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Asset-Liability Management 
 
Introduction 
 

This specialty guide is a background reading list reference for the practice of 
asset-liability management (ALM). It is intended to provide guidance to anyone 
seeking to gain knowledge regarding ALM, especially with respect to its application 
to financial security systems such as life or health insurance, property and casualty 
insurance and pensions. Some sections have property/casualty-specific and pension-
specific references shown separately, and special sections are devoted to 
property/casualty-specific references and to pension-specific references. We hope 
that this guide also will be useful to an audience beyond the actuarial profession 
seeking to understand a challenging but increasingly important subject. 

 
The guide should be viewed as a preliminary road map for any practitioner 

seeking direction to enhance his or her knowledge of ALM. No particular level of 
expertise is assumed, although a basic understanding of the investments available to 
a financial institution is helpful. To make the guide as widely useful as possible, we 
have attempted to indicate the level of difficulty of each reference (basic, 
intermediate, advanced). 
 

Recently, there has been much discussion regarding the concept of enterprise 
risk management (ERM).  ERM is a broader concept than ALM. ERM can be viewed 
as a comprehensive and integrated process of identifying, assessing, monitoring and 
managing the risk exposure of an organization, ideally through a formal 
organizational structure and a quantitative approach. The goal of ERM is to 
minimize the effects of risk on an organization's capital and earnings, and to better 
allocate its risk capital. Thus, ERM considers the broad range of risks associated with 
operating a business, including financial, strategic, operational and hazard risks. 
Because financial institutions thrive on the business of risk, they are good examples 
of companies that can benefit from effective ERM. ALM is a significant component 
of ERM because it is an important process in addressing financial risk. This guide is 
primarily concerned with ALM, but includes a short section on ERM.  
 

For additional information regarding ERM, see the Society of Actuaries (SOA) 
Risk Management Task Force Web site. (rmtf.soa.org) The work of the task force also 
involves a review of other risk management issues including economic capital 
calculation and allocation, equity modeling, extreme value models, health risk
 management, policyholder behavior in the tail, pricing for risk, risk-based 
capital covariance, risk management future and strategy, and risk management metrics. 
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What Is ALM? 
 

ALM is the practice of managing a business so that decisions and actions 
taken with respect to assets and liabilities are coordinated.  ALM can be defined as 
the ongoing process of formulating, implementing, monitoring and revising 
strategies related to assets and liabilities to achieve an organization's financial 
objectives, given the organization's risk tolerances and other constraints. ALM is 
relevant to, and critical for, the sound management of the finances of any 
organization that invests to meet its future cash flow needs and capital 
requirements. 

 
Traditionally, ALM has focused primarily on the risks associated with 

changes in interest rates. Currently, ALM considers a much broader range of risks 
including equity risk, liquidity risk, legal risk, currency risk and sovereign or 
country risk. 

 
ALM is practiced in diverse settings: 
 
• Derivative dealers manage their long and short positions. 
• Bankers coordinate the repricing horizons of their assets and liabilities. 
• Pension plans adjust their investments to mirror the characteristics of 

their liabilities with respect to interest rates, equity returns and expected 
changes in wages. 

• Insurers select investment strategies to ensure they can support 
competitive pricing and interest crediting strategies. 

 
While each of these involves the application of ALM techniques to a 

particular financial problem, the implementations in these situations may bear little 
resemblance to each other.  The derivative dealer must make many decisions during 
the course of a trading day, and is therefore likely to use a technique such as Value 
at Risk (VAR) based on intra-day market price volatility that can be used quickly 
and easily.  Simulation modeling of those risks is a luxury not available due to time 
constraints.  On the other hand, insurers typically manage ALM risks using 
simulation models that may take weeks or months to operate and validate.  Daily 
application of risk limits is neither feasible nor necessary.  Similarly, bankers' ALM 
risks are primarily those that will show up in profits in the near- to medium-term 
future, so their approach to ALM may emphasize short-term income and expenses, 
while a pension plan, taking a longer view, may focus on the present value of 
required contributions. 
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These are all valid applications for ALM, but the appropriate tools and 
measurements for each situation can differ significantly.  The choice of appropriate 
tools and measurements depends in turn on identifying the primary risk of concern. 
 For example, in a pension fund, risks include levels of contributions, expenses, or 
net income, and balance sheet items. Minimizing risk in any of these areas may 
increase risk to others.  Senior management of a financial organization often needs 
help in focusing on the primary risk. 

 
The readings listed in this introductory section are intended to provide a 

basic overview of most topics and concepts in ALM.  The sections that follow survey 
the broad range of ALM tools and applications that exist today.  The approach to 
ALM in a particular situation must be chosen with regard to available time, human 
resources, capital, information and management philosophy. 
 
The Role of the Actuary 
 

Actuaries measure, model and manage risk. Risk associated with the ALM 
process is one of the most important risks faced by many financial security systems. 
The current professional actuarial education and qualification process provides 
actuaries knowledge and understanding of assets and liabilities and how they are 
interrelated. This knowledge includes an understanding of the operation of financial 
markets, the instruments available and the use of synthetic instruments. Financial 
reporting and product development actuaries are expected to understand the 
relationship of the company's assets to its liabilities so as to reflect the risks inherent 
in the business and thereby enhance its profitability and solvency. Insurance and 
investment products are continually being redesigned, updated, expanded and 
replaced. The practicing actuary considers these changes and how they affect the 
company.  The actuary must be able to communicate such changes to the company's 
portfolio managers (or be part of such portfolio management). The coordination of 
product development, investment operations and financial reporting is essential for 
a successful financial security system.  Actuaries are well prepared through 
education and experience to perform this role. 
 
The Role of Scientific Principles and Actuarial Standards of Practice  
 

Actuarial standards of practice provide guidance to actuaries as they fulfill 
their various responsibilities in order to ensure that their employers, clients and the 
public interest are well served. As described by the Actuarial Standards Board (ASB) 
in the United States: "Standards of practice serve to assure the public that actuaries 
are professionally accountable. At the same time, standards provide practicing 
actuaries with a basis for assuring that their work will conform to generally accepted 
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principles and practices." Thus, actuarial standards of practice are an important 
reference for ALM work, as well as any other actuarial task. 
 

