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Abstract
Banks and financial institutions record core banking activities (taking deposits and making
loans) on the balance sheet of the banlung book, but trading book (trading and investment) pursuits are recorded off-balance-sheet. Both books are subject to considerable risk from numerous
sources, but regulatory capital reserves - to shield from unexpected market moves - are not required for the banking book as they are for the trading book. Both of these substantial shortcomings will be addressed in the near future. The 2005 initiation of new global accounting standards
will ensure that trading book derivative fair values are recorded and reported on the balance
sheet while the new Basel accord, due for full implementation in 2007, will regulate the calculation and reservation of capital required for the banking book. These changes are expected to better regulate and manage the transparency of financial institutions' activities and so prevent large
scale economic disasters or deliberate corporate fraud. Institutions not compliant with the new
rules will face severe financial losses, regulatory fines and possible debilitating legal action.
One of the most commonly-used tools for measuring and managing interest rate risk, the
Macaulay duration, has enjoyed almost unchallenged success, but it employs severely restrictive
and unrealistic assumptions which constrain its usefulness and reliability in the rapidly-changing
world of defaultable securities, those with embedded derivatives and instruments with perpetual
maturities. Robust measures which more accurately approximate interest rate risk by relaxing
unrealistic assumptions are required.
Applications which significantly improve the accuracy of the Macaulay duration are considered
as well as a new look at the duration problem in general. The influence of a more accurate duration measure on duration gap provides a significantly improved economic Market Value of Equity. The role of this enhanced measure is crucial for risk management as well as regulatory and
accounting compliance.

Uittreksel
Die kernaktiwiteite van banke en finansiele (die neem van deposito's en toestaan van lenings)
word gereflekteer in die balansstaat in die bankbedrywighede, terwyl die handelsbedrywighede
(handel en investering) nie in die balansstaat opgeteken word nie. Alhoewel beide hierdie
bedrywighede blootgestel is aan aansienlike risiko's vanuit verskillende oorde, word geen regulatoriese kapitaalresenves vereis vir hierdie bedrywighede nie.
Hierdie tekortkoming is egter in proses om die nodige aandag te verkry. Die wereldwye toepassing van nuwe rekenkundige standaarde sal verseker dat waardes van afgeleide instrumente in die
handelsboek billik in die balansstaat gereflekteer en verslag oorgedoen sal word. Betreffende die
bankbedrywighede, word voorsien dat die nuwe Base1 verdrag (implementering 2007) die regulering en berekening van kapitaalvereistes sal orden. Beide hierdie veranderinge sal die deursigtigheid van finansiele instellings se aktiwiteite reguleer en bestuur ten einde grootskaalse ekonomiese rampe of bedrog te voorkom. Instellings wat nie aan die nuwe reels voldoen nie, sal
ernstige verliese, boetes en moontlike regsaksie die hoof moet bied.
Een van die mees suksesvolle en gebruikte meetinstrumente vir die kwantifisering en bestuur
van ren tekoers risiko, is die Macaulay tydsduur. Hierdie maatstaf gebruik egter streng beperkende en onrealistiese aannames wat die bruikbaarheid en betroubaarheid daarvan inperk in 'n
vinnig veranderende omgewing van wanbetaalbare sekuriteite sowel as instrumente met ewigdurende looptye. Meer robuuste maatstawwe waar onrealistiese aannames verslap word, word
benodig om rentekoers risiko met groter akuraatheid te meet.
In hierdie werkstuk word aanpassings voorgestel wat die akkuraatheid van die bestaande
Macaulay tydsduur betekenisvol verbeter. 'n Nuwe beskouing van die tydsduurprobleem in die
algemeen, word aan die leser voorgehou. Verder word die invloed van 'n akkurater tydsduurmaatstaf op die tydsduurgaping en gevolglike wesenlike verbeterde ekonomiese markwaarde
van ekwiteit in hierdie werkstuk aangetoon. Die rol van hierdie verbeterde maatstaf is krities vir
gesonde risiko bestuur sowel as die nakoming van regulatoriese en rekeningkundige vereistes.
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Chapter 1
Introduction
1 . The economic role of banks
Commercial banks play an important role in both the financial system and the economy. As a
key component of the financial system, banks allocate funds from savers to borrowers, provide
specialized financial services and reduce the cost of obtaining information about both savings
and borrowing opportunities. These financial services help to improve the overall efficiency of
the economy. Banks also receive, collect, transfer, pay, exchanges, lend, invest and safeguard
money for their customers. This broader definition includes many other financial institutions that
are not usually thought of as banks, but which nevertheless provide one or more of these
broadly-defined banking services. These institutions include finance companies, investment, insurance and mortgage companies, investment banks, pension funds, security brokers, dealers and
real estate investment trusts (Cull, 2005:72).
The deposit and loan services provided by banks benefit an economy in several ways. Cheque
accounts, because they act like cash, enable the purchase of goods and services and therefore assist both consumers and businesses who would find it inconvenient to transport or transact large
cash amounts. Loans enable consumers to improve standards of living by borrowing money to
purchase goods and services that would otherwise be unaffordable. Loans also assist businesses
finance plant expansion and the production of new goods, and therefore increase employment
and economic growth. Finally, since it is in banks' best interests that loans are repaid timeously
and in full, borrowers are carefully selected and their subsequent creditworthiness closely monitored. In addition, since the owners (stockholders) of a company receiving a loan desire the company to be profitable and be efficiently managed, bankers act as surrogate observers for stockholders who cannot be present on a regular basis to monitor company managers (Bessis, 2002:6).
Because banks attract large amounts of savings from depositors, many loans - to many different
customers in various amounts and for various maturities - are possible. The diversification of
loans by banks is therefore promoted and this in turn reduces a bank's overall risk, encouraging
even more bank deposits and, therefore, even more loans. This financial intermediation (flow of
money from savers through banks to ultimate borrowers) is crucial for the functioning of efficient economies. Understanding, managing and mitigating the risks to which banks are exposed
are, therefore, of widespread concern, not only to bank management but to regulatory bodies and
governments.

1.2 Banking risk
The acceptance and management of financial risk is inherent to the business of banking and
banks' roles as financial intermediaries. To meet customer and community demands and to execute business strategies, banks make loans, purchase securities and take deposits with different
maturities and interest rates. These activities leave a bank's earnings and capital exposed to interest rate risk, or movements in interest rates. Changes in banks' competitive environments, products and services have heightened the importance of prudent interest rate risk management. The
banking interest rate environment

- although relatively stable in the decades following World

War I1 - has now changed as interest rates have become more volatile and banks have become
more exposed to such volatility because of the changing character of their liabilities (Santomero,
1997:llO). Financial products offered and purchased by banks are becoming more various and
complex and many of these pose risk to the bank. Boundaries between financial risks (such as
credit, operational, market and interest rate risk) are becoming increasingly blurred and the disparate risks of yesterday are the inextricably intertwined risks of today (Rosenberg, 2004). The
structure of banks' balance sheets has also changed. Many commercial banks have increased their holdings of long-term assets and liabilities, whose values are highly sensitive to interest rate changes. Such changes mean that managing interest rate risk is far more important and
complex today than it was only a decade ago (de la Torre, 2005: 12).

1.3 Interest rate risk
The risk to earnings or capital arising from movement of interest rates (and which take the form
of credit risk, prepayment risk, default and market risk) is known as banking interest rate risk
(Bessis, 2002: 12). These interest rate risks arise from:
differences between the timing of interest rate changes and timing of the cash flows (repricing risk)
changing rate relationships among yield curves that affect bank activities (basis risk)
changing rate relationships across the maturity spectrum (yield curve risk) and
interest rate-related options embedded in bank products (option risk).
The evaluation of interest rate risk embraces the impact of complex, illiquid hedging strategies or
products and also the potential impact on fee income that is sensitive to changes in interest
rates. The movement of interest rates affects a bank's reported earnings and book capital by
changing the net interest income, the market value of trading accounts (and other instruments

accounted for by market value) and other interest-sensitive income and expenses, such as mortgage servicing fees.
Interest rate changes affect banks' underlying economic value. The value of a bank's assets, liabilities and interest rate related, off-balance sheet contracts are affected by changes in interest
rates because the present value of future cash flows (and in some cases, the cash flows themselves) are altered. In banks that manage trading activities separately, the exposure of earnings and capital to those activities - because of changes in market factors - is known as price
risk. Price risk (the risk to earnings or capital arising from changes in the value of portfolios of
financial instruments) arises from market-making, dealing, and position-taking activities for interest rate, foreign exchange, equity, and commodity markets. The same fundamental principles
of risk management apply to both interest rate risk and price risk (Thomas and Wang, 2004:305).
Each financial transaction may affect a bank's interest rate risk profile. Banks differ, however, in
the level and degree of interest rate risk they are willing to assume. Some banks seek to minimize their interest rate risk exposure, generally not deliberately taking positions to benefit from a
particular movement in interest rates. Rather, they try to match the maturities and repricing dates
of their assets and liabilities. Other banks are willing to assume greater levels of interest rate risk
and may choose to take interest rate positions or to leave them open. Some banks have attempted
to centralise the management of interest rate risk and restrict position-taking to certain 'discretionary portfolios' such as their money market, investment and fixed income portfolios. These
banks often use a funds transfer pricing system to isolate the interest rate risk management and
positioning in the treasury unit of the bank (Thomas and Wang, 2004:307).
More decentralised approaches are sometimes followed, allowing banks' individual profit centres
or business lines to manage and take positions within specified limits (Cebenoyan and Strahan,
2004:32). Some banks choose to confine their interest rate risk positioning to trading activities.
Others may choose to take or leave open interest rate positions in non-trading books and activities. A bank may alter its interest rate risk exposure by changing investment, lending, funding,
and pricing strategies and by managing the maturities and repricing of these portfolios to achieve
a desired risk profile. Many banks also use off-balance-sheet derivatives, such as interest rate
swaps, to adjust their interest rate risk profile (Cebenoyan and Strahan, 2004:33).
For banks funded mainly by short-term liabilities, interest rate increases may decrease net interest income at the same time credit quality problems are increasing. When developing a bank's
interest rate risk strategy, consideration must be given to liquidity and the ability to access various funding and derivative markets. Banks with ample and stable sources of liquidity may be
more able to withstand short-term earnings pressures arising from adverse interest rate move-
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ments than those that are heavily dependent on wholesale, short-term funding sources that may
cease if earnings deteriorate. Banks that depend solely on wholesale funding may have difficulty
replacing existing funds or obtaining additional funds if it has an increasing number of nonperforming loans. The ready access of various money and derivatives markets may allow banks
to be better able to respond to changing market conditions than those that rely on customerdriven portfolios to alter their interest rate risk positions (Cebenoyan and Strahan, 2004:34).
The nature and complexity of bank's business activities and overall levels of risk determine the
sophistication of interest rate risk management. Every well-managed bank, however, will have
a process that enables bank management to identify, measure, monitor, and control interest rate
risk in a timely and comprehensive manner. The adequacy and effectiveness of a bank's interest
rate risk management are important factors in the determination of a bank's level of interest rate
risk exposure as the lack thereof poses supervisory concerns or may require additional capital.

