liquidity and short-term performance model of the traditional third-party investment manager.
 8 Employees’ Provident Funds of Singapore, Malaysia, India and Sri Lanka: A Comparative Study
 Siti Sheikh Hussin, Gautam Mitra, Diana Roman and Wan Kamaruzaman Wan AhmadIn this chapter we describe the structure of employees’ provident funds (EPFs), which are the main retirement schemes for private sector employees of the four countries discussed: Singapore, Malaysia, India and Sri Lanka. We compare the EPF plans for these four countries and describe the similarities and differences in terms of contributions and accounts, dividend withdrawals and annuities, minimum sum, health benefits, investments and also performance. In addition we discuss the challenges faced by EPFs and possible ways to overcome them. The phenomenon of the ‘aging population’, which is occur-ring even faster in Asia than in the Western countries, is the big-gest challenge. EPFs are defined contribution pension schemes; thus, an increase in life expectancy brings the risk that participants could outlive their savings. Lastly, we discuss the EPF framework from an asset liability management perspective.
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 9 Dynamic Risk Management: Optimal Investment with Risk Constraints
 Stuart JarvisThis chapter examines a trade-off between utility and downside risk in a dynamic context. A standard CRRA utility function is used and downside risk tolerance is described by a tail value at risk (CVaR) meas-ure. The optimal strategy is derived using elementary variational tech-niques in a continuous-time framework. In a discrete-time framework, numerical techniques are applied to find a solution. In both cases, the optimal strategy involves an increase in instantaneous portfolio risk if returns are either good or very poor. While the former is similar to dynamic strategies such as CPPI, the time inconsistency of the CVaR risk measure is highlighted as explaining the latter feature.
 10 Optimal Investment Strategies in Defined Contribution Pension Plans
 David Blake, Andrew Cairns and Kevin DowdMany, if not most, individuals cannot be regarded as ‘intelligent con-sumers’ when it comes to understanding and assessing different invest-ment strategies for their defined contribution pension plans. This gives very little incentive to plan providers to improve the design of their pension plans. As a consequence, pension plans and their investment strategies are still currently in a very primitive stage of development. In particular, there is very little integration between the accumulation and decumulation stages. It is possible to produce well-designed defined contribution plans, but these need to be designed from back to front (that is, from desired outputs to required inputs) with the goal of deliv-ering an adequate targeted pension with a high degree of probability. We use the analogy of designing a commercial aircraft to explain how this might be done. We also investigate the possible role of regulators in acting as surrogate ‘intelligent consumers’ on behalf of plan members.
 11 Duration-Enhancing Overlay Strategies for Defined Benefit Pension Plans
 John M. Mulvey, Woo Chang Kim and Yi MaMany large corporate and public pension trusts remain underfunded since the 2001–2002 recessionary periods. These plans are challenged by global demographic trends and the recent slowing economic conditions.
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 We show that a special overlay strategy can improve performance and reduce risks by adding duration to the portfolio. The approach com-bines elements of liability-driven investing and asset liability man-agement. Versions of the strategy are evaluated via historical data. In addition, the strategy is tested with a widely employed, forward-looking economic projection system.
 12 A Robust Optimization Approach to Pension Fund Management
 Garud Iyengar and Alfred Ka Chun MaIn this chapter, we propose a robust optimization-based framework for defined benefit pension fund management. We show that this frame-work allows one to flexibly model many features of the pension fund management problem. Our approach is a computationally tractable alternative to the stochastic programming-based approaches. We illus-trate the important features of the robust approach using a specific numerical example.
 13 Alternative Decision Models for Liability-Driven Investment
 Katharina Schwaiger, Cormac Lucas and Gautam MitraAsset liability management (ALM) models have been recently recast as liability-driven investment (LDI) models for making integrated finan-cial decisions in pension schemes investment, matching and outper-forming a pension plan’s liabilities. LDI has become extremely popular as the decision tool of choice for pension funds. Market developments and recent accounting and regulatory changes require a pension fund to adopt a new view on its asset allocation decision. We present a generic ALM problem cast as an LDI, which we represent through a family of four decision models: a deterministic linear programming model, a two-stage stochastic programming (SP) model incorporat-ing uncertainty, a chance-constrained SP model and an integrated chance-constrained SP model. In the deterministic model, we study the relationship between PV01 matching and the required funding. In the model, we have two sources of randomness: liabilities and interest rates. We generate interest rate scenarios using the Cox, Ingersoll and Ross model and investigate the relationship between funding require-ments and minimize the absolute deviation of the present value match-ing of the assets and liabilities over time. In the chance-constrained
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 programming model, we limit the number of future deficit events by introducing binary variables and a user-specified reliability level. The fourth model has integrated chance constraints, which limits not only the events of underfunding but also the amount of underfunding rela-tive to the liabilities. All models employ a buy-and-hold strategy in a fixed-income portfolio, and recourse actions are taken only in borrow-ing and lending.