Actuarial standards of practice are established by the ASB in the United 
States and by the Canadian Institute of Actuaries (CIA) in Canada. The standards 
that have been established, or are in the process of being established (exposure 
drafts or discussion drafts), by the ASB can be viewed by accessing the ASB Web 
site at www.actuarialstandardsboard.org. The standards established, or in the 
process of being established, by the CIA can be viewed by accessing the CIA Web 
site at www.actuaries.ca and clicking on "Publications" and then selecting "Blue 
Book (Standards)." 
 

To assist the ASB and the CIA in developing standards of practice, the SOA 
has formed a number of committees and task forces to articulate an intellectual and 
scientific basis for such standards. The SOA Task Force on Asset/Liability 
Management Principles is in the process of articulating that basis for ALM. The goal 
is to have a final draft of a principles document completed during 2003. The first 
publication of the document may be an exposure draft.  
 
Relevant Professional Organizations 
 

There are a number of organizations that provide information that might be 
of value to those interested in learning about ALM. For your information and 
convenience the following table lists a few of the key organizations and their Web 
addresses. 
 
Organization Web Address 
American Academy of Actuaries (AAA) www.actuary.org 
Canadian Institute of Actuaries (CIA) www.actuaries.ca 
Casualty Actuarial Society (CAS) www.casact.org 
Society of Actuaries (SOA) www.soa.org 
Association for Investment Management and 
Research (AIMR) 

www.aimr.org 

Global Association of Risk Professionals (GARP) www.garp.com 
Professional Risk Managers' International 
Association (PRMIA) 

www.prmia.org 

 

http://www.actuarialstandardsboard.org
http://www.actuaries.ca
http://www.actuary.org
http://www.actuaries.ca
http://www.casact.org
http://www.soa.org
http://www.aimr.org
http://www.garp.com
http://www.prmia.org
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Format of the Guide's Content 
 

Each section of the guide includes commentary introducing the topic of the 
section and related issues. For most references, the guide identifies the reference's 
level of difficulty. The guide also identifies references that have been part of the 
syllabus for SOA or CFA examinations. 

 
The appendix lists alphabetically, by author (or source if, for example, the 

reference is a compilation of papers presented at a conference or seminar), all the 
references included in the guide, and the section(s) in which they are referenced. The 
appendix is intended to provide users of the guide an opportunity to navigate 
through the guide based on reference(s) of interest, to identify all the sections in 
which a particular reference appears or to determine the scope of the references.  
 

We welcome your suggestions for changes or additional references. Please 
direct your comments to Julie Young at the SOA office (jyoung@soa.org). 
 
References  
 
Reference Level of Difficulty Comments 
Bodie, Z., A. Kane, and A. Marcus. 2002. 
Investments. 5th ed. New York: Irwin 
McGraw Hill. 

Basic Has been part of the SOA exam 
syllabus. 

Canadian Institute of Actuaries ALM 
Practitioners Association. 

 Focus is life insurance. The 
group discusses practice-related 
and emerging issues as part of 
an ongoing process to exchange 
knowledge and develop ALM 
best practices. 

Canadian Institute of Actuaries Working 
Group on ALM. 

 Formed to further education and 
research in ALM and to promote 
best practices. The focus of the 
group is life insurance.  

Forbes, S., M. Hays, S. Reddy, and K. 
Stewart. 1993.  Asset-Liability Management in 
the Life Insurance Industry. Atlanta, GA: Life 
Office Management Association, Inc. 

Basic  

Ingram, D., and L. Zacheis. 1994. "Asset-
Liability Matching," Chapter 22 in Life 
Insurance Accounting. 3rd ed. IASA.  

Basic Has been part of the SOA exam 
syllabus.  

mailto:jyoung@soa.org
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Reference Level of Difficulty Comments 
Laster, D., and E. Thorlacius. 2000. "Asset-
Liability Management for Insurers," Swiss 
Re Sigma (June): 7-11.  

Basic Has been part of the SOA exam 
syllabus. It can be downloaded 
from the Swiss Re Web site, 
www.swissre.com. (Click on 
"Research and Publications," 
"sigma insurance research," 
"sigma archive," and scroll down 
to "No. 6, 2000.") 

Ostaszewski, K. 2002. Asset-Liability 
Integration. M-FI02-1. Schaumburg, IL: 
Society of Actuaries. 

Basic to 
Intermediate 

Analyzes the ALM process in 
the financial intermediation 
industry, especially among 
insurers, from the perspective of 
what is known about capital 
markets and practiced in 
financial engineering. The 
monograph strives to define a 
mission for the modern 
insurance industry, its place in 
the financial intermediation 
network, and the role of ALM in 
that mission. It reflects a positive 
bias toward philosophy, but also 
reflects the belief that 
philosophical questions 
addressed will eventually prove 
themselves to be worthy of 
practical consideration. 
 
(SOA monographs can be 
downloaded for free from: 
www.soa.org/bookstore/mono.h
tml.) 

Redington, F. 1952. "Review of the Principles 
of Life-Office Valuations," Journal of the 
Institute of Actuaries 78, Part III: 286-340.  

Intermediate Available in the Investment 
Section Monograph (SOA 
Monograph M-AS99-2), which 
was published in honor of the 
Society of Actuaries 50th 
anniversary, and includes 
important investment literature.  
 
(SOA monographs can be 
downloaded for free from: 
www.soa.org/bookstore/mono.h
tml). 

http://www.swissre.com
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Reference Level of Difficulty Comments 
Shiu, E. 2004. "Matching," in Encyclopedia of 
Actuarial Science. John Wiley & Sons.  

Basic A brief survey of various 
methods for matching assets and 
liabilities, with a comprehensive 
list of references. The 
Encyclopedia of Actuarial Science is 
expected to be published in 
2004.  

Society of Actuaries Risk Management Task 
Force. 

 The task force has identified 
four major activities: 
1. Promotion of actuarial 

expertise in areas of risk 
management. 