1.4 Management of interest rate risk
Interest rates remain key generators of bank profit, and as such the management of interest rate
risk cannot be underestimated.
Banks have access to a wide array of financial tools for managing their interest rate risk, such as
standard asset-liability management procedures and interest rate derivatives. Banks commonly
use one of two approaches when assessing aggregate interest rate risk exposures across their
various business lines and portfolios - the traditional earnings approach and the economic value
approach. The earnings approach focuses on how interest rate changes affect a bank's overall
earnings, which are typically measured as net interest income (the difference between total interest income and total interest expenses). Broader measures that include non-interest income, such
as revenue from mortgage servicing activities and expenses have also become more common.
This approach examines earnings sensitivity to interest rate fluctuations of different magnitudes
(Koch and MacDonald, 2000: 186).
The economic value approach offers a longer-term perspective on interest rate risk, taking into
account all future cash flows generated from a bank's banking book positions. This perspective
focuses on how the economic value of all bank assets, liabilities, and interest rate-related, offbalance sheet instruments change with movements in interest rates (Risk Institute, 2005).
Techniques for measuring and managing interest rate risk (as a market risk) have enjoyed decades of relatively unchallenged success in the market place. Credit and operational risk have now
begun to attract the attention of quantitative researchers and risk-modellers as corporate accounting scandals and interest rate risk volatility have surged and the deadline for full and final corn4

pliance with the new Base1 accord regulations draws closer (in 2007). Small incremental interest
rate changes over the past year (2004) in the US, UK and Australasia, have done little to cool
their over-stretched and over-borrowed economies - fuelled by cheap money and record low interest rates. It is now widely believed that this cannot be sustained and some form of 'correction'
is considered inevitable (Miller, 2004). The need for a strategic interest rate management tool
that is robust, reliable, accurate and integrates well (on an operational level) with other more
'fashionable' risks has never been greater.
One of the most popular interest rate risk sensitivity measures - the Macaulay duration - is now
in its eighth decade of use and has remained remarkably robust despite its application to an ever
more complex set of instruments for which it was never originally intended. For example, the
Macaulay duration is increasingly unable to cope with financial instruments that suffer the possibility of default. As a result, accurate estimation of price changes for instruments with credit risk
is severely obstructed. The burgeoning use of interest rate derivatives embedded in fixed income
instruments has also eroded its validity as it is unable to deal with instruments which may be put
or called at some time before maturity. It also cannot adequately measure the inherent risk in instruments of perpetual maturity (such as deposit accounts). The numerous assumptions required
to justify its use have come under increased criticism recently as the stochastic nature of interest
rates, credit (default) events and the exercising of optionality have become better understood (see
for example: Fons, 1990; Babbel et al, 1997; Duffie and Singleton, 1999; Fisher, 2004 and
Rosenberg, 2004).
There are no indications that interest in or use of the Macaulay duration (which remains widely
used) shows any signs of abating. As a risk measure for instruments whose value inherently depends on an underlying yield curve, it enjoys relatively unrivalled success. It is a relatively
straightfonvard concept1 and is easily implemented and applied to both individual instruments
and portfolios of instruments. It has survived, virtually unchanged and unchallenged, since its
introduction in 1938 (Macaulay, 1938:27). But it is this very immutability that cemented the
Macaulay duration firmly into the interest rate risk management arena that has now begun to
threaten its survival (Eom et al, 2002).
The financial world of 1938 is vastly different to the one ushered in by the new millennium.
Tools that were fashionable and reliable in the 1930's must be altered and adapted if they are unable to cope with the highly-evolved, inter-connected and complex contemporary financial environment and discarded completely if these modifications do not yield satisfactory results. The
1

As with most mathematical concepts in finance, however, both its use and implementation are easily and often
misunderstood.

Macaulay duration has undergone only relatively minor adaptations to date; the majority of these
have been appended to the existing mathematical infrastructure thereby leaving the original exposition virtually unaltered. Whilst many add-on features have enjoyed varying degrees of success, some underlying requirements of the Macaulay duration - such as the assumption of a flat
yield curve - are proving increasingly untenable.

1.5 Problem statement and aims of study
New accounting standards (IAS 39 in January 2005) will soon force financial institutions to account for all derivatives in fair-value terms. New regulatory rules (the new Base1 accord in January 2007) will compel banks to determine reserve and maintain regulatory capital for banking
book interest rate risk. An increased emphasis on accurate measurement, understanding and interpretation of interest rate risk will inevitably follow. Although still widely used, the Macaulay
duration - in its current form - is unable to process interest rate risk associated with embedded
optionality (now an almost standard feature of fixed income instruments), credit events (as it
plays an ever-increasing role in the fragile and volatile market post Enron (The Economist, 2001)
and WorldCom (The Economist, 2002)), and perpetual maturity (such as a bank's deposit book).
A persistent and obdurate problem remains its inadequacy in the accurate forecasting of price
changes when large interest rate movements occur (partially rectified by the tedious and complicated convexity correction). It has become clear that the Macaulay duration must either be considerably adapted or discarded completely in favour of a more robust measure.
The major aims of this thesis are to:
1. undertake a literature study of the present academic and practical status of interest rate
risk research, and establish the role of the Macaulay duration in this context,
2. provide a background of the historical and mathematical basis of the Macaulay duration
measure,

3. review the current application of the Macaulay duration to fixed income securities and
seek alternative applications in the light of the changing regulatory and accounting standards
4. explore the possibility of adjustments to the existing Macaulay duration to take account
of defaultable, option-embedded and perpetual maturity instruments' price changes for
given interest rate changes,

5. implement and test these adjustments empirically on historical South African data. The
results derived from these investigations will be evaluated according to their success in

the accurate estimation of instrument and portfolio price movements (themselves due to
underlying yield curve movements which affect probabilities of default andlor the probability of the exercising of optionality),

6. develop alternative measures of duration, both mathematical and practical, which allow
for, inter alia, non-parallel movements in the yield curve. The Macaulay duration alternatives will be evaluated according to their success in the accurate estimation of fixed income price movements due to actual changes in the entire yield curve,
7. develop an improved DGap from an economic standpoint using the new duration measures and ascertain through testing the efficacy of this economic DGap on the observed
Market Value of Equity,
8. indicate the shortcomings of the current duration measure and emphasise the practical

benefits to be derived from new definitions of duration or modifications to the existing
Macaulay duration and
9. illuminate the advantages of the new duration measures to financial practitioners in the

light of contemporary regulatory requirements.
The above will be placed in the context of alleviating problems associated with the calculation of
an economic perspective duration gap. Where possible, practical examples will be used and contextualised in the light of the new accounting (IAS 39) and regulatory (Basel) standards.

1.6 Thesis outline
The Macaulay duration plays an arguably integral part in the many ways to characterize measure
and manage interest rate risk. It is used extensively in duration gap analysis, in simulation studies, for hedging and immunisation of portfolios comprising fixed income instruments and has
proved to be remarkably robust as an interest rate sensitivity measure. The Macaulay duration
suffers severe problems which are now becoming more apparent and difficult to ignore.
This thesis examines various duration measures as instruments for strategic interest rate risk
management of a bank, and aims to - if not solve - at least address inherent problems associated
with it, contextualize these and point future research in promising directions. The remainder of
this thesis is structured as follows:
Chapter 2 sets the scene for the investigation covering aspects of interest rate risk only mentioned in passing in this introductory chapter. The importance of new, soon to be introduced, accounting standards and regulatory guidelines are also examined. The launch of both of these
changes will herald renewed concern about the deficiencies of existing interest rate risk measures

and will force institutions to examine both trading and banking book interest rate risk far more
closely. The significance of the work conducted is reviewed in the context of the new standards.
The Macaulay duration concept is introduced in Chapter 3. The origins of the measure, its subsequent development and inclusion into the banking and financial world in general are explored
here. The measure is examined mathematically and the concept of convexity as a second order
correction factor is introduced and evaluated. Whilst these concepts are not new, they provide
crucial information to the understanding of the remainder of the thesis. Assumptions employed
by the Macaulay duration are examined and subtleties are explored including the measures' limitations and failures. Misunderstandings about duration as an elasticity measure are discussed and
portfolio immunisation as a fundamental use is also presented and briefly contextualized here.
Interest rate risk in the banking and trading books is explored in detail in Chapter 4. Risk measurement, monitoring, reporting and control techniques are presented. Distinction between earnings and economic value of a bank - and the role of duration and duration gap in both

- is dis-

cussed. Interest rate risk models in common use are presented and the regulatory viewpoint is
revisited. Shortcomings of the Macaulay duration are examined.
Interest rate sensitivity of financial instruments that are default prone, have embedded optionality
or do not mature (i.e., have a perpetual maturity) are not well-described by the Macaulay duration, but recent mathematical advances allow deeper exploration of these now-ubiquitous features. Chapter 5 examines these shortcomings from an application viewpoint and attempts to address them by allowing adjustments to be made to the existing infrastructure.
Many definitions of duration exist, of which the Macaulay duration is arguably the simplest, but
not necessarily the best. The yield curve does not shift, for example, in a simple 'parallel' manner, rather, it undergoes stochastic shape changes. If a parameter or parameters can be found that
influence the shape of the entire yield curve in a way that is characteristic of observed yield
curve changes, duration may be redefined as a rate of change of price with respect to these parameters. Other measures of duration suggested by prominent authors in the 19801s,but never
explored further until very recently, are now enjoying some prominence - particularly in the
South African market. These descriptions of duration, although not novel, are examined in Chapter 6. The application of the successful models to the measurement and management of interest
rate risk - particularly in the potential construction of an improved DGap measure - is also considered from a regulatory viewpoint.
A summary and discussion of the results of this study concludes the thesis in Chapter 7, followed
by Appendices A through D and a list of references used in the text.

Chapter 2

Bank risk
2.1

Introduction

A broad overview of banking risk and interest rate risk in particular was briefly introduced in the
previous chapter. The measurement and management of interest rate risk is of paramount importance to any bank wishing to preserve shareholder value and generate profit margins. This chapter discusses bank risk in general and elucidates all of the various risks to which banks are exposed. Interest rates, movements in interest rates and risks associated with these movements are
also explored. The different ways in which interest rate risk is made manifest (and hence managed) in the treasury and the trading books are presented in preparation for a more comprehensive overview in Chapter 4.

2.2

Banking risks

Banking risks are defined (Bessis, 2002:7) as those which have the potential to adversely impact
the bank's profitability (both accounting and mark-to-market measures). Several distinct sources
of uncertainty give rise to these risks. Risk measurement involves the monitoring of the source of
this uncertainty and the management of the magnitude of the potential adverse effect on profitability. Since the chief focus of this thesis is interest rate risk, other bank risks will be only cursorily defined. A schematic representation of these risks is summarised in Figure 2.1 below.
Figure 2.1. Main components of bank risk.

Market

Foreign exchange

Banking risks

Liquidity

Other: including settlement, country, performance.. .

Interest
rate risk

(Adapted from Bessis, 2002:8)
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The measurement and management of the highlighted risk - interest rate risk - is the principal
focus of this thesis.

2.2.1 Credit risk
Credit risk (Cull, 200551) refers to the possibility that a borrower will fail to service or repay a
debt timeously. The degree of risk is reflected in the borrower's credit rating, which defines the
premium over the riskless borrowing rate it pays for funds and ultimately the market price of its
debt. Credit risk has two variables: market and firm-specific risk. Credit derivatives allow users
to isolate, price and trade firm-specific credit risk by unbundling debt instruments into component parts and transferring each risk to those best suited or most interested in managing it. There
are various traditional mechanisms to reduce credit risk including refusal to grant a loan, insurance products, guarantees and letters of credit, but these mechanisms are less effective during
periods of economic downturn when risks that normally offset each other simultaneously default
and financial institutions suffer substantial loan losses (Cull, 2005:77).

2.2.2 Market risk
Market risk (Bessis, 2002:7) is the risk of loss arising from movements in market variables, including observable variables such as interest and exchange rates and equity prices and others
which may be only indirectly observable such as volatilities and correlations. The risk of price
movements on securities and other tradable obligations, resulting from general credit and country
risk factors and events specific to individual issuers, is also considered market risk.
Market risk is incurred primarily through trading activities and it arises from market-making,
facilitation of bank client business and proprietary positions in equities, fixed income and interest rate products, foreign exchange and, to a lesser extent, precious metals and energy (Bessis,
2002:8). Market risk is managed with a short-term focus. Long-term losses are avoided by attempting to prevent losses from one day to the next. On a tactical level, traders and portfolio
managers employ a variety of risk metrics, the Greeks and

a for example - to assess exposures.

These allow for the identification and reduction of excessive exposures.
On a strategic level, banks manage market risk by applying risk limits to traders' or portfolio
~ to define and monitor these limits. Scemanagers' activities. Increasingly, Value at ~ i s isk used
nario generation and stress testing may also be applied to determine market risk (Jorion,
2001: 155).
2

A technique used to estimate the probability of portfolio losses based on the statistical analysis of historical price
trends and volatilities (Jorion, 2001). VaR is commonly used by banks, security firms, and companies that are involved in trading energy and other commodities.

2.2.3 Operational risk
Although the definitions of market risk and credit risk are relatively clear, the definition of operational risk has evolved rapidly over the past few years. At first, it was commonly defined

(BIS, 2001) as every type of unquantifiable risk faced by a bank. However, further analysis has
refined the definition considerably. Operational risk may be defined as the risk of monetary
losses resulting from inadequate or failed internal processes, people, and systems or from external events (BIS, 2001).
Losses from external events, such as a natural disaster that damages a firm's physical assets or
electrical or telecommunications failures that disrupt business, are relatively easier to define than
losses from internal problems, such as employee fraud and product flaws. Because the risks from
internal problems will be closely tied to a bank's specific products and business lines, they
should be more firm-specific than the risks due to external events.

2.2.4 Liquidity risk
Liquidity risk (Bangia et al, 1999:69) is financial risk due to uncertain liquidity. An institution
might lose liquidity if its credit rating falls, it experiences sudden unexpected cash outflows, or
some other event causes counterparties to avoid trading with or lending to the institution. A firm
is also exposed to liquidity risk if markets on which it depends are subject to loss of liquidity
(Gibson and Mougeot, 2004: 159).
Liquidity risk is an emerging topic in the financial risk world. Adequate liquidity management is
crucial as liquidity risk can compound the consequences of other risks. In particular, the effects
of credit risk and market risk complications are multiplied when combined with liquidity risk.
Conversely, other risks can lead to liquidity risk. For example, credit risk can cause funding
problems if counterparties default. The bank in question may be deprived of cash earmarked for
current operating expenses and liabilities (Bangia et al, 1998).
To manage liquidity risk, banks must be diligent in monitoring potential liquidity. Essential steps
include closely noting cash flow, diversifying funding sources and ensuring quick access to liquid assets. Liquidity risk should be estimated under potential stressed market conditions. Stresstesting a portfolio of assets can prepare a firm for possible liquidity problems (Bangia et al,
1999:71).