 14 A Liability-Relative Drawdown Approach to Pension Asset Liability Management
 Arjan Berkelaar and Roy KouwenbergDefined benefit pension schemes accumulate assets with the ultimate objective of honouring their obligation to the beneficiaries. Liabilities should be at the centre of designing investment policies and serve as the ultimate reference point for evaluating and allocating risks and measur-ing performance. The goal of the investment policy should be to maxi-mize expected excess returns over liabilities subject to an acceptable level of risk that is expressed relative to liabilities. In this chapter, we argue for the use of a liability-relative drawdown optimization approach to construct investment portfolios. Asset and liability returns are simu-lated using a vector autoregressive process with state variables. We find that drawdown optimal portfolios provide better downside protection, are better diversified and tend to be less equity centric while providing higher expected returns than surplus variance portfolios.
 15 Asset-Liability Management in Defined Contribution Pensions: A Stochastic Model with Reference to Auto Choice Portfolios in the New Pension System in India
 Hira Sadhak and Steward DossIn this chapter we examine the implication of asset liability manage-ment (ALM) in a defined contribution pension plan where investment risks are transferred to the members of the fund. An ALM model has been developed with the help of Monte Carlo simulation, and future liability and cash flow have been projected, which can guide the fund managers to design an appropriate asset allocation and reallocation strategy for managing an auto choice life-cycle fund under the invest-ment regulation norms. Pension fund investment return and risks will be largely influenced by the market environment – availability of
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 financial instruments, market volatility, liquidity. We briefly discuss the prevailing situation in the Indian market to identify opportunities and constraints.
 16 Planning for Retirement: Asset Liability Management for Individuals
 Michael Dempster and Elena MedovaThis chapter gives a non-technical introduction to a goal-oriented sys-tem developed to help middle-class families and their advisors plan for their future lifestyle choices, including retirement and bequests, through management of their financial and other assets. The user-friendly system described – iALM for ‘individual asset liability manage-ment’ – brings institutional ALM techniques to bear on planning over a household’s lifecycle. However, prospective solutions are designed to be easily revised in light of a household’s changed personal or market circumstances and iALM also supports the rapid ‘what-if’ exploration of alternative future choices. Fully developed UK and US versions of iALM are currently available. This chapter illustrates the UK system’s capabilities.
 17 The Discretionary Wealth Hypothesis in an Arbitrage-Free Term Structure Approach to Asset-Liability Management
 Dan diBartolomeoTraditional approaches to asset-liability management have evolved sub-stantially in recent years. Unfortunately, even the sophisticated, multi-period approaches in common use neglect important features of the underlying economic problem. This chapter describes a new approach to asset-liability management that combines four key elements, one of which is quite new to the finance literature. There are several key bene-fits to this technique. First, it estimates the present value of future con-sumption liabilities in a fashion that is consistent with current market conditions, is arbitrage free, yet does not imply an absolute guarantee of liability fulfilment in cases where no such guarantee is desired. The second key benefit of this technique is that it dynamically reallocates assets over time in a sensible way, based on the Discretionary Wealth Hypothesis of Wilcox (2003), yet is mean-variance optimal as defined in Markowitz (1952) at each moment in time. This approach maximizes the median, rather than the expected value of surplus in a way that
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 more realistically represents investor utility. Finally, we show that our combined technique is equally suitable as an ALM technique for both institutions and households. This technique also explicitly addresses the existence of transaction costs, and other frictions within the multi-period process, as opposed to the single-period assumptions underlying Markowitz.
 18 Exploiting Asset-Liability Management Concepts in Private Wealth Management
 Noël Amenc, Lionel Martellini, Vincent Milhau and Volker ZiemannThis chapter sheds light on the potential benefits of the use of asset-liability management techniques in a private wealth management con-text. Our main contribution is to show that a significant fraction of the complexity of optimal asset allocation decisions for private invest-ors can be captured through the introduction of a single additional state variable, the liability value, which can account in a parsimoni-ous way for investors’ specific constraints and objectives. Taking an ALM approach to private wealth management has a direct impact on the selection of asset classes, in that it leads to a focus on the liability-hedging properties of various asset classes, a focus that would, by def-inition, be absent from an asset-only perspective. It also leads to using the liability portfolio as a benchmark or numeraire, hence recognizing that what matters for private investors is not so much terminal wealth per se as ability to achieve such goals as preparing for retirement or buying property.
 19 Backtesting Short-Term Treasury Management Strategies Based on Multi-Stage Stochastic Programming
 Robert Ferstl and Alexander WeissensteinerWe show the practical viability of a short-term treasury management model which is formulated as a multi-stage stochastic linear program. A company minimizes the conditional value at risk of final wealth, subject to given future cash flows and the uncertain future develop-ment of interest rates and equity returns, choosing an asset allocation among cash, several bonds and an equity investment. The scenario generation procedure includes an estimation of the market price of risk and a change of the underlying probability measure. We provide an out-of-sample backtest for the proposed policy and compare the performance

Page 35
                        

Chapter Abstracts xxxv
 to alternative strategies. Our approach shows a better risk-return trade-off for different aggregated risk measures. Further, we perform several numer-ical studies based on a real market data set to test for the sensitivity to changes in the input parameters – for example, shifts of the yield curve, or changes in the equity spread or the cash flows. The resulting port-folios are well diversified and the impact on the asset allocation follows economic intuition.
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