2. Promotion of opportunities 
for actuaries in the arena of 
risk management. 

3. Sponsorship of seminars on 
risk management.  

4. Development of new risk 
management educational 
materials. 

 
Additional information about 
the work of the task force and its 
subgroups is available at

:
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Reference Level of Difficulty Comments 
Society of Actuaries Task Force on 
Asset/Liability Management Principles. 
"Asset Liability Management Principles." 
(Not yet available.) Society of Actuaries.  
 
 

Basic The statement of principles is 
not yet final. The task force was 
formed to articulate an 
intellectual and scientific basis 
for the development of a set of 
standards of practice for ALM 
that will apply to all practice 
areas. The goal is to have a final 
draft of the principles document 
completed during 2003.  The 
first publication of the document 
may be an exposure draft. 

Williams, E., ed. 1992. Managing 
Asset/Liability Portfolios. Charlottesville, VA: 
ICFA Continuing Education.  

Basic Available from AIMR. Ordering 
information available at 
www.aimr.com/publications/ 
catalog/portfolio.html 

 
 
 

http://www.aimr.com/publications/catalog/portfolio.html
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Basics in Financial Economics Relevant to ALM 
 
Introduction 
 

Financial economics is a very broad topic.  Readings in this section are 
intended to cover the major concepts from modern financial economics that are 
directly relevant to ALM.  These readings provide the framework for the following 
sections, and the level of difficulty for all the readings is either "Basic" or 
"Intermediate." Basic investment knowledge, such as knowledge of the dividend 
discount model and common asset types, is assumed as background for these 
readings. The suggested readings for this section are, in general, taken from 
standard textbooks used for basic education by the Society of Actuaries. Many 
colleges and universities also provide course descriptions and reading lists on their 
Web sites. 
 
References—Introduction  
 
Reference Level of Difficulty Comments 
Bodie, Z., A. Kane, and A. Marcus. 
2002. Investments. 5th ed. New York: 
Irwin McGraw Hill. 

Basic The primary reference for all 
general topics. Has been part of the 
SOA and AIMR exam syllabus. 

Brealey, R., and S. Myers. 2003. 
Principles of Corporate Finance. 7th ed. 
McGraw Hill. 

Basic/Intermediate Has been part of the SOA exam 
syllabus. 

Fabozzi, F. (ed.) 2000. Handbook of 
Fixed Income Securities. 6th ed. 
McGraw Hill Trade. 

Basic/Intermediate 
 

Has been part of the SOA exam 
syllabus. Good reference and 
guidebook for practitioners. 

Maginn, J., and D. Tuttle. 1990. 
Managing Investment Portfolios: A 
Dynamic Process. 2nd ed. Warren, 
Gorham & Lamont.  

Basic/Intermediate Has been part of the SOA and 
AIMR exam syllabus. 

Panjer, H., ed. 1998. Financial 
Economics: With Applications to 
Investments, Insurance and Pensions. 
Schaumburg, IL: Actuarial 
Foundation.  

Basic/Intermediate Has been part of the SOA exam 
syllabus. 
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Overview of Financial Markets 
 

The books listed in the introduction of this section do a very good job of intro-
ducing the reader to various markets and instruments. The term structure of interest 
rates, dissecting the yield curve using bootstrapping techniques into forward and spot 
curves is essential to understanding ALM. These texts make it clear that the landscape is 
ever changing, with new classes of assets being created as quickly as the quants can 
think them up. It is important for ALM practitioners to understand the cash flow 
optionality purchased or sold. Unintended consequences can leave the practitioner in 
worse shape than before a supposed hedge was purchased. Counterparty risk must also 
be considered. 
 
Reference—Overview of Financial Markets 
 
Reference Level of Difficulty Comments 
Fabozzi, F.  1999. Bond Markets, Analysis 
and Strategies. 4th ed. Prentice Hall.   

Basic/Intermediate This reference has been part of the 
AIMR exam syllabus 

 
Risk/Return Tradeoff Models 
 

Many models have been developed to evaluate a security's risk and return.  The 
capital asset pricing model (CAPM) predicts the relationship between the risk of an 
asset and its expected return.  While this model assumes efficient markets and does not 
fully withstand empirical tests, it is widely used because it has sufficient accuracy for 
many applications. Another limitation of all these models is that they are one-period 
models, not multi-period, as needed by insurers.  Index models form a second class.  
These models assume that systemic or market risk can be represented by a broad index 
of stock returns.  This assumption reduces the input needed to perform a Markowitz 
portfolio selection procedure.  Single-index models assume that stock prices move 
together only because of common movements with the market.   
 

Multi-index models incorporate additional influences such as industry-specific 
factors.  The arbitrage pricing theory (APT) is the last of the models discussed in the 
readings.  Like CAPM, arbitrage pricing theory defines a relationship between expected 
return and risk.  The APT models yield an expected return-beta relationship by using a 
well-diversified portfolio that can, in practice, be constructed from a large number of 
securities.  Unlike the CAPM and Index models, this model does not assume that the 
same expected return to risk relationship holds for all assets.  Single and multifactor 
APT models are discussed in the readings. The CAPM was developed by Sharpe (1964), 
Lintner (1965) and Mossin (1966). William Sharpe was co-winner of the 1990 Nobel Prize 
in economics. 



SOA Professional Actuarial Specialty Guide: Asset-Liability Management  

ALM Specialty Guide 2003 11 

References—Risk/Return Tradeoff Models 
 

Reference Level of Difficulty Comments 
Bodie, Z., A. Kane, A. Marcus, and L. 
Pojman. 2004. Essentials of Investments. 
5th ed. Chapters 9-11. McGraw Hill.  

Basic Has been part of the SOA and 
AIMR exam syllabus.  It provides a 
basic introduction to the topic. 

Brealey, R., and S. Myers. 2003.  
Principles of Corporate Finance. 7th ed. 
Chapter 8. McGraw Hill. 

Basic This text is the industry standard 
for corporate finance.  Typically 
used for first-year MBA students, it 
presents the issues in the context of 
corporate management rather than 
investment management.  Has 
been part of the SOA exam 
syllabus. 