2.2.4.1

Exogenous liquidity risk

Exogenous liquidity risk is the result of market characteristics; it is common to all market players
and unaffected by the actions of any one participant (Bangia et al, 1999:71). In response to a

market shock (and the resultant loss of predictability), a vicious cycle with a corresponding loss
of liquidity is initiated. The perceived need to hold larger prudential reserves in situations of
greater uncertainty along with reduced liquidity and leverage may not break the self-reinforcing
dynamics of market dislocations. Exogenous liquidity can be affected by the joint action of all or
almost all market participants as occurred in several markets in the summer of 1998 (Lowenstein, 2001:llO). The market for liquid securities, such as G7 currencies, is typically characterized by heavy trading volumes, stable and small bid-ask spreads, stable and high levels of quote
depth. Liquidity costs may be negligible for such positions when marking to market provides a
proper liquidation value. In contrast, markets in emerging currencies or thinly traded junk bonds
are illiquid and are characterized by high volatilities of spread, quote depth and trading volume.

2.2.4.2

Endogenous liquidity risk

Endogenous liquidity risk in contrast, is specific to the position in the market and varies across
market participants (Bangia et all 1998:71). The exposure of any one participant is affected by
the actions of that participant. It is mainly driven by the size of the position: the larger the size,
the greater the endogenous illiquidity. If the market order to buylsell is smaller than the volume
available in the market at the quote, then the order transacts at the quote. In this case the market
impact cost, defined as the cost of immediate execution, will be half of the bid-ask spread. If the
size of the order exceeds the quote depth, the cost of market impact will be higher than the halfspread. The difference between the total market impact and half-spread is called the incremental
market cost, and constitutes the endogenous liquidity component (Gibson and Mougeot,
2004: 164).

2.2.5 Country risk
Country risk refers to the potential volatility of foreign shares, or the potential default of foreign
government bonds, due to political and/or financial events in the given country (Moshirian,
2004:272).

2.2.6 Foreign exchange risk
Foreign exchange risk (Bessis, 2002:ll) is the risk that the value of an asset or liability will
change because of a change in exchange rates. Because these international obligations span different time zones, foreign exchange risk can arise. This risk is made manifest in three important
ways:

2.2.6.1

Transaction Exposure

The risk that the domestic cost or proceeds of a transaction may change.

2.2.6.2

Translation Exposure

The risk that the translation of value of foreign-currency-denominated assets is affected by exchange rate changes.

2.2.6.3

Economic Exposure

The risk that exchange rate changes may affect the present value of future income streams
(Moshirian, 2004:272).

2.2.7 Interest rate risk
Interest rate risk (Choi and Elyasiani, 1996:268) is identified as the risk that a bank will experience a deterioration in its financial position as interest rates move over time. Banks and regulators typically split interest rate risk into two components: traded interest rate risk and nontraded interest rate risk (the latter is often referred to as interest rate risk on the balance sheet
or in the banking book (Kerkhof and Melenberg, 2004:1853). Both refer to the potential impact
of adverse interest rate market movements; the difference lies in terms of where that impact occurs.
2.2.7.1

Traded interest rate risk

Traded interest rate risk is relevant to a bank involved in trading activities and affects, for example, the market value of that a bank's positions in traded interest rate securities, such as government bonds and traded interest rate swaps. Traded interest rate risk is considered a market risk
and its measurement and management are therefore governed by the regulatory rules specified in
the original Base1 accord. These are discussed in Chapter 4.
2.2.7.2

Non-traded interest rate risk

Non-traded, treasury or banking book interest rate risk arises from a bank's core banking activities (deposits and loans). The main source of this type of interest rate risk is repricing risk, which
reflects the fact that a bank's assets and liabilities are of different maturities and are priced off
different interest rates (Kerkhof and Melenberg, 2004: 1851)).
The systems and processes by which a bank identifies and measures risk should be appropriate to
the nature and complexity of the bank's operations. Such systems must provide adequate, timely,
and accurate information if the bank is to identify and control interest rate risk exposures. Interest rate risk may arise from a variety of sources, and measurement systems vary in
how thoroughly they capture each type of interest rate exposure. The nature and mix of a bank's
products and activities allow it to establish the measurement system that is most appropriate. A
bank's business mix and the risk characteristics of these businesses must be understood before a
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bank attempts to identify the major sources of its interest rate risk exposure and the relative contribution of each source to the overall interest rate risk profile. Various risk measurement systems may then be evaluated by how well they identify and quantify the bank's major sources of
interest rate risk (Fisher, 2004:30).
The manifestation of interest rate risk, specifically within the two books of the bank, is considered in the next section.

2.3 Banking versus trading books
In a well functioning risk management system, banks broadly position their balance sheet into
banking and trading books. The main difference between these two segments is that the 'buy and
hold' philosophy prevails for the banking book, contrasting with the trading philosophy of capital
markets and it is this (and other) differences between the two books that underlies the rationale
for their separation.

2.3.1 The banking book
The banking book is the repository for most conventional banking transactions (loans and deposits). The banking book comprises assets and liabilities, which are contracted basically on account
of relationship or for steady income and statutory obligations and are generally held till maturity.
Accounting rules for the banking book use accrual accounting of revenues and costs, and rely
almost entirely on book values for assets and liabilities.
Asset and liability management applies to the banking portfolio and focuses on both interest and
liquidity risks. All assets and liabilities generate accrued revenues and costs - a large fraction of
which are interest rate driven. Maturity mismatches between assets and liabilities result in fund
excesses or deficits. These mismatches exist in the banking book balance sheet. Financial transactions in capital markets manage such mismatches between commercial assets and liabilities
through investment of excess funds or in long-term debt. Whilst the asset side of the banking
book also generates credit risk (in addition to interest rate risk), the liability side does not since
lenders and depositors are at risk with the bank itself. No market risk is associated with the banking book (Uyemura and van Deventer, 1992).

2.3.2 The trading book
The trading book is a proprietary portfolio for financial instruments held by an institution in its
capacity as a dealer. Assets in the trading book are held primarily for generating profit on shortterm differences in priceslyields. Market transactions, therefore, are not subject to the same management rules as those in the banking portfolio - since the turnover of tradable positions is vastly

accelerated in the trading portfolio. Earning are profits and losses equal to changes in the markto-market values of traded instruments.
The trading portfolio generates market risk

-

broadly defined (Jorion, 2001:145) as the risk of

adverse changes in market values over a given liquidation period - and market liquidity risk (the
risk that the transaction volume narrows to such an extent that price movements are triggered by
trades themselves). Many market transactions involve non-tradable instruments, often over the
counter derivative instruments such as swaps or options, some of which might have long maturities (Jorion, 2001: 141).
This section presented the gamut of contemporary risks faced by banks and concentrated on one
particular risk - interest rate risk - as a key risk that banks must manage. The manner in which
this interest rate risk is managed and measured is different in the banking and trading books (in
both manifestation and regulatory treatment) and forms the backbone of this thesis.
The important role of regulatory rules and the speed at which these are changing in the current
environment is considered in the following section.

2.4 Regulations governing interest rate risk
The financial world is changing more rapidly today than it has at any other time in the past. This
is due to a multitude of factors such as decreasing profit margins from traditional investment vehicles, heightened global awareness of trading possibilities (e.g., over the internet), record-low
international interest rates (2004-5), the emergence of China as a global financial participant, the
decline of the US dollar as the budget deficit widens, amplified mathematical complexity and
understanding of financial instruments and the ever-increasing computerisation of the trading
function itself (The Economist, 2004). Associated with this vastly augmented participation in the
marketplace has been a highly electronic, yet potentially detached and impassive approach to the
important role of the profit quest. Computers monitor and alert traders to bargains or arbitrage
opportunities on a world-wide scale with disarming accuracy. The global nature of modern computing, however, allows all participants to share the same speed of processing data and information so arbitrage opportunities close almost as quickly as they open. Elaborately-constructed financial instruments (designed to squeeze unexploited opportunities for smaller and smaller profits) and clever accounting adaptations (constructed to obscure information - often illegally) have
burgeoned (Kerkhof and Melenberg, 2004: 1860).
The past decade (1995

-

2005) has witnessed this greatly accelerated and complex market

flooded by participants eager for profit, but often unenthusiastic about education, protocol and
regulation. Regulatory authorities struggled to keep up with the shifting financial environment
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and, although far from idle, had not addressed several glaring gaps in directives aimed at reducing risk. Calamitous consequences were - and remain - inevitable. It became apparent that pricing and risk management of financial instruments were both often little-understood. Existing risk
management techniques, which had performed admirably in the undemanding past, were now
becoming obsolete and unable to contend with the new financial complexity. Far from delivering
never-ending profits, resourceful accounting techniques precipitated first an enormous loss of
wealth (Enron (The Economist, 2001) and Worldcom (The Economist, 2002) in the US and Parmalat in Italy (Accountancy Age, 2005), to name but three such incidents) and then a bout of
regulatory activity. Authorities were hurriedly mobilised to seal leaks in what had become an
unacceptably dangerous environment. Having endured the consequences of years of regulatory
neglect, the financial world will (January 2005 through 2007 and beyond) be forced to comply
with directives that significantly enhance investor confidence by reducing rnispricing and improving transparency in both risk management and financial reporting (Bauer and Ryser,
2004:344).
There are two key differences in the way interest rate risk is dealt with (one from an accounting
viewpoint and one from a regulatory viewpoint) in the trading and banking books:
Adequate capital is required, at present, only for traded interest rate risk in the trading
book3, but this will change in 2007, when both books will be required to make provision
for capital reserves.
Loans and deposits are reflected on the balance sheet of the banking book, whilst all
traded derivative instruments were recorded 'off balance sheet'. This changed in January
2005 with the introduction of new accounting standards4 which now require traded derivative instruments to be recorded at fair value, 'on balance sheet'.
The next section tracks, inter alia, the development of the regulatory milieu both pre- and post
the period 2003

-

2007 and discusses the significant and sweeping changes that have trans-

formed (and will attend transformations in) the trading and banking books of financial institutions. The ramifications of the research and results - presented in this thesis - will be argued in
the light of these developments in Chapters 5 and 6.

2.4.1 Regulatory standards
Interest rate risk has historically been associated primarily with financial products held in the
trading books of banks. However, in the current (2005) environment, it is recognized that the

4

The quantity of capital is governed by the Base1 Accords - see Section 2.4.1.
See Section 2.4.2.
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majority of the interest rate risk incurred by banks is in fact based in the banking book. These
risks arise from products such as guaranteed deposits and mortgages (om, 2005).
Low interest rate environments, such as those recently experienced, are conducive to banks generating profits by assuming interest rate risk. Value is created when long-dated loans are funded
by short-term obligations, but problems arise when short-term interest rates rise, thereby compressing the 'spread' that banks earn between their assets and liabilities. Interest rate risk is a potential source of systemic risk to the financial system unless it is adequately measured and contained by banks.
2.4.1.1

Capital adequacy

Capital adequacy currently refers (BIS, 1988) specifically to the market risk aspect of interest
rate risk, or the interest rate risk associated with the trading book and it is one of the most important outcomes of any regulatory review or audit. Reserves lodged with central banks earn no interest: banks therefore strive for the best reviews possible. Current requirements for market
Value at Risk are stringent even in a best case scenario, but reserves increase with increasing
bank 'riskiness'. These requirements and regulatory concerns are addressed in this section.
Regulators expect all banks to maintain adequate capital for the risks they undertake. The regulator's risk-based and leverage capital standards establish minimum capital thresholds that all
banks must meet. Many banks may need capital above these minimum standards to adequately
cover their activities and aggregate risk profile. When determining the appropriate level of capital, bank management considers the level of current and potential risks its activities pose and the
quality of its risk management processes. Regulators also evaluate whether banks have an earnings and capital base that is sufficient to support their level of short- and long-term interest rate
risk exposures and the risk those exposures may pose to their future financial performance
(Peura and Jokivuolle, 2004: 1819). The following factors are also considered:
The strength and stability of a bank's earnings stream and the level of income a bank
needs to generate and maintain normal business operations. A high level of exposure is
one that could, under a reasonable range of interest rate scenarios, result in a bank reporting
losses or curtailing normal dividend and business operations. In such cases, bank management must ensure that it has the capital and liquidity to withstand the possible adverse impact of such events until it can implement corrective action, such as reducing exposures or
increasing capital (Kerkhof and Melenberg, 2004: 1853).
The level of current and potential depreciation in a bank's underlying economic value
due to changes in interest rates. If a bank has significant unrealized losses in its assets be-

cause of interest rate changes (e.g., depreciation in its investment or loan portfolios), the
regulators evaluates the impact such depreciation would have (if recognized) on the bank's
capital levels and ratios. In making this evaluation, regulators consider the degree to which
the bank's liabilities or off-balance sheet positions may offset the asset depreciation. Such
offsets may include non-maturity deposits that bank management can demonstrate represent
a stable source of fixed rate funding. Alternatively, a bank may have entered into an interest
rate swap contract enabling it to pay a fixed interest rate and receive a floating interest rate.
This type of swap contract essentially transforms a bank's floating rate liabilities into a fixed
rate source of funds (Hess and Laisathit, 1997:141).
Regulators consider banks to have a high level of exposure if their current or potential
change in economic value (based on a reasonable interest rate forecast) would result in capital ratios falling below the 'adequately capitalized' level for prompt, corrective action purposes. This situation often requires additional supervisory attention. At a minimum, bank
management should have in place contingency plans for reducing exposures, raising additional capital, or both (Peura and Jokivuolle, 2004: 1820).

Bank's exposure to other risks that may impair capital. Consideration must be given to
the entire risk profile of a bank relative to its capital.
The regulatory attitude to interest rate risk continues to evolve, with constant input from practitioners 'in the field' and is thus a fluid, highly adaptable and unbounded set of guidelines. The
next section traces the evolution of both relevant accounting standards and the Base1 accords,
both of which are central to the soon to be adopted (2005 through 2007) alterations to the way in
which banks conduct business.
2.4.1.2

Overview of the Basel accords

As financial complexity has increased, so the management of interest rate risk has attracted more
and more attention of regulatory bodies. The direct and measured result of this regulation is reflected in a bank's capital adequacy, currently governed by the Base1 accord of 1988 ('Principles
for the Management of Interest Rate Risk') and composed by the Base1 Committee on Banking
Supervision (BIS, 1988). The original Base1 accord, agreed upon in 1988, strengthened the
soundness and stability of the international banking system as a result of higher capital ratio requirements. A second accord, the new Base1 accord, which has been drafted, discussed, revised
and finalised, is essentially a revised version of the original (1988). The new accord, which is
due for implementation in January 2007, strongly emphasizes the need for sophisticated risk
management methods and tools in the area of asset and liability management. The revision aims

to make the 1988 framework more risk sensitive and representative of modern banks' risk management practices (BIS, 2004). Banks not only need to implement these new Basel requirements,
but also require skilled resources and sophisticated tools to cope with an increasing complexity
in financial markets.
This revised capital adequacy framework will further reduce the probability of consumer loss or
market disruption as a result of prudential failure. It will do so by seeking to ensure that the financial resources held by a bank are commensurate with the risks associated with the business
profile and the control environment within the bank. There are four main components to the new
framework:
it is more sensitive to the risks that face financial institutions,
it includes an explicit measure for operational risk and includes more risk sensitive risk

weightings against credit risk,
it reflects improvements in financial institutions' risk management practices by the introduction of the internal ratings based approach that allows institutions to rely on their own
risk estimates and
it provides incentives to improve risk management practices, with more risk sensitive risk
weights as firms adopt more sophisticated approaches to risk management.
The new Basel accord, which will directly affect banks and building societies and certain types
of investment firms, rests on three mutually reinforcing pillars: (1) minimum capital requirements, (2) supervisory review, and (3) market discipline - see Figure 2.2.
Pillar 1 outlines the calculation procedures of the capital requirements for banking organizations.
Under Basel I, the minimum required capital ratio (set at 8%) is calculated as the regulatory capital divided by the risk exposure (measured by the risk-weighted assets). The difference under the
new Basel accord will be that the risk exposure will be evaluated as the total of the credit risk,
market risk, and operational risk exposure of the bank, where more refined measures will be incorporated to calculate credit and operational risk.
Pillar 2 addresses the supervisory review process in ensuring sound capital management and
comprehensive assessment of the risks and the capital adequacy of the banking institutions. This
pillar seeks to increase the transparency and accountability of the banking system and to a large
extent has already been incorporated in the United States.
Pillar 3 aims at improving market discipline by requiring banks to publicly disclose key information regarding their risk exposures and capital positions. Because the new Base1 accord gives
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banking institutions greater discretion in calculating their own capital requirements, it is anticipated that the disclosure statements will allow market participants to better assess the safety and
soundness of the banking environment and thus exert stronger market discipline.
Figure 2.2. The new capital adequacy framework of the new Basel accord.
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The new Base1 accord will include three options for measuring credit risk and another three options for measuring operational risk. The options for calculating credit risk are the standardized
approach and two internal ratings-based approaches - the foundation approach and the advanced
approach (BIS, 2004). The standardized approach is similar to the approach currently used for
categorizing bank assets according to their risk and then weighing them using fixed weights. Under the internal ratings-based approaches, banks will evaluate key elements of credit risk: the
probability of default, the loss given default, the exposure at default, and the remaining maturity
of the exposure. Under the foundation approach, banks will estimate the probability of default of
their loans, but the regulators will provide the other measures. Finally, under the advanced approach, banks will calculate all key elements of their credit risk exposures (Tikam, 2005).
At present, South Africa's supervisory regime (the Bank Supervision Department of the South
African Reserve Bank - SARB) requires that banks hold capital against the interest rate risk arising from taking trading positions in interest rate markets (i.e., interest rate risk inherent in banks'
trading books). Banks are not, at present, required to hold capital against interest rate risk in the
banking book. This will change going forward, however, as the new accord provides, inter alia,
the SARB and other national banking supervisors with the discretion to require capital to be held
against interest rate risk in the banking book. The Basel Committee is of the opinion that interest
rate risk in a bank's balance sheet is a potentially significant risk and must be incorporated into
the capital framework. Interest rate risk in the banking book will be dealt with under Pillar 2 of
the new accord (SARB, 2005).
The proposed new accord recognises banks' internal systems as the principal tool for monitoring
risk. Where bank's own internal systems are not appropriate, a prescribed method for calculating
this capital charge is proposed. Each method, own or prescribed, will require a bank to determine
the potential decline in the net present value of future cash flows (i.e., the bank's economic value
or market value of equity) if its balance sheet were subjected to an interest rate shock - taking
the form of a yield curve shift based on either a specified parallel shift or a statistical approach
using a specified confidence interval, holding period and observation period. From these results,
the regulator can determine whether the bank should reduce its risk profile andlor hold additional
capital against the interest rate risk which it is running on the balance sheet (SARB, 2005 and
IAS Board, 2004:32).
Traditionally, regulatory attention to interest rate risk has focused on the trading book. As a result, there has been insufficient guidance regarding policies and procedures for dealing with interest rate risk in the banking book (om, 2005). The new Base1 accord's ALM rules focus on 14

principles of which 13 are applicable independent of whether the positions are part of the trading
book or reflect the banks' non-trading activities (BIS, 2004).
Accounting standards - which historically only affected the banking book since traded instruments were recorded 'off balance sheet' - have also undergone significant revision in the light of
the recent accounting scandals at Enron (The Economist, 2001) and Parmalat (Accountancy Age,
2005). These new changes - which require that all instruments move from 'off to 'on' the balance
sheet and all derivative instruments5 are recorded at fair value - will have a significant impact on
the interest rate risk milieu and are introduced in the next section.

2.4.2 Accounting standards
Accounting rules for banks in the European Union (IAS Board, 2004) distinguished between financial instruments held for trading purposes (in the trading book) and those intended to be held
to maturity (in the banking book) up until December 2004. Instruments held in the trading book
were valued at market (fair value) prices. A profit or loss arising from the revaluation of trading
book instruments was recognised in the profit and loss account. The accounting rules for the
trading book thereby takes all market risks (i.e., price risk, interest rate risk, foreign exchange
risk and liquidity risk) into account. Banking book instruments, by contrast, were recorded on the
balance sheet at the lower of historical cost and market value. Whereas a loss on a banking book
instrument was transferred to the profit and loss account, unrealised gains were not recognised
and could therefore become hidden reserves in the balance sheet. Therefore, the accounting rules
for the banking book did not take market risks into account (except for the foreign exchange risk,
where the end-period value is usually applied to almost all balance sheet items).
New accounting standards, introduced in January 2005 have been initiated mainly by the US, but
have been widely embraced by the international financial community in anticipation of ever increasing accounting audit scrutiny. These new standards go by different names around the world,
depending on the local accounting standards board. The US accounting standards are grouped
under FAS 133 (FAS, 2004), Europe and the UK collectively incorporate these in 'IAS 39' (for
International Accounting Standards: Article 39 (IAS Board, 2004:22)) whilst in South Africa
these are grouped by the SARB under 'AC 133' (AC 133, 2004). Whilst known by different
monikers, the initials refer to essentially the same new standards. The differences that do exist
between AC 133 and IAS 39 are expected to narrow over the coming months (KPMG, 2004).

It is a requirement of IAS 39 accounting standards that instruments used specifically for hedging demonstrate within a range of acceptable values - the hedge effectiveness of the hedging portfolio.

The standards will impact AC 133 models, processes and data requirements and must be addressed as South African banks move towards reporting under International Accounting Standards. The International Accounting Standards Board also proposed a series of changes to IAS
39 during 2004 which will impact South African banks in 2005 and beyond.
A brief history of the evolution of IAS 39 (and all its various prior guises), covering the reasons
for its existence and the scope of its influence, is presented in the next section.

2.4.2.1

History and evolution of IAS 39

Note: All Exposure Drafts, discussion papers, SIC papers, IAS drafts and amendments thereto,
referred to in this section (Section 2.4.2.1), are available in condensed format from the report issued by the Office of the Superintendent of Financial Institutions (osn, 2005).
The US Exposure Draft E26: 'Accounting for Investments' document became available to deal, in
part, with the burgeoning use of derivatives in financial institutions as investment instruments in
October 1984. Amendments to E26: 'IAS 25 Accounting for Investments', were released in
March 1986 with an effective date of 1 January 1987. September 1991 saw the announcement of
Exposure Draft E40: 'Financial Instruments', later modified in January 1994 and re-exposed as
Exposure Draft E48: 'Financial Instruments'. The disclosure and presentation portion of E48 was
adopted as IAS 32 and published in June 1995. Work on recognition and measurement continued
and, in March 1997, the discussion paper 'Accounting for Financial Assets and Financial Liabilities' was circulated amongst affected parties for approval. Exposure draft E62: 'Financial Instruments: Recognition and Measurement', announced in June 1998 saw further refinements to the
standards.
SIC (Standards Interpretations Committee) 33 was issued on 12 September 2001 and approved
by the IASB (International Accounting Standards Board) in December 2001. SIC 33 was superseded by IAS 27 and by IAS 28 (both revised in 2003) and became effective for annual financial
reporting periods beginning 1 January 2005. SIC 33 addresses whether the proportion allocated
to the parent and minority interests in preparing consolidated financial statements, and the proportion allocated to an investor that accounts for its investment in an associate using the equity
method, should be determined based on present ownership interests or ownership interests that
would be held if the potential voting rights were exercised or converted. Under SIC 33, the proportion allocated should be determined based solely on present ownership interests. An enterprise may, in substance, have a present ownership interest when for example, it sells and simultaneously agrees to repurchase, but does not lose control of, access to economic benefits associated with an ownership interest. In this circumstance, under SIC 33 the proportion allocated

should be determined taking into account the eventual exercise of potential voting rights and
other derivatives that, in substance, presently give access to the economic benefits associated
with an ownership interest.
The first appearance of 'IAS 39 Financial Instruments - Recognition and Measurement' occurred
in December 1998 and in April 2000 IAS 25 was withdrawn following the approval of 'IAS 40
Investment Property'. Limited revisions to IAS 39 (effective 1 January 2001) were released in
October 2000.
As discontentment about the failure of accounting standards to reflect derivative instruments' fair
value grew and as the magnitude of corporate scandals became apparent, the necessity for further, far-reaching amendments to be made, arose. On 21 August 2003 a further Exposure Draft
entitled 'Fair Value Hedge Accounting for a Portfolio Hedge of Interest Rate Risk' was issued for
public comment. On 17 December 2003, the revised version of IAS 39 was issued by the IASB
and the revised version released on 31 March 2004 IAS 39 to reflect Macro Hedging. The effective date for the implementation of IAS 39 was 1 January 2005~.
IAS 39 requires recognition of a financial asset or a financial liability when, and only when, the
entity becomes a party to the contractual provisions of the instrument, subject to the following
provisions in respect of regular way purchases (IAS Board, 2004: 14):
a regular way purchase or sale of financial assets is recognised and derecognised using
either trade date or settlement date accounting,
the method used is to be applied consistently for all purchases and sales of financial assets that belong to the same category of financial asset as defined in IAS 39 (note that for
this purpose, assets held for trading form a different category from assets designated at
fair value through profit or loss) and
the choice of method is an accounting policy (IAS Board, 2004:38).
In addition, IAS 39 requires that all financial assets and all financial liabilities be recognised on
the balance sheet - this includes all derivatives. Historically, in many parts of the world, derivatives have not been recognised on company balance sheets. The argument has been that at the
time the derivative contract was entered into, there was no amount of cash or other assets paid.
Zero-cost justified non-recognition, notwithstanding that as time passes and the value of the un-