Elton, E., M. Gruber, S. Brown, and W. 
Goetzmann. 2002. Modern Portfolio 
Theory and Investment Analysis. 6th ed. 
Chapters 13-16. John Wiley & Sons. 

Intermediate Has been part of the SOA and 
AIMR exam syllabus.  Focuses on 
management of equity. 

Panjer, H., ed. 1998. Financial 
Economics: With Applications to 
Investments, Insurance and Pensions. 
Schaumburg, IL: Actuarial 
Foundation. 

Intermediate Has been part of the SOA and 
AIMR exam syllabus. 
 

 
Beginning Derivatives  
 

Derivatives can be a powerful tool for hedging portfolio risks.  Basic 
derivatives are described, and option valuation techniques are presented here. 
Advanced treatment of derivatives is covered later in the guide.  
 

For insurance companies and pension plans, derivatives are usually entered 
into as hedges against interest-rate and equity-exposure risks. Multinationals often 
hedge their currency exposure as well. It should be noted that an insurer should 
research the current accounting treatment of hedges. Formal accounting bodies may 
not approve the portfolio cash–flow-based approach.  Derivatives utilized to hedge 
interest rate risk include caps and floors, swaps, puts and calls, along with more 
exotic combinations of these basic instruments. For equities, insurers are often 
concerned with drops in market value when they have guaranteed a fixed, or 
ratcheted, return. They may utilize various derivatives that pay off when stock 
returns are poor.   
 

Fisher Black and Myron Scholes (1973) and Robert Merton (1973) developed 
option-pricing theory. Scholes and Merton shared the 1997 Nobel Prize in economics 
(Black died in 1995). 
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References—Beginning Derivatives 
 

Reference Level of Difficulty Comments 
Berkshire Hathaway. 2002.  "Berkshire 
Hathaway Annual Report." Omaha: 
Berkshire Hathaway Inc. 13-15. 

Basic Currently available online at: 
www.berkshirehathaway.com/ 
2002ar/2002ar.pdf 
 

Bodie, Z., A. Kane, A. Marcus, and L. 
Pojman. 2004. Essentials of Investments. 
5th ed. Chapters 20-23. McGraw Hill. 

Basic Has been part of the SOA and 
AIMR exam syllabus. 

Brealey, R., and S. Myers. 2003.  
Principles of Corporate Finance. 7th ed. 
Chapters 20-22. McGraw Hill. 

Basic Has been part of the SOA exam 
syllabus. 

Elton, E., M. Gruber, S. Brown, and W. 
Goetzmann. 2002. Modern Portfolio 
Theory and Investment Analysis. 6th ed. 
Chapters 22-23. John Wiley & Sons. 

Intermediate Has been part of the SOA and 
AIMR exam syllabus. 
 

Fabozzi, F. (ed.) 2000. Handbook of Fixed 
Income Securities. 6th ed. Chapters 55-
58. McGraw Hill. 

Basic Has been part of the SOA exam 
syllabus. It provides a basic 
understanding of a variety of 
derivatives topics. 

Global Derivatives Study Group (The 
Group of Thirty). 1993. "Derivatives: 
Practice and Principles." Washington, 
D.C: The Group of Thirty. 

Basic Very good introductory material: 
simple, general, easy to read and 
accompanied with real examples.  
The first part of the publication is 
also very useful for legal and 
accounting purposes.  The second 
half (from page 26) gives clear 
descriptive definitions of various 
derivatives contracts and their 
functionality.  It is suitable for all 
readers.  Has been part of the SOA 
exam syllabus. 

Partnoy, F. 2003. Infectious Greed: How 
Deceit and Risk Corrupted the Financial 
Markets. Times Books.  

Intermediate Partnoy follows up FIASCO: The 
inside story of a Wall Street trader 
by recounting recent derivatives 
blow-ups and provides 
suggestions to limit future 
problems. 

 

http://www.berkshirehathaway.com/2002ar/2002ar.pdf
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The Efficient Frontier and Asset Allocation 
 

In 1952 Harry Markowitz published a revolutionary article called "Portfolio 
Selection," in the Journal of Finance.  This paper proposed that the investor should 
take into account the impact of a risky security on not only a portfolio's expected 
return but also its variability of return. He suggested that a primary function of 
portfolio management is to identify an asset allocation strategy that provides the 
highest expected (mean) return for a given level of risk that is acceptable to the 
investor. Alternatively, the strategy provides the lowest level of risk (variance) for a 
specified level of expected return.  Markowitz's paper introduced the concept of the 
efficient frontier, which represents the set of optimal combinations of risky assets for 
each level of risk. In the absence of borrowing, rational, risk-averse investors will 
want to select a strategy that is on the efficient frontier.  The actual strategy selected 
will reflect the investor's risk tolerance. 
 

Under the Markowitz model, given riskless lending and borrowing rates and 
all investors working with the same set of inputs, all investors will prefer a single 
portfolio of risky assets. This is the optimal portfolio. Markowitz (1952, 1959) and 
Tobin (1958) developed a model of investor behavior in a mean-variance framework. 
In this model, investment portfolios are evaluated in terms of their mean returns and 
the total variance of their returns. The model can be justified by assuming either that 
investors have quadratic utility functions or that asset returns are normally 
distributed. In such a model, investors would choose mean-variance efficient 
portfolios, that is, portfolios with the highest mean return for a given level of 
variance of returns. The approach is not limited in its usefulness to asset allocation 
applications.  Indeed it can be used to evaluate risk versus reward tradeoffs for any 
asset-liability management decision, such as testing alternative crediting strategies 
or product designs. 
 

This approach allows the portfolio manager to evaluate risk versus reward 
tradeoffs of alternative asset allocations.  It can also be used to assemble portfolios of 
asset classes or individual securities that take advantage of the benefits of 
diversification when asset class returns do not exhibit perfect correlation.  The 
efficient frontier approach can be used in an asset-liability framework if the risk and 
return measures are changed to reflect the joint effect of assets and liabilities on 
financial results.  For example, an insurance company may want to select an asset 
allocation strategy that maximizes the expected ending surplus for a given level of 
risk or that minimizes the probability of its not meeting profit objectives. 
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For his contributions to portfolio selection theory of investments, James Tobin 
was awarded the 1981 Nobel Prize in Economics. Harry Markowitz was a co-winner 
of the 1990 Nobel Prize in economics for his work on portfolio theory. 
 