It is important to note that 'IAS 27 consolidated Financial Statements and Accounting for Investments in Subsidiaries', 'IAS 28 Investments in Associates', and 'IAS 39 Financial Instruments: Recognition and Measurement' should
all be considered together (OSFI, 2005).

derlying variable (rate, price, or index) changes, the derivative has a positive (asset) or negative
(liability) value.
Initially, financial assets and liabilities should be measured at fair value (including transaction
costs, for assets and liabilities not measured at fair value through profit or loss). Subsequently,
financial assets and liabilities (including derivatives) should be measured at fair value, with the
following exceptions (IAS Board, 2004:46):
loans and receivables, held-to-maturity investments, and non-derivative financial liabilities should be measured at amortised cost using the effective interest method,
investments in equity instruments with no reliable fair value measurement (and derivatives indexed to such equity instruments) should be measured at cost. Financial assets and
liabilities that are designated as a hedged item or hedging instrument are subject to measurement under the hedge accounting requirements of the IAS 39. Financial liabilities that
arise when a transfer of a financial asset does not qualify for de-recognition, or that are
accounted for using the continuing-involvement method, are subject to particular measurement requirements,
fair value is the amount for which an asset could be exchanged, or a liability settled, between knowledgeable, willing parties in an arm's length transaction. IAS 39 provides a
hierarchy to be used in determining the fair value for a financial instrument (IAS Board,
2004:30),
quoted market prices in an active market are the best evidence of fair value and should be
used, where they exist, to measure the value of the financial instrument. If a market for a
financial instrument is not active, an entity establishes fair value by using a valuation
technique that makes maximum use of market inputs and includes recent arm's length
market transactions, reference to the current fair value of another instrument that is substantially the same, discounted cash flow analysis, and option pricing models. An acceptable valuation technique incorporates all factors that market participants would consider
in setting a price and is consistent with accepted economic methodologies for pricing financial instruments,
if there is no active market for an equity instrument and the range of reasonable fair values is significant and these estimates cannot be made reliably, then an entity must measure the equity instrument at cost less impairment,
amortised cost is calculated using the effective interest method,

the effective interest rate is the rate that exactly discounts estimated future cash payments
or receipts through the expected life of the financial instrument to the net carrying
amount of the financial asset or liability and
financial assets not carried at fair value though profit and loss are subject to an impairment test and if the expected life cannot be determined reliably, the contractual life is
used instead.
This concludes the historical developments of the US Exposure Draft E26 through its inception
in 1984 to its current manifestation as IAS 39 internationally and AC 133 in South Africa. The
impact of AC 133 in the South African context is discussed in the next section.

2.4.2.2

AC 133 requirements - South Africa

The introduction of AC 1 3 3 ~
precipitated significant volatility as a greater number of financial
instruments are now recorded at fair value with the changes in fair value reflected either in the
income statement or directly within reserves. Although the impacts on the most recent year's results are sometimes difficult to glean from the financial statements, they are significant. FirstRand, for example, recognised R136 million additional profits in the 2003 year due to AC 133,
together with an increase in reserves of R643 million (SAICA, 2005).
AC 133 has posed a number of operational challenges to banks because of its increased focus on
financial modelling. Other than the increased need for fair valuation models for the accounting
purposes, AC 133 also imposes strict rules around hedge accounting and loan-loss provisioning.
These rules have necessitated the development of complex financial models for accounting purposes, with material data requirements.
The approach of the local banks to implementing the requirements of AC 133 has tended to be
tactical in nature, with AC 133 models and processes remaining outside of the existing reporting
infrastructure (AC 133, 2004). This approach is consistent with the trend currently emerging
from Europe and the UK which stems largely from the short timeframe within which the banks
have had to implement the international equivalent of AC 133 (IAS 39), and the fact that the final rules remain a moving target. The trend will have to become more strategic, however, since
over the next two years (from 2005) local banks will have to increase the sophistication of their
AC 133 models and increasingly embed the models, processes and data requirements into their
businesses (KPMG, 2004).

AC 133 requires that all financial assets and all financial liabilities be recognised on the balance sheet - this includes all derivatives.
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The onerous requirements of AC 133 come at a time of wide sweeping change in the local financial services sector. Implementation of AC 133 is running in parallel with other major change
programmes, including the implementation of the new Basel accord. Figure 2.3 below provides a
summary ofthe major changes facing banks' trading and banking books in the near term.
Figure 2.3. Schematic representation of bank financial regulations both pre- and post
the inauguration of new rules.
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This landscape has imposed strain on banks' internal resources and resulted in significant costs
associated with system and process conversions. It is thus clear that banks must acquire a deeper
understanding of their off-balance sheet interest rate risk. Hedge accounting and the effectiveness of hedging strategies in particular, must adapt to measure interest rate risk more accurately
than ever before if banks and financial institutions are to avoid unexplained earnings volatility,
regulatory/legal penalties and even possible credit rating downgrades. The necessity of timely
and accurate pricing of interest rate-sensitive instruments in general (but particularly those with
embedded optionality or in which the probability of default is non-negligible) is becoming increasingly important (SAICA, 2005). Some required amendments to the existing Macaulay duration measure, which take account of precisely these characteristics, are explored in Chapter 5.
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2.4.3 Summary of regulatory and accounting changes impact
Banks and other financial institutions have been under the regulatory spotlight for several decades. The Base1 accord of 1988 (and versions thereof) established rules for regulatory capital for
banks' trading books. As a large component of market risk, trading interest rate risk has thus
been effectively dealt with by the 1988 Base1 accord (BIS, 1988). The new Base1 accord (BIS,
2004) adds little to the measurement, management or understanding of interest rate risk in the
trading book from a market risk perspective. The interest rate risk associated with the banking
book, however, has hitherto been largely ignored by the regulator and the new Base1 accord now
addresses this breach. By January 2007, all banks must comply with these regulations or face
penalties and fines imposed by local regulatory authorities.
Regulations governing trading interest rate risk are mandatory and capital requirements are regularly reported and audited. However, risks associated with derivative instruments in the trading
book have not been historically recognised in that these risks have been 'off balance sheet'. The
new accounting standards (FAS 133, IAS 39, AC 133) are now set to change this, with onbalance sheet reporting becoming an obligatory requirement and the requirement that derivative
instruments be recorded at fair value.

2.5 Conclusion
This chapter provided a broad overview of banking risk in general and interest rate risk in particular. The current situation regarding interest rate risk measurement and management was explored from the viewpoint of the banking and trading books. Regulatory and accounting standards have already undergone and continue to undergo severe alterations to the way in which
interest rate risk is measured, reported and managed, and thus these perspectives were also examined.
Although still extensively used after some eight decades since its conception, the Macaulay duration - an important interest rate risk measure - continues to demonstrate its inability to cope with
a significantly advanced financial market place. Chapter 3 introduces the Macaulay duration and
later chapters then suggest both potential amendments and renewed definitions. The introduction
of these might promote renewed interest in the measure as early results are encouraging.

Chapter 3
Overview of the Macaulay and associated duration measures
3.1 Introduction
The field of interest rate risk measurement and management has many tools at its disposal, developed and tested over many years of academic research and practical application. This chapter
focuses on one particular aspect of the wide and deep field of interest rate risk, namely duration
in its various guises. The fundamental concepts underlying the measurement of duration are
rooted in financial mathematics. The duration measure itself has survived for many decades
more or less unaltered - in spite (or because) - of its relative simplicity. The acceleration of increasing financial complexity has imposed a burgeoning of corrective adaptations. Many financial measures are inadaptable to the new environment, whilst the kudos of others - such as the
Sharpe ratio and Macaulay duration - remain securely intact, if constantly tailored to suit the
complex, volatile new millennium. For all its limitations and limiting assumptions, the Macaulay
duration has survived relatively unchanged from its original definition. That it has allowed constant adaptations and modifications to accommodate financial instruments of increasing complexity is an indication of its robust flexibility.
The important role of interest rate risk in the wider arena of banking risk was established in the
previous chapter as well as the increasing regulatory and accounting pressure to accurately
measure interest rate risk in the banking book. An exploration of the historical development of
the duration concept, including its successes and failures, limitations and new adaptations as well
as the reasons behind these, will be explored in this chapter. This provides an important and necessary background to a deeper, more in-depth investigation into other interpretations of 'duration'
as well as substantial amendments (with the aim of improving interest rate risk measurement)
which follow in proceeding chapters. It is important to note that the literature on this subject and
its variants is vast. This chapter, therefore, does not provide an exhaustive overview.

3.2 Historical overview
Macaulay (1938:31) was the first to use the word 'duration' as the measure of the average life of
a security. After rejecting a future value weighting model as inappropriate, Macaulay found that
weighting each time period by the proportion of each payment, in present value terms, to the
present value of the total payment stream resulted in a measure of duration exhibiting the desired

properties8. In particular, while the maturity of a loan only considers when thefinal payment occurs, duration assigns weights to the time periods when each cash payment occurs thereby considering the timing and size of the payments. This property of duration is important because it
measures the effective life of a payment stream rather than the maturity of the stream. In this
way, Macaulay's duration can be considered as expressing the 'time element of a loan' more precisely than does maturity. It is not, however, the only definition of duration.
Hicks (1946:44) formulated an independent definition of duration, calling it instead the 'average
period'. Hicks' definition of duration was as an elasticity of the bond price with respect to the
discount factor (1 + r)-' and he showed that changes in the interest rate r at time t would not
affect the relative prices of two securities if both had the same duration. Samuelson (1945:22)
was concerned with the ability of institutions to meet their long-term obligations in the face of
continuing low interest rates to be received on their investments. He pointed out that if the
Macaulay duration of the assets were equal to the Macaulay duration of the liabilities, the institution's portfolio would be 'immune' to the effects of interest-rate changes.
Redington (1952:307) analysed portfolio immunisation independently and in far greater detail.
He suggested that 'first-order immunisation' was achieved when Samuelson's condition was met9.
Perks (1952:324), in discussing Redington's paper, suggested that it was equally appropriate to
immunise a portfolio at a zero interest rate. This was the same as an alternative measure of duration that Macaulay (1938:33) had rejected earlier (Altman, 1968:600).
Fisher and Weil (1971:418) extended Redington's work and in doing so noted the usefulness of
the duration measure in the development of immunisation strategies for bond investments. Fisher
and Weil examined the overall tracking error1' of immunizing a par bond with a zero coupon
bond (or a pair of bonds) that had the same Macaulay duration versus immunizing it with a zerocoupon bond due at maturity. They found that the absolute tracking error was almost always less
with the duration-matched portfolios than for the maturity-matching for 5, 10, and 20 year overlapping time horizons during the years 1926-1968. Macaulay had used the yield of a security to
estimate the present value of each of its payments while Fisher and Weil used a variant, namely
the spot interest rate on each payment period. Fisher and Weil's work led to the development of
A change in underlying interest rate results in a corresponding change in the bond price. The factor which, when
multiplied by the change in the interest rate, gives the change in the bond price was called the Macaulay duration
and exhibited Macaulay's requisite properties.
9
Redington (1952:292) suggested further that immunisation would be more accurate if a second condition were met:
namely, that the variance of the time to payment of the assets be set equal to or greater than the variance of the time
to payment of the liabilities.
10
Tracking error is an important supplementary factor in the consideration of interest rate (and other) risk measures.
An exposition at this point detracts from the main argument of the Chapter and is thus presented instead in Appendix B. See also McLeod and van Vuuren (2004).

the first bond immunisation strategies which explicitly took non-flat term structures into account.
This necessitated a new definition of duration.
Bierwag (1977:726) and Bierwag and Kaufman (1977:365) suggested using variants of the
Macaulay duration by first showing that many definitions of duration were possible. Macaulay
and Hicks's duration research was extended by Hopewell and Kaufmann (1973:752), particularly
in the explanation of debt security price behaviour. Despite this pioneering work, little has been
done subsequently to supplant the measure for a trendier alternative.
The Cox, Ingersoll, Ross (henceforth CIR) (1979:12, 1985:388) duration measure assumes that
the square root of the short-term spot interest rate and the departure of that rate from its long-run
expected value are important parameters. However, empirical evaluations of the CIR measure
have included several additional, a d hoc variables (and other variants of the Macaulay duration
have also included additional parameters), but these have limited, rather than broadened its use.
Recent work (e.g., Fons, 1990, Kim et al, 1993, Fooladi et al, 1997, Duffie, and Singleton, 1999,
Nawalkha, 1999, Rzadkowski and Zaremba, 2000, Guntay, 2002, Jacoby and Roberts, 2003 and
Jacoby, 2003) has produced better variants and adaptations of the Macaulay duration. Alternative
measures and modifications are explored in the next chapter. The next section provides an overview of the mathematical definition and derivation of the original Macaulay duration. In addition, the modified duration - an adjusted Macaulay duration which takes into account the value
of the yield to maturity at the point of measurement - is also discussed.

3.3 Macaulay duration
3.3.1 Definition and derivation
The Macaulay duration is an average of the dates on which cash flows are promised weighted by
the present values of the cash flows to be received on those dates. Whilst the maturity of a zero
coupon bond is an appropriate measure of its life, it is an ambiguous measure of the life of a security that promises cash flows at many future times. It is also true that the price behaviour of a
zero coupon bond is different from that of a non-zero coupon bond with the same maturity.
Consider an option-free, one year bond (nominal = N ) with semi-annual coupon payments C
and annual yield to maturity y - shown schematically in Figure 3.1. The cash flows associated
with such an option-free bond are C after 6 months and C + N at maturity (i.e., after one year).
The discount factor associated with the first coupon payment is DF, = l/(l+ y/2) and the dis-
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this bond, P , then, is given by the sum of present values of the cash flows (Fabozzi, 1996,
1997):

or in general:

where CF, is the cash flow at time t , M is the number of periods to mat1urity, n is the number
of periods in one year and y is the annual yield to maturity.

Figure 3.1: Schematic pricing of a bond comprising two cash flows.
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The price of this security is a function of two different cash flows. The value of the first cash
flow (as a proportion of the overall price of the security) is:

and the value of the second as a proportion of the price is

where DF, = (I + g1-land DF, = (1 +

we the 1- and 2-period discount factors, respec-

tively. More generally

where w, is the weight assigned to the t " cash flow, CF, .
Both w,and w, are positive fractions which necessarily sum to unity, i.e., w,+ w, = 1. These
weights reflect the relative importance of the promised cash flows and the values of those
weights change as the coupon rate and the yield to maturity change. The Macaulay duration of
this bond is given by the weighted sum the times of promised cash flows:

or, more generally:

As an example, consider a one year bond in which N = R100, the annual coupon rate is 4% (i.e.,
C = ~ 1 0 0 ~ 4 %=/ R
2 2 ) and the annual yield to maturity is 5%. In this case P = R99.0363 us-

ing Equation 3.1, w,= 0.0197 and w, = 0.9803 using Equation 3.2, assuming semi-annual
compounding. Using Equation 3.3,

D,,, = 0.0197

i+ 0.9803.1

= 0.9901 years.

This value assigns a single number to the timing and magnitude of the cash flows. If the value
were closer to 0.5 years, this might be due to an earlier payment than the first one at t = 0.5
years or a large payment at the earlier time or a combination of both.
The mathematical reasoning behind the Macaulay duration becomes clearer if the measure is
thought of as a scaled gradient. Taking the first derivative with respect to the yield to maturity y
of a bond with M periods to maturity and comprising a set of cash flows CF, occurring at times
t , where t E 1, M , (i .e., differentiating Equation 3.1) gives:

Thetenn - [ l + i )

=

-1

may be factored out giving:

where DM,,is the Macaulay duration. The Macaulay duration may thus be thought of as a scaled
gradient of the line tangential to the pricelyield relationship curve measured at a given yield to
maturity. This is obvious from the derivation above, namely:

thus

Multiplying the gradient

($1

by -

(

(1 +

)

(scale factors) then, gives the Macaulay

duration. The price/yield relationship of a 30-year, 10% semi-annual coupon, option-free bond
is given in Figure 3.2 below.
The line tangential to this curve at an annual yield to maturity of 5% is also shown in Figure 3.2
with gradient ( d p / d y ]Y =5% - Scaling this value by -

(

1

+

]

since n = 2 in

this case, gives DMac- the Macaulay duration. This linear measure of the change in the price of
a bond given a change in the yield to maturity, whilst mathematically appealing, is clearly only
effective for a small range of changes in yield to maturity.
Figure 3.2: The inverse price/yield relationship for an option-free bond. The tangentialline to this curve (at ylm =5%) is also shown.
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3.3.2 Modified duration: definition and derivation
The modified duration simply combines two of the quantities in Equation 3.4 to produce a scaled
duration measure, i.e., DMod= DMac/(1+ %)

(Fabozzi, 1997:233). Using Equation 3.4 gives

(3.5)

resulting in a relationship between the percentage change in the price of a security dP/ P for any
given change in the yield to maturity ( dy ) to the first order.
Second order changes, which take into account the convex shape of the relationship between
prices and yield of fixed income securities, are discussed in the next section.

3.3.3 Convexity
The non-linear relationship between the change in the bond price and the change in the yield
may be approximated using the Taylor expansion around its initial value (Fabozzi, 1997:267):
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where Yo is the original yield, ily is the small change in yield,
A

y = Yo + tiY,

P

.

h

..

I

.

0 IS t e ongma pnce measure

d

a

~

at y = Yo' d"PI
~ n Y;Yo

is the price approximated at
is the nth order partial deriva-

tive of the price with respect to yield measured at Y = YO'
For all practical purposes, only the first two terms (linear and quadratic) are ever used in finance
- sincetheyprovidea goodapproximationto changesin pricesrelativeto otherassumptionsthat

must be made about pricing assets. If the increment in Y is extremely small, even the quadratic
term is negligible (Jorion, 2001:87). For large changes in yield, the linear (first order) duration
measure does not adequately describe the change in the bond price as shown below in Figure 3.3
using the same parameters for the bond as used in Figure 3.2.
Figure 3.3: First (Macaulay duration) and second order (convexity) effects used to
estimate changes in bond price.
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Using Equation 3.1 and taking the second derivative with respect to the yield gives:

Theterm (t + y
n

r

-

t,

may be factored out giving:

(1+:)
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justment and is calculated using C =
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where C is known as the convexity ad-

It. (t + I) PV(c;:)

( 1=1
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n

If the convexityad-

n)

justment is added to Equation 3.4 - the change in price due to a change in rates becomes:
M
p ==-DMod. ~y + tC. (~y)z . Figure 3.4 below depicts the problem of estimating the change in
bond price when the yield to maturity changes using duration alone and the solution provided by
the addition of convexity.

h

Figure 3.4: (i) Actual variation of M

with ~y, (ii) - DMod. ~y only and (iii)
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3.3.4 Duration example
Before advances in computing technology made simulations of net present values under multiple
interest rate scenarios feasible, some bankers used duration as a proxy for estimating the net economic value of their institution. Duration is still used by many bank managers as a basis for
evaluating the relative risks of different financial instruments, portfolios, or investment strategies. Duration incorporates an instrument's remaining time to maturity, the level
of interest rates, and intermediate cash flows. If a fixed income instrument has only one cash
flow, as a zero coupon bond does, duration will equal the maturity of the instrument: a zero coupon bond with five years remaining to maturity has a duration of 5 years. If coupon payments are
received before maturity, the duration of the bond declines, reflecting the fact that some cash is
received before final maturity (Jorion, 2001:91).
Duration is calculated by weighting the present value of an instrument's cash flows by the time to
receipt of those cash flows. Table 3.1 illustrates the calculation of the duration of a RlOO 000
two-year bond that pays interest semi-annually, has a 7.5% coupon, and was purchased at par to
yield 7.5%.

Table 3.1: Sample values for Macaulay and modified duration calculation.
Cash
flows

Period Years

Discount factors

Discounted CF's

Time weighted, discounted CF's

7

,

L

Macaulay
Modified

SUM/Coupon freq
Divide by price
Divide by
l/(l+ytmI2)

189.41
1.894 years
1.83 years

This bond has a modified duration of 1.83 years. If rates were to increase 100 basis points (I%),
the value of this bond would be expected to decline by approximately 1.83%. The calculations
set out in Table 3.1 do not adjust the expected cash flows of the bond to changes in interest rates.
Hence, this calculation is not valid for instruments, such as callable bonds and mortgage-backed
securities, whose options will change their cash flows as interest rates move. To partially adjust
for this shortcoming, banks make use of the 'effective duration'. Effective duration is derived by
using simulation techniques to calculate the change in price of an instrument for a given change
in interest rates.
-
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3.3.5 Properties of duration
Duration exhibits the following characteristics (Fabozzi, 1997:223):
The higher the duration, the greater the price sensitivity of the instrument to changes in market interest rates.
For two instruments with the same maturity, a high-coupon instrument will have a lower duration than a low-coupon instrument and will also be less price-sensitive. A larger proportion of a high coupon's cash flows will be received sooner and thus the average time to receipt of the cash flows will be less.
A given fixed income instrument will have a higher duration in a low interest rate environment than in a high interest rate environment.
Duration may be positive or negative. A fixed rate instrument would have a positive duration, and an increase in interest rates would generally decrease the market value of the instrument. Mortgage servicing rights and interest-only mortgage-backed securities generally
have a negative duration, since an increase in interest rates would decrease the prepayment
speed of the underlying mortgages, increasing the market value of the instruments.
Durations are additive when weighted by the amount of the contract - that is, they combine
linearly. For example, if a portfolio consists of 2 bonds of equal market value, one with a
duration of 6 and the other with a duration of 2, the portfolio duration is four. Mathematically, w, .Dl

+ w, - D,

= D, . Thus, for example, if w, = w, = 50% then D, = D, + D2

2

3.3.6 Key-rate durations
Key-rate duration calculates the spot durations of each of the 11 'key' maturities along a spot rate
curve". These eleven key maturities are at the 3-month and 1, 2, 3, 5, 7, 10, 15, 30, 25, and 30year portions of the curve (Ho, 1992:38 and Knez et al, 1994:1869).
In essence, key-rate duration allows the duration of a portfolio to be calculated for a one-basispoint change in interest rates while holding the yield for all other maturities constant. The keyrate method is most often used for portfolios such as the bond-ladder, which consists of fixedincome securities with differing maturities. The equation for key-rate duration is given by (Ho,
1992:33):

" These specific eleven key rates are used as most countries employ this level of detail when defining local yield
curves. Developed economies generally employ far greater granularity when describing the local yield curve (Ho,
1992:31 and Knez et al, 1994:1868).
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Security price after 1% decrease in yield - Security price after 1% increase in yield
2 x Initial price of the security x 1%
The sum of the key-rate durations along the curve is equal to the 'effective duration'.
An important interpretation of the duration measure is as an elasticity measure. fistorically, duration has been mistakenly assigned time as the unit of its measurement. This leads to a paradox
since elasticities are, by definition, dimensionless. Recent work has shown this to be due to fallacious assignment - to the constituent elements - of incorrect units. The next section considers
the Macaulay duration as an elasticity measure.

3.4 Duration as an elasticity
Hicks (1939:186) asserted that the Macaulay duration (not then called by that name), was equal
to the elasticity of the price of the bond with respect to the 'present value factor' (1 + y) of the
bond. Hicks noted a difficulty with his proof: the Macaulay duration has a dimension: that of
time, but elasticities should be pure numbers. According to Hicks (1939:187) (generalizing
slightly and changing notation) if the yield to maturity is y , then the discount ratio is:

where y is the annual yield compounded n times a year.
Hicks (1939:187) asserted that the elasticity of the present value of a payment due after t years
with respect to the discount ratio was t . For a stream of payments, Hicks averaged the 'elasticities' in the same manner that Macaulay did, but he called the result the average period of the income stream. However, Hicks's elasticities cannot be elasticities as the term is normally defined
as Hicks himself acknowledged in a footnote:
'The reader may.. .find it rather surprising that an elasticity, usually supposed to be a
pure number, independent of units, turns out to be equal to a length of time' (Hicks
1939:187).
But elasticities are pure numbers and are independent of the units used to measure the inputs.
Hicks's explanation is equally unsatisfactory; his footnote continues:
'This is a consequence of compound interest. The interest rate for two years is not
double that for one; so that time cannot be eliminated by considering proportional
changes.' (ibid.)
The problem has little to do with compound interest. Hicks observed that the duration is an average time to payment, but the compound interest rate has nothing to do with the investment pe-

riod. The problem appears to arise from confusing an amount of interest with an interest rate
(Fisher, 2004).
Rewriting Equation 3.4 as an elasticity measure:

or, in terms of the modified duration:

Any elasticity must be independent of the units used to measure the variables. But in Equation
3.4, the Macaulay duration depends on the units used to measure time. That is, if the units of
time are changed from years to months, the number describing duration becomes 12 times as big.
The problem has been neatly solved recently (Hallerbach, 2001). The bond price valuation equation, namely

(where y' = y 1 n and other symbols have their usual definitions) presents a 'sloppy definition of
the present value' (Hallerbach, 200 1) and it is this which provides the source of the interpretation
error of duration. In order to show that duration is indeed dimensionless - as expected from its
definition as an elasticity - the correct general expression for the value of an option-free bond on
a coupon date is (Hallerbach, 2001):

where: i is the index number for the cash flows, M is the number of remaining cash flows until
maturity, n is the compounding frequency within one year and At reflects the time interval (in

years) between the cash flow dates.