References—General  
 
Reference Level of Difficulty Comments 
Bodie, Z., A. Kane, A. Marcus, and L. 
Pojman. 2004. Essentials of Investments. 
5th ed. Chapters 6-8. McGraw Hill. 
 

Basic Has been part of the SOA and AIMR 
exam syllabi. The authors cover the key 
concepts underlying portfolio theory, 
including risk aversion, risk-free versus 
risky assets, risk-return trade-offs, 
diversification and the efficient 
frontier. 

Chow, G. 1995. "Portfolio Selection 
Based on Return, Risk and Relative 
Performance," Financial Analysts 
Journal. March-April.  
 

Intermediate Author defines reward and risk in 
terms of investment returns relative to 
a benchmark, then uses these 
definitions to create an efficient 
frontier.  
Has been part of the SOA exam 
syllabus. 

Harlow, W. 1991. "Asset Allocation in a 
Downside Risk Framework," Financial 
Analysts Journal. Sept.-Oct.: 28-40. 
 

Intermediate Author defines several classes of 
downside risk measures and develops 
an efficient frontier using these 
downside risk measures. 
Has been part of the SOA exam 
syllabus. 

Michaud, R. 1998. Efficient Asset 
Management. Oxford University Press. 

Intermediate Author provides practical methods for 
investment optimization. 

Panjer, H. ed. 1998. Financial Economics: 
With Applications to Investments, 
Insurance and Pensions. Schaumburg, IL: 
Actuarial Foundation. 

Advanced Covers the Markowitz model, its 
properties and an extension of the 
model to an asset-liability problem. 
Single- and multi-period applications 
are covered.  Has been part of the SOA 
exam syllabus. 

Reilly, F., and K. Brown. 1999. 
Investment Analysis and Portfolio 
Management. 6th ed. Chapters 8-10. 
South-Western College Publishing. 

Intermediate Covers risk aversion, alternate 
measures of risk, the efficient frontier 
and investor utility. 
Has been part of the AIMR exam 
syllabus. 
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References—Property/Casualty 
 
Reference Level of Difficulty Comments 
Babbel, D., and F. Fabozzi, eds. 1999. 
"Asset Allocation for Property and 
Casualty Insurers," Investment 
Management for Insurers. John Wiley & 
Sons. 

Basic The authors illustrate the use of 
efficient frontier analysis in a P&C 
application. 
Has been part of the SOA exam 
syllabus. 

Burkett J., T. McIntyre., and W. Sonlin. 
2001. "DFA Insurance Company Case 
Study, Part I: Reinsurance and Asset 
Allocation." Casualty Actuarial Society. 

Advanced Presents a case study using an 
asset-liability efficient frontier for 
determining optimal investment 
strategies from the perspective of a 
P&C company. The method 
considers the interaction of the 
underwriting and investment 
operations and their joint impact on 
financial risk.  
 
Can be found on the CAS Web site 
at 
www.casact.org/pubs/forum/01spf
orum/01spf059.pdf. 

 
References—Pensions 
 
Reference Level of Difficulty Comments 

Fabozzi, F. (ed.) 2000. Handbook of Fixed 
Income Securities. 6th ed. Chapter 46. 
McGraw Hill. 

Intermediate Has been part of the SOA exam 
syllabus. 

Leibowitz M., S. Kogelman, and L. Bader. 
1992. "Asset Performance and Surplus 
Control: a Dual-Shortfall Approach," 
Journal of Portfolio Management. Winter.  
 

Intermediate Covers the use of efficient frontier 
in a pension fund application.  
 
Has been part of the SOA exam 
syllabus. Study Note 8V-307-00, on 
the SOA Course 8 Investments 
Syllabus. 

 

http://www.casact.org/pubs/forum/01spforum/01spf059.pdf
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Behavioral Finance 
 

Theories of modern finance assume that all investors make rational choices 
based upon rational expectations.  Behavioral finance is a study of cases where 
individual behavior does not conform to these expectations. Whether it is 
prepayment speed on residential mortgages or surrender activity on deferred 
annuities, results vary based on the interaction of current and past economic 
environments with market psychology. By highlighting incidences where investor 
and policyholder behavior diverges from rational behavior, behavioral finance has 
important implications for modeling asset and liability cash flows.  
 

Behavioral Finance by Richard Thaler is a collection of key articles on this 
topic. There are many sources available that apply the teachings of Benjamin 
Graham and Warren Buffett. With a focus on margin of safety, qualitative research is 
valued over excessive quantitative research. This provides a common-sense 
approach to finance. The Berkshire Hathaway annual reports, written by Buffett and, 
in particular, the management discussion found in the company's 10-Q filings are 
readable references.  
 
References—Behavioral Finance 
 
Reference Level of Difficulty Comments 
DeBondt, W., and R. Thaler. 1994. 
"Financial Decision-Making in 
Markets and Firms: A Behavioral 
Perspective." Working Paper, National 
Bureau of Economic Research, 
Cambridge, MA. 

Basic Provides a brief review of recent work 
in the area of behavioral finance.  Has 
been part of the SOA exam syllabus. 

Drennan, D. 1995. "Exploiting 
Behavioral Finance: Portfolio Strategy 
and Construction," in Behavioral 
Finance and Decision Theory in 
Investment Management, edited by A.S. 
Wood. Charlottesville, VA: 
Association for Investment 
Management and Research.  

Basic Discusses the implications of 
overconfidence and overreaction on 
security analysts' and corporate 
management's estimates of future 
earnings.  Has been part of the SOA 
exam syllabus. 