Hence, the remaining time to maturity in years is M .h , the compounding interval for the yield
is n-' (in years) and the number of cash flows per year (the cash flow frequency) is given by
( ~ t ) -.'In this representation the cash flows are:
CFj, = A t - c - N for i = l , - . . , M -1:

where c is again the coupon rate per annum and N is the face value of the bond. For notational
simplicity but without loss of generality, it has been assumed that the cash flow dates are equally
spaced; the necessary adjustment for accommodating unevenly spaced cash flows is easily accommodated. Equation 3.8 clearly shows the dimensions of the relevant parameters. There are
two crucial differences with Equation 3.7. First note that the summation index i now is indeed a
pure number and has no longer the dimension time attached. In addition, the compounding frequency n appears explicitly in the expression of the discount factor thus allowing the familiar
transfonnation of discrete compounding to continuous compounding:

In Equation 3.8 above it is incorrectly assumed that n = 1. Defining the dimension operator
dim(-) , gives: dim(y) = time-', dim(n) = time-', dim(At) = time, dim(c) = timeP'. Hence, n has
the dimension time-', so y In and At. n are just numbers without any time dimension attached,
thereby resolving the 'paradox'. Nevertheless, the idea that duration has the dimensions of time is
still largely prevalent in the literature, even in authoritative texts such as Fabozzi (1996), Fabozzi
(1997), Haugen (1997) and Sharpe et al, (1999).
The Macaulay duration - interpreted as an elasticity - is an important application of this measure. Another chief role of the Macaulay duration is in managing the immunisation of interest
rate-sensitive portfolios, considered in the next section.

3.5 Portfolio immunisation using duration
The presence of interest rate uncertainty presents serious problems to financial institutions whose
profits rely on exposing their cash flow to as little interest rate risk as possible. Portfolio immunisation refers to the process devised to minimise this interest rate risk.
The Macaulay duration lies at the heart of portfolio immunisation and constitutes a crucial component of both its use and implementation. As a result, the literature dedicated to this field of research is extensive and ongoing. Fong and Vasicek (1984) introduced a risk minimising strategy
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for portfolio immunisation whilst Gultekin and Rogalski's (1984) work used empirical tests on
basis risk and provided illuminating insights into portfolio immunisation using alternative duration specifications. Garbade (1985, 1986) provided a generalised approach to immunisation and
Barrett et al, (1995) presented a selection of different immunisation strategies using duration.
Barber and Cooper (1996) was first to introduce principal component analysis to immunise portfolios against interest rate risk, Chambers et al, (1988) used a duration vector for this purpose
and Balbas et al, (1998, 2002) used dispersion measures as an immunisation risk measure. This
brief rCsum6 does not do justice to the burgeoning portfolio immunisation field, but does provide
a starting point for the interested reader.
Whilst the significance of the duration measure on portfolio immunisation cannot be underestimated, research pertaining to this field lies outside the scope of this thesis. The focus here is instead on the application of new duration descriptions to the field of risk management from regulatory and compliance points of view. Nevertheless, the general description and example of portfolio immunisation using duration which follows, provides the reader with an introduction to this
important field.
Assume a bank has a customer deposit due in 2 years. The bank's main function is to transform
the deposit into a profitable investment that grows to a certain (matured) amount to meet the obligation (say, Rlm). One way to ensure that the targeted cash flow is free of value fluctuation is
to invest the fund in a zero coupon bond that has the same maturity time as the obligation time. If
a 3 year zero bond is available, the bank would rigidly prefer this investment instrument over any
other maturity instruments. Market segmentation (or preferred habitat) refers to this type of rigid
investment behaviour. Risk taking or speculating the future interest rate movement is not the objective of these types of management; even the compensation of bearing the interest rate risk in
the form of liquidity risk premium is not sufficient to vary the management's planned investment
horizon. The inability to meet the future obligation is a stigma for banks. The planned investment horizon, however, can be arbitrary and even if it is a reasonable wholesome time (assume 2
years in this example) there may not be a zero coupon bond with maturity time that matches with
the planned time. The concept of duration may now be applied to solve situations such as this in
which the bond market is incomplete (and thus insufficient) to cater for the need of the investor
to ensure a certain cash flow in the presence of interest rate uncertainty.

3.5.1 Principles of bond portfolio imrnunisation
A portfolio of investments in bonds is said to be immunised if its value at the end of the holding
period must be as large as it would have been had interest rates remained unchanged i.e., regard-

less of the course of interest rates during the period (Morgan, 1986:91). A simple example of
immunisation would be that if a pure zero coupon bond exists maturing at the end of the holding
period (the planned horizon or the target date), then a trivial case of immunised investment (the 2
year bond in the above discussion) arises. More generally, it will be necessary to hold a bond
portfolio with payments received both before and after the target date. This subjects the portfolio
to both reinvestment risk and price risk that arises because of fluctuations in future interest rates
(Soto, 2004:lOOl). If the term structure of interest rates shifts in an uncertain, but sufficiently
harmonious, way ('parallel' or 'horizontal' shifts) then it is possible to design a dynamic structure
involving offsetting fluctuation between long- and short-term (coupon) bonds, in order to ensure
that the effects of price and reinvestment risk will effectively cancel each other out.

3.5.2 Immunisation example
Consider a simple situation in which one and only one cash outflow (to make an amount equal to
Rlm) is to be paid in 2 years. Since there is only one cash outflow, its duration is simply 2 years.
The ideal would be to have a 2 year zero coupon bond traded so that the amount can be fully
immunised in the presence of future interest rates uncertainty, but suppose it is not available. Assume investment in two different bond issues is considered with the following details: the first
bond issue is a 3 year coupon bond with 8% annual coupon, the second bond is a 1 year coupon
bond with 7% annual coupon. The future value of these two bonds are R1,000 and their PV are
R950.25 and R972.73 respectively given that the yield curve is flat and that the current yield to
maturity is 10%.
All the funds could be invested in the 1 year bonds, with the presumption that proceeds from the
maturing bonds are reinvested one year from now in another 1 year issue. But note that if 1 year
interest rates were to decline over the next year, then the funds from the maturing 1 year bonds
will have to be reinvested at a lower rate than the currently available 10%. Thus, reinvestment
risk arises due to the possibility that the funds one year from now may only be reinvested at a
lower rate.
A second alternative would be to invest the funds in the 3 year bond but this also entails risk. In
particular, the 3 year bond will have to be sold after two years in order to yield the Rlm. The risk
is that interest rates will have risen before then, meaning that bond prices, in general, will have
fallen and the bonds will not have a selling price that is equal to or greater than Rlm. Thus this
strategy faces price risk. However, although the first and second alternatives involve risks due to
interest rate fluctuations, the two kinds of risk described above offset each other.

Immunisation takes advantage of the offsetting reinvestment risk and the price risk in a bond
portfolio. Continuing the example, immunisation implies partially investing the initial fund in the
1 year bond and in the 3 year bond in order to attain the 2 year targeted horizon. That is, if w,
and w 3 denote the weights of the funds that are to be invested in Bond 1 and Bond 3, solving for
the solution w, and w, to the following simultaneous set of simultaneous linear equations:

gives DM,, = 1 and DM,, = 2.78 (the durations of Bond 1 and Bond 3 respectively), Note that
the first equation is merely the budget constraint whereas the second equation indicates that the
weighted average of the durations of the bonds in the portfolio must equal the duration of the
cash outflows: 2 years. The solution to these two equations is w, = 0.4382 and w, = 0.5618.
Given the desired Rlm, at t = 2 the present value of the needed initial investment is

PV =

1 000 000
= R826 446. Then 43.82% of this amount is used to purchase bond 1 and
1.lo2

56.18% of this amount is used to buy Bond 3.
R464 297
R362 149
= quantity of Bond 1bought and
= quantity of Bond 3 bought.
R972.73
R950.25
If interest rates were to rise the loss due to liquidating the 3 year bonds at a discount after two
years will be exactly offset by the gains from reinvesting the maturing 1 year bonds at the higher
rate. Alternatively, if interest rates were to fall, loss from being able to reinvest the maturing 1
year bonds at a lower rate will be exactly offset by being able to liquidate the 3 year bonds after
two years at a premium. In this sense, the portfolio is 'immunised' from the consequence of any
movements in interest rates in the future (Soto, 2004: 1002).

3.5.3 Problems with immunisation
It has been assumed that the yield curve is flat in order to conduct the parallel (vertical) shift of
the yield curve due to an interest rate shock. The assumption that the yield curve undergoes parallel (random) shifts is a strong one and the effect of, inter alia, hedging interest risk in the duration model depends crucially on this assumption. The rationale behind the assumption of a flat
yield curve was justified on the following grounds.
The construction of the Macaulay duration is based on using the yield to maturity as the factor
for discounting coupons to find their present values. In the absence of a complete set of zero
bonds, the yield to maturity of a coupon bond may be used as a legitimate proxy by the market

participants to obtain 'unobserved' future interest rates. Prior to the innovation of modem financial instruments such as interest rate options, futures and swaps, this was the preferred method of
obtaining these obscured future rates. The introduction of these new interest rate derivative
products has allowed bank managers to hedge interest rate uncertainty without relying on the
strong assumption employed by the duration model (Babbel et al, 1997:36). Convexity is often
introduced to minimize the error of hedging due to the exclusive use of the Macaulay duration.
As financial instruments grow ever more complex, however, the justification for flat yield curves
-

in which all movements are considered to be parallel - diminishes. These are considered in

later chapters.
Wu (2000:922) considered the use of a stochastic duration (based on the Vasicek (1977) and CIR
(1985) models). Within the one-factor framework, Wu proposed the use of a longer zero-curve
yield instead of the original instantaneous interest rate as a proxy for the relevant risk source(s).
Bond immunization12 showed that the stochastic duration in some cases outperformed Macaulay's duration.

3.6 Conclusion
This chapter examined the origins, subsequent development, interpretation, limitations and adjustments of the Macaulay duration. The measure's computational simplicity and durability have
allowed it to survive relatively intact despite decades of ongoing development. Recent changes
in interest rate markets and financial instrument complexity have, however, necessitated more
severe adaptations and alterations in order to deal with the limitations imposed by the Macaulay
duration. The next chapter deals with the measurement and management of interest rate risk in
the banking and trading books as well as the important role played by the Macaulay duration in
both the measurement and management of this risk.
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Using Belgian data.

Chapter 4
Interest rate risk in the banking and trading
books
4.1 Introduction
The previous chapter introduced the Macaulay duration as an important tool for the measurement
and management of interest rate risk. It was shown in Chapter 2 that interest rate risk affects both
books of the bank since both comprise instruments affected directly by movements in interest
rates. The measurement, management and regulation of these, however, differ significantly between the two books. It was also shown in Chapter 2 that interest rate risk measurement in the
trading book has advanced significantly in the last decade. With the new requirements set out in
the new Base1 accord, the same development should take place for the banking book. This chapter focuses on aspects of interest rate risk in both the banking and trading books.

4.2 Interest rate risk in the banking book
To evaluate the potential impact of interest rate risk on a bank's operations, a well-managed bank
will consider the effect on both its earnings (the earnings or accounting perspective) and underlying economic value (the economic or capital perspective). Both viewpoints must be assessed to determine the full scope of a bank's interest rate risk exposure, especially if the bank
has significant long-term or complex interest rate risk positions. These perspectives are considered and discussed in the next section.

4.2.1 Earnings and economic perspectives
From an earnings perspective, banks consider the effect of interest rate risk on net income and
net interest income. It also assists in the assessment of the contribution of non-interest income
and operating expenses to the interest rate risk exposure of the bank (ICC, 2004).
From a capital, or economic value, viewpoint, banks consider how intermediate (two years to
five years) and long-term (more than five years) positions affect future financial performance.
Since the value of instruments with intermediate and long maturities can be particularly sensitive
to interest rate changes, it is important for a bank to monitor and control the level of
these exposures. Banks also consider how interest rate risk acts jointly with other risks they
face. In a rising rate environment, for example, loan customers may be unable to meet interest
payments because of the increase in the size of the payment or a reduction in earnings. The result

will be a higher level of non-performing loans. An increase in interest rates exposes a bank with
a significant concentration of adjustable rate loans to credit risk (ICC, 2004).
Bank management decisions concerning a bank's interest rate risk exposure need to take into account the riskheward trade-off of interest rate risk positions. Management should compare the
potential risk (impact of adverse-rate movements) of an interest rate risk position or strategy
against the potential reward (impact of favourable-rate movements).

4.2.1.1

Earnings perspective

The earnings perspective considers how interest rate changes will affect a bank's reported earnings, for example, a decrease in earnings (caused by changes in interest rates) can reduce earnings, liquidity and capital (O'Brien, 2000). Earnings-based approaches tend to focus on short run
variability in net interest income (typically one to two years), thus linlung directly to reported
profitability. Fluctuations in interest rates generally affect reported earnings through changes in a
bank's net interest income. Net interest income will vary because of differences in the timing of
accrual changes (repricing risk), changing rate and yield curve relationships (basis and yield
curve risks) and options positions (Bessis, 2002:59).
Changes in the general level of market interest rates also may cause changes in the volume and
mix of a bank's balance sheet products. For example, when economic activity continues to expand while interest rates are rising, commercial loan demand may increase while residential
mortgage loan growth and prepayments slow. Changes in the general level of interest rates also
may affect the volume of certain types of banking activities that generate fee-related income. The
volume of residential mortgage loan originations, for example, declines as interest rates rise, resulting in lower origination fees. In contrast, mortgage servicing pools often face slower prepayments when interest rates rise since borrowers are less likely to refinance. Fee income and
associated economic value arising from mortgage servicing related businesses thus may increase
or remain stable in periods of moderately rising interest rates (Beck et al, 2000:68).
Declines in the market values of certain instruments may diminish near-term earnings when accounting rules require a bank to charge such declines directly to current income (known as price
risk). Banks with large trading account activities generally employ separate measurement
and limit systems to manage this risk. Evaluating interest rate risk solely from an earnings perspective may not be sufficient if a bank has significant positions that are intermediateterrn (between two years and five years) or long-term (more than five years). This is because
most earnings-at-risk measures consider only a one-year to two-year time frame. As a result, the

potential impact of interest rate changes on long-term positions is often not fully captured (ICC,
2004).

4.2.1.2

Economic perspective

Economic value approaches offer a longer-term perspective on interest rate risk, tahng into account all future cash flows generated from a bank's banking book positions (Risk Institute,
2005). The economic perspective provides a measure of the underlying value of the bank's current position and seeks to evaluate the sensitivity of that value to changes in interest rates. This
perspective focuses on how the economic value of all bank assets, liabilities, and interest-raterelated, off-balance-sheet instruments change with movements in interest rates. The economic
value of these instruments equals the present value of their future cash flows. By evaluating
changes in the present value of the contracts that result from a given change in interest rates, the
change to a bank's economic value (or economic value of equity) may be estimated (Risk Institute, 2005).
In contrast to the earnings perspective, the economic perspective identifies risk arising from
long-term repricing or maturity gaps. By capturing the impact of interest rate changes on the
value of all future cash flows, the economic perspective can provide a more comprehensive
measurement of interest rate risk than the earnings perspective. The future cash flow projections
used to estimate a bank's economic exposure provides a pro fomza estimate of the bank's future
income generated by its current position. Because changes in economic value indicate the anticipated change in the value of the bank's future cash flows, the economic perspective can provide
a leading indicator of the bank's future earnings and capital values13. The longer the view, however, the more difficult it becomes to accurately model these earnings streams (KC, 2004).
Changes in economic value can also affect the liquidity of bank assets because the cost of selling
depreciated assets to meet liquidity needs may be prohibitive. The growing complexity of many
bank products and investments heightens the need to consider the economic perspective of interest rate risk. The financial performance of bank instruments is increasingly linked to pricing
and cash flow options embedded within those instruments. The impact of some of these options,
such as interest rate caps on adjustable rate mortgages and the prepayment option on fixed-rate
mortgages, may not be discernable if the impact of interest rate changes is evaluated only over a
short-term (earnings perspective) time horizon. For newly originated products, a short-term hori-

l 3 In the interest of reporting stable earnings streams, those banks that have adopted both earnings and economic
approaches tend to place stronger emphasis on measuring and managing net interest income, typically focusing on
future earnings one year ahead but sometimes considering earnings out over the next two or three years.

zon may underestimate the impact of caps14 and prepayment options because loan rates are
unlikely to exceed caps during the early life of a loan. In addition, borrowers may be unlikely to
refinance until the transaction costs associated with originating a loan have been absorbed. As
time passes, however, interest rate caps may become binding or borrowers may be more likely to
refinance if market opportunities become favourable. Similarly, some structured notes offer relatively high initial coupon rates to the investor at the expense of potentially lower-than-market
interest rates of return at future dates (Risk Institute, 2005, Choi and Elyasiani, 1996:271).
Failure to consider the value of future cash flows under a range of interest rate scenarios may
leave the bank with an instrument that underperforms the market or provides a rate of return below the bank's funding costs. Although it is a powerful tool in the management of interest rate
risk exposure, the economic perspective often is more difficult to quantify than the earnings perspective. Measuring risk from the economic perspective requires a bank to estimate the future
cash flows of all of its financial instruments. Since many retail bank products (such as savings
and demand deposits) have uncertain cash flows and indefinite maturities, measuring the risk of
these accounts can be difficult and requires numerous assumptions by the bank (FDIC, 2002).
Because of the difficulty of precisely estimating market values for every product,
many economic measurement systems track the relative change or sensitivity of values rather
than the absolute change in value (Choi, 1996:275). Economic value analysis facilitates
risklreward analysis because it provides a common benchmark (present value) for evaluating instruments with different maturities and cash flow characteristics. Many banks have found this
type of analysis to be useful in decision making and risk monitoring (FDIC, 2002).
In line with international regulators, the SARB plans to accept only the economic value approach
to measuring interest rate risk in the banking book for the purposes of calculating regulatory
capital. This acceptance of only the economic - longer term - approach to measuring interest
rate risk, will force banks to develop accurate measures of this interest rate risk (SARB, 2005).
It is clear that the current Macaulay duration measure is woefully ill-prepared to deal with the
vagaries of contemporary financial instruments. The yield curve is not flat and even if it were,
shifts in the yield curve are almost never parallel. Rather, yield curve movements twist and contort in a stochastic manner - captured far more effectively by duration interpretations and analysis that allow for these stochastic yield curve changes. These both negate the necessity for con14

An interest-rate cap is an over the counter derivative that protects the holder from rises in short-term interest rates
by making a payment to the holder when an underlying interest rate (the 'index' or 'reference' interest rate) exceed a
specified strike rate (the 'cap rate'). Caps are purchased for a premium and typically have expirations between 1 and
7 years. They may make payments to the holder on a monthly, quarterly or semi-annual basis, with the period generally set equal to the maturity of the index interest rate (Hull and White, 2001: 14).

vexity and are more accurate in general in the description of interest rate movements and hence
interest rate risk, than the traditional Macaulay duration. These measures require a complete rethinking of the duration measure as an interest rate risk tool, but the mathematics is not onerous
and the implementation and interpretation of results are both relatively straightforward with regard to the benefits realised. Results obtained from the research undertaken for this thesis are
presented in Chapter 6.
The two perspectives (earnings and economic) have been introduced and discussed. A numerical
example follows which illustrates the principles discussed in this section, is given in the next
section.

4.2.1.3

Numerical example: earnings versus economic perspectives

A bank's interest rate risk should not be viewed solely in terms of its effects on either economic

value or earnings. These two perspectives are complementary and both are necessary to capture
interest rate risk comprehensively. The economic perspective focuses on the value of the bank in
the current (2005) interest rate environment and the sensitivity of that value to changes in interest
rates. It also captures future exposure by evaluating the impact of potential interest rate changes
on market values of all assets, liabilities, and off-balance-sheet contracts. The earnings perspective, which captures the timing of income effects, helps risk managers determine what action to
take to offset or hedge the exposure. In the example given below, the earnings perspective indicates that earnings problems will not develop until the second year in which the assets and liabilities are on the bank's balance sheet. The bank in the example is exposed to interest rate risk
arising from the repricing gap between a four-year asset and a one-year liability.
Both instruments are accounted for on an historic cost basis. Table 4.1 illustrates the expected
annual income and cash flows for this bank, assuming that interest rates remain at their current
levels. The example uses the following simplifying assumptions:
the bank has equity capital of R200,000,
the bank purchases a four-year bond carrying an annual 8% coupon,
the notional amount is R1.2 million and the current market value is par,
the bank funds the bond with a one-year certificate of deposit (CD) with a face amount of
R l million,
the current rate on the CD is 6% and interest is paid annually,
the bank pays all of its income to shareholders as dividends and pays no taxes. It has no
other income or operating expenses and

at the end of the 4thyear, the bank plans to liquidate and distribute any residual equity to
shareholders.
Under this scenario, the bank expects to earn R36,000 each year on its assetjliability spread.
Shareholders would receive R36,000 in dividends in each year. At the end of the fourth year, the
bank receives approximately R1.2 million in cash from the bond but must pay out approximately
R l million in cash to the CD customer. The entire bank's net income was distributed as dividends, therefore the equity available to shareholders equals the original equity (R200,OOO).

Table 4.1: Earnings perspective: Expected cash flows and income (stable interest
rates).
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Table 4.2 shows the present values of the asset, liability, dividend, and equity cash flows, assuming that interest rates do not change. The bond's cash flows are discounted at 8% and the CD
cash flows are discounted at 6%. The present values for dividends (net income) and equity reflect the differences in the present value of the bond and CD cash flows. Note that if interest
rates remain at their current level, the present value of the expected cash flows equals the par
value of the instruments.

Table 4.2: Economic perspective: Present value of expected cash flows and income
(stable interest rates).
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Because this bank is funding a four-year asset with a one-year liability, it is exposed to rising
interest rates. Table 4.3 shows cash flows and net income if interest rates were to rise immedi-

ately by 200 basis points (bps). The bank's reported earnings in Year 1 remain unchanged because funding rates for the first year are locked. After Year 1, however, the CD reprices by 200 bps to a new rate of 8%. As a result, net income for the remaining three years will
decline by R20,000 per year. The bank's cumulative net income and corresponding dividends
paid to shareholders over the four-year period declines from R144,OOO to R84,OOO.

Table 4.3: Earnings perspective: expected cash flows and income - 200bp rise.

Table 4.4 illustrates the present value of the bank's expected cash flows under the new rate scenario. Note that the present value of both the bond and the CD decline. The decline in the present
value of the bond reflects the fact that, although the cash flows from the bond remain constant,
those cash flows are now discounted at a higher (10%) rate. In essence, the bank has forgone
more profitable investment opportunities and now holds a bond that offers below-market returns. As in Table 4.3, the PV of net income, dividends, and equity represents the difference between the present values of the bond and CD cash flows. Table 4.4 shows that the net economic
value of the bank declines by R57.6 million in comparison with net economic value in the stable rate scenario. This decline in net economic value represents the decline in the present value
of the bank's future cash flows.

Table 4.4: Economic perspective: present value of expected cash flows and income
- 200bp rise.
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These examples illustrate that if a bank evaluates its earnings exposure over only a short time
horizon, it may incorrectly assume that it has little or no exposure. This bank shows no earnings
exposure for the first year. Yet, as the example illustrates, the bank's earnings in future periods
may decline significantly if interest rates increase. The change in the economic value of equity
(as measured by the change in the present value of the bank's assets less the present value of its
liabilities) can be a leading indicator of the expected decline in future earnings and capital.
Having discussed the earnings and economics perspectives in some detail and illustrated their
use by way of a numerical example in this section, the trade-offs between the two perspectives
are presented in the next section.

4.2.1.4

Trade-offs in managing earnings and economic exposures

When immunizing earnings and economic value from interest rate risk, bank management must
make certain trade-offs. When earnings are immunised, economic value becomes more vulnerable and vice versa. The economic value of equity, like that of other financial instruments, is a
function of the discounted net cash flows (profits) it is expected to earn in the future. If a bank
has immunised earnings, such that expected earnings remain constant for any change in interest
rates, the discounted value of those earnings will be lower if interest rates rise. Hence, although
the bank's earnings have been immunised, its economic value will fluctuate with rate changes.
Conversely, if a bank fully immunises its economic value, its periodic earnings must increase when interest rates rise and decline when interest rates fall. A simple example illustrates
this point (ICC, 2004).
Consider a bank that has RlOO million in earning assets and R90 million in liabilities. If the assets are earning lo%, the liabilities are earning 8%, the cost of equity is 8%, and the bank's net
non-interest expense (including taxes) totals R2 million, the economic value of the bank is R10
million. This value is obtained by discounting the net earnings of R0.8 million - R10 million in
interest income less R7.2 million in interest expense and R2 million in non-interest expense as a perpetuity at 8%15. If net non-interest expenses are not affected by interest rates, the bank
can immunise its net income and net interest income by placing R10 million of its assets in perpetuities and the remainder of assets and all liabilities in overnight funds. If this is undertaken, a
general 200bp increase in interest rates leaves the bank's net income at R0.8 million. The bank
earns R11.8 million on its assets (R10 million perpetuity at 10% and R90 million overnight assets at 12%) and incurs interest expenses of R9 million (R90 million at 10%) and non-interest
expenses of R2 million. The economic value