1999. Financial Analysts Journal, 55(6).  
 

Intermediate 
 

Focuses on behavioral finance and 
includes articles by Richard Thaler, 
Meir Statman and Terrance Odean. 
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Reference Level of Difficulty Comments 
Hagstrom, R. 2000. Latticework: The New 
Investing. Texere. (Also titled Investing: 
The Last Liberal Art) 

Intermediate Discusses how a latticework of mental 
models can provide a basis for investing
The Santa Fe Institute is highlighted in 
chapters covering physics, biology, 
social sciences, psychology, philosophy, 
literature and decision-making. 

Hagstrom, R. 2000. The Warren Buffett 
Portfolio. John Wiley & Sons.  

Intermediate Discusses alternative investment 
strategies (focus investing) to those 
developed by academia in the latter 20th

century. 
Shiller, R., and R. Thaler. Behavioral 
Finance Conferences: 
http://cowles.econ.yale.edu/behfin/ 
 

Basic/Intermediate/ 
Advanced 

 

These seminars have been held since 
1991 under the auspices of the National 
Bureau of Economic Research. 

Shiller, R. 1992. Market Volatility. MIT 
Press.  

Intermediate Provides a mathematical and behavioral
analysis of price fluctuations in 
speculative markets. 

Shiller, R. 1999. "Behavior and the 
Efficiency of the Financial System," in 
Handbook of Macroeconomics Volume 1C, 
edited by J. Taylor and M. Woodford. 
North-Holland.  

Intermediate  

Shiller, R. 2001. Irrational Exuberance. 
Broadway Books.  

Intermediate Provides an analysis and explanation of 
the stock market boom since 1982. 

Shleifer, A. 2000. Inefficient Markets: An 
Introduction to Behavioral Finance. Oxford 
University Press. 

Basic  

Thaler, R. ed. 1993. Advances in Behavioral
Finance. Russell Sage Foundation.  

Intermediate A collection of key articles discussing 
major behavioral concepts useful to 
finance.  These concepts include 
overconfidence, overreaction, loss 
aversion, and fads and fashions. 

 
 

http://cowles.econ.yale.edu/behfin/
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Tools and Techniques 
 
Basic Risk Management Metrics 
 

Risk can be defined as a measure of volatility of value, either absolute or 
relative to a benchmark.  Measures of risk can be based on backward-looking 
empirical realized estimates, forward-looking estimates implied by the market, or 
both.  This section will introduce some of the basic risk measurement methodologies 
and metrics. 
 
General Introduction of Duration and Convexity 
 

Duration and convexity are the two most important measures of interest rate 
risk for fixed-income securities and interest-bearing liabilities. Duration measures 
the sensitivity of the value of an asset to changes in interest rates, (i.e., duration is the 
negative of the slope of the price function centered at the current price and divided 
by the price). Convexity measures the curvature of the price profile of the instrument 
to changes in interest rates. (Convexity is the second derivative of a price with 
respect to interest rates and is divided by the price).  Positive convexity opens 
upward, like a smile.  Negative convexity opens downward, like a frown.  Note: 
Both of these measure sensitivity to small parallel rate changes in the yield curve, 
not bends or twists in rates. 
 
General Definition 
 

Duration: For any security, portfolio or liability S with current value P, the 
duration DS,r of S with respect to the interest rate r is 
 

DS,r = (−1/P) (∂P/∂r) or (-1)(∂P/∂r)/P, 
 
where ∂P/∂r denotes the partial derivative of P with respect to r.  In descriptive 
terms, duration is the (negative of) the percentage change in price P per unit change 
in interest rate. The negative sign in front of the equation is to signify the fact that 
price and yield move in opposite directions.   
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 A positive duration means that when interest rates go up, the price (or the 
market value) of the instrument goes down, which is the case for most fixed-coupon, 
fixed-income instruments and for liabilities with reasonably well-defined cash flows. 
(For example, a bond priced at 100 and with duration of 5 would be worth 
approximately 105 if rates fell by 1 percent.)  Negative duration means that the price 
(or market value) of the instrument will go up when the interest rate goes up. (If 
some instrument existed that was priced at 100 and had a duration of –5, it would be 
worth approximately 105 if rates rose by 1 percent.) Examples of instruments with 
negative durations are interest rate caps, long positions of put options on fixed-
coupon bonds, and some exotic CMOs whose cashflows may increase faster than the 
increase in discount rates.  Floating rate instruments have very short duration.   
 

For both historical and practical reasons, there are variations on the general 
definition of duration. The most frequently referenced duration definitions are 
Macaulay duration, modified duration (the fixed cash flow variation of the general 
duration equation shown above), effective duration, and most recently, key-rate 
duration or partial duration.  To capture other risk exposures, financial investment 
practitioners created new risk sensitivity measures and terminologies such as spread 
duration, prepayment duration and volatility duration.  Of these new measures, 
spread duration is the one most commonly used to capture the price or market value 
sensitivity to spread change in the corporate bond area. 
 

Convexity is a second-order term that measures the change in price from the 
duration estimate for a small change in rates.   For a positive duration instrument 
with no embedded options, positive convexity means that the duration extends (get 
longer) when interest rates fall (which is good), and the duration shortens when 
interest rates rise (also good.) All fixed cash-flow bonds have positive duration and 
positive convexity.  Securities with embedded options may have regions with 
negative or reduced positive convexity. For example, home mortgages can have 
negative convexity as rates lower and increase the likelihood of prepayments, 
resulting in lower duration as rates fall, and convexity may turn positive from lower 
likelihood of prepayment or extension resulting in greater duration as rates rise. 
Some structured products can have very nonlinear price profiles that transition from 
positive to negative duration and convexity as rates change. 
 
Variations of the General Definition of Duration 
 

Effective duration will be formally defined later and is an appropriate 
measure across a portfolio of debt or liabilities with fixed cash flows or embedded 
options in one currency only.  A problem with any duration measure is that it cannot 
be aggregated across multiple currencies as it only measures interest rate risk within 
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each currency.  The classical duration measures, Macaulay duration and Modified 
duration, are discussed below for historical purposes only; please note that these are 
not applicable to any asset or liability with embedded options.  Also note that 
Macaulay duration is not an analytic used by many investment practitioners, as it 
does not adequately capture changes in price sensitivity at different rate levels.  In 
the special case of a noncallable, default-free, zero-coupon bond, Macaulay duration 
is always equal to the time to maturity. 
 
Macaulay Duration 
 

For any bond with scheduled cash flow payments P1, … , Pn at times t1, …, tn 
and interest rate r, the Macaulay duration is defined as: 

DMac  =  
Pi(1+ r)ti ti

i=1

n

∑

Pi(1+ r)ti

i=1

n
∑

 

 
According to Frank Fabozzi, in Fixed Income Mathematics, (pages 157-158), 

Macaulay duration measures the "weighted average time-to-maturity of the bond's 
cash flows."  The weightings are the present values of each cash flow.  These "time-
weighted, discounted cash flows" tell you, on average, how long it takes to get your 
money back.   
 
Modified Duration 
 

Modified duration is a special form of the general definition.  For bonds with 
fixed cash flows, the duration defined by the general definition and the Macaulay 
duration have a special relationship, D(general) = DMac / (1+r).  In this case, the 
duration defined by the general definition is called modified duration, or 
 

Dmod = DMac / (1+r). 
 

For a bond with k interest payments per year and interest rate r compounded 
k times per annum, the modified duration is 
 

Dmod, k = DMac/(1+r/k). 
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The modified duration of a 10-year, noncallable, zero-coupon bond will be 
slightly less than 10 and depends on the level of rates.  If the current level of rates is 
3 percent, then the modified duration would be 9.7 (which is the Macaulay duration 
divided by 1+.03); if interest rates go up by 1 percent, then the price will drop by 
approximately 9.7 percent.  If rates are at 6 percent the modified duration would be 
9.4, and for a 1 percent rise in rates the price will drop by approximately 9.4 percent. 
As rates approach 0 percent, modified duration approaches Macaulay duration; if 
the current rate level is .05 percent, the modified duration would be 9.95. Also, 
Macaulay and modified duration are equal for continuous compounding. 
 

Macaulay and modified duration should only be applied to fixed and certain 
cash flows (without embedded options), although the concepts are useful whenever 
the price function is differentiable.   

 
Investment professionals use the term option-adjusted duration or effective 

duration (see definition below) to clarify that they are explicitly considering that the 
cash flows generated by a position may in fact depend on interest rates (see, for 
example, Fabozzi, Handbook of Fixed Income Securities). This interest rate dependency 
is typically true of any security with an embedded option, such as callable bonds, 
options, floating rate notes and residential mortgages with prepayment provisions.  
If future cash flows differ when rates rise and then fall from when rates fall and then 
rise, then the security is termed path dependent.   

 
Models are required that use either a lattice of rates (path independent) or a 

set of interest rate scenarios (path dependent) for valuation and are calibrated to the 
term structure of rates and term structure of volatility to observed prices.  This term 
structure is shocked and lattice or scenarios are produced to calculate sensitivity (see 
Financial Market Modeling section). 
 
Effective Duration  
 

Effective duration D is defined as the approximation:  
 

D ≈ (−1/P) ( (P+− P-)/(r+ − r-) ) or (-1)( ∆P/∆r)/P, 
 
where P is the price of the instrument before any parametric shift (for interest rates 
this represents the base case unshifted yield curve), P+ is the value for the positive 
shifted scenario r+ (parallel up shift) and P- is the value for the negative shift r-

(parallel down shift). Note the denominator is two times the change in rates (r+ − r-)  
=2*r+ =2*∆r.  Note: This measure can be very sensitive to the size of the rate shift, 
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especially if the price function is nonlinear and asymmetric. As such, it is an 
approximation for the slope of the price as a function of rates divided by the price. 
 

Note that when cash flows are fixed (not interest rate dependent) and when 
the size of the shift used in the effective duration calculation is sufficiently small, the 
effective duration definition is equivalent to that of the modified duration or the 
general definition of duration.  In addition, because the effective duration is 
calculated using discrete calculation, it is also applicable to instruments where either 
the derivative of a price with respect to interest rate is too complex to calculate, or 
the price function is not readily differentiable. In this regard, effective duration 
should be thought of as an extension of modified duration. 
 
Other Related Concepts  
 

Key rate duration, or partial duration, is a slightly more advanced concept 
that measures the local sensitivity to a shift in just a portion of the yield curve (see 
Ho and also Reitano).  This measures the sensitivity to the changes in yield curve 
shape.  Key rate shifts are constructed so that their sum equals a parallel shift and 
thus the sum of key rate durations is equal to effective duration for fixed cash flow 
instruments and is usually very close for most others.  However, key rate durations 
can be computationally intensive for complex path-dependent securities such as 
structured products.  Applications such as key rate immunization or yield curve 
immunization will be addressed later in the section on immunization. 
 
Definition of Key Rate Duration or Partial Duration 
 

Consider a security S with current value P and cash flows at times t1, …, tn. 
Let r1, …, rn be the interest rates on the yield curve for this security with terms to 
maturity t1, …, tn.  The key rate duration or partial duration DS, ri, ti of S with respect 
to interest rate ri and term to maturity ti is 
 

DS, ri, ti = (−1/P)(∂P/∂ri), 
 
where the partial derivative is calculated under the assumption that r1, …, rn are 
independent, i.e.,   ∂rj/∂ri = 0  for j ≠ i. 
 

Key rate duration or partial duration is a useful metric when one wishes to 
measure a portfolio's sensitivity portfolio to movement in various parts of the yield 
curve.  By matching partial durations of asset and liability portfolios it is possible to 
obtain a degree of protection against nonparallel shifts in the yield curve (see the 
Applications section at the end of this note).  However, one should keep in mind that 
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the rates corresponding to various terms to maturity are not independent, so 
additional tools are required to fully quantify the sensitivity of a portfolio to 
nonparallel shifts. 

 
Dollar duration is equivalent to the absolute sensitivity of a position in 

dollars, instead of percentage change in price, to a 1 percent change in rates.  This is 
equivalent to the duration times the market value of the position. 

 
DV01, or "dollar value of one basis point," is the market value sensitivity to a 

1 basis-point change in rates. For fixed-income securities, DV01 equals 
(duration*0.01%*MV).  DV01 is typically used for instruments for which the concept 
of duration is not an appropriate risk measurement.  Such instruments include 
futures, options, caps, floors, etc.  
 

Spread duration or option-adjusted spread (OAS) duration measures a bond or 
liability product's sensitivity to changes in implicit credit worthiness as measured by 
the OAS; similarly, the impact on value due to the change in the spread can also be 
associated with changes in the probability of default or changes in the financial 
strength denoted by a rating.   
 

Swap spread duration measures a bond's sensitivity to changes in the spread 
of the swap curve to the Treasury curve (see Golub and Tilman). 

 
Empirical duration is a measure that was in vogue for mortgage-backed 

securities in the mid-90s and tried to quantify the curve shifts that were not exactly 
parallel.  It can be thought to blend yield curve twist, effective duration and implied 
volatility to measure a combination of parallel sensitivity amplified by the volatility 
(i.e., the short end is more sensitive, and in an effective duration calculation the short 
end is shifted more than the long end.  By including volatility, this can be considered 
a precursor to value-at-risk (VAR), which will be described later in the Advanced 
Risk Measures section.) 
 
 There is a set of option price sensitivity measures referred to as "the Greeks" 
that reflect other sensitivities.  Risk measures delta, gamma, vega, theta, rho and other 
basic risk metrics will be discussed below.  
 

Delta, like duration, measures the price sensitivity of a derivative financial 
instrument to changes in the underlying value.  
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Gamma, like convexity, measures the price sensitivity to changes in delta  
resulting from changes in the underlying instrument's price. Said another way, 
gamma measures the delta's sensitivity to changes in the price of the underlying 
asset. For a bond option, a positive gamma indicates a position with positive 
convexity. 
 

Vega measures price sensitivity to changes in the volatility of the underlying 
asset. 
 

Theta measures sensitivity to time decay. 
 
 Rho measures sensitivity to changes in the risk-free interest rate. 
 

Equity duration was debated in 1989 when Leibowitz, Sorensen, Arnott and 
Hanson produced a seminal paper that discussed the effective duration of common 
stocks. It overthrew the conventional wisdom of the day by well-reasoned analysis.  
 

Key rate duration, spread duration, swap spread duration, volatility duration, 
prepayment duration, lapse duration, "the Greeks" and other risk sensitivity measures 
are becoming more useful in both risk management and ALM. 
 
Applications of Duration 
 

Duration is used in hedging since it measures price sensitivity.  The next 
section will discuss the applications in immunization. 
 
Weaknesses of Duration as a Risk Measure 
 

Duration measures local sensitivity and cannot be extrapolated for large 
factor changes.   
 

Besides the citations below, an evolving resource for risk management 
metrics is the SOA's Risk Management Task Force and their Web page, 
www.soa.org/sections/rmtf/rmtf.html. 
 

http://www.soa.org/sections/rmtf/rmtf.html
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References—Fixed and Certain Cash Flows 
 
Reference Level of Difficulty Comments 
Alexander, G., W. Sharpe, and J. Bailey. 1993. 
"Valuation of Risky Securities," Chapter 5, and 
"Bond Portfolio Management," Chapter 14, 
Fundamentals of Investment. Pearson Higher 
Education. 

Basic  

Bierwag, G., G. Kaufman, and C. Latia. 1987.  "Bond 
Portfolio Immunization: Tests of Maturity, One and 
Two-Factor Duration Matching Strategies," The 
Financial Review 22(2): 203-219.  

Intermediate  

Chambers, D., and S. Nawalkha, eds. 1999. "Interest 
Rate Risk Measurement and Management," 
Institutional Investor. May. 

All levels A collection of seminal 
articles in interest rate risk 
management. 

ERisk Web site, www.erisk.com   Good resource. 
Fabozzi, F. 1996. Fixed Income Mathematics: Analytical 
and Statistical Techniques. 3rd ed. McGraw-Hill.  

Basic  

Fabozzi, F. (ed.) 2000. Handbook of Fixed Income 
Securities. 6th ed. Chapter 5. McGraw Hill. 

Basic Has been part of the SOA 
exam syllabus. 

Ho, T. 1990. "Duration," Chapter 6, and "Convexity," 
Chapter 7, in Strategic Fixed-Income Investment, Dow 
Jones-Irwin. 

Basic  

Panjer, H. ed. 1998. Financial Economics: With 
Applications to Investments, Insurance and Pensions. 
Section 3.5. Schaumburg, IL: Actuarial Foundation.  

Intermediate  

Platt, R. ed. 1986. "Use of Duration Analysis for the 
Control of Interest Rate Risk," in Controlling Interest 
Rate Risk: New Techniques and Applications for Money 
Management, Krieger Publishing.   

Intermediate  

Shleifer, A. 2000. Inefficient Markets: An Introduction 
to Behavioral Finance. Oxford University Press. 

Basic  

 

http://www.erisk.com
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References—Interest-sensitive Cash Flows 
 
Reference Level of Difficulty Comments 
Bierwag, G., G. Kaufman, and A. Toevs. 1983. 
"Duration: Its Development and Use in Bond 
Portfolio Management," Financial Analysts Journal 39. 

Intermediate  

Canadian Institute of Actuaries (CIA). 1995. 
"Measurement of Exposure to Interest Rate Risk," 
Ottawa, Ontario: CIA. 

Basic Has been part of the SOA 
exam syllabus. 

Fabozzi, F. (ed.) 2000. Handbook of Fixed Income 
Securities. 6th ed. McGraw Hill.  
 
"Valuation of Bonds with Embedded Options" 
Chapter 36 (5th ed.) Chapter 34  
(6th ed.).  
 
"A Comparison of Methods for Analyzing 
Mortgage-Backed Securities" Chapter 37 (5th ed., not 
in 6th ed.). Chapter 40, "OAS and Effective 
Duration." 

Intermediate 
 
 
Intermediate 
 
 
 
Intermediate 

Has been part of the SOA 
exam syllabus. 
 
 
 

Finnerty, J. 1989. "Measuring the Duration of a 
Floating Rate Bond," The Journal of Portfolio 
Management. Summer: 67-72. 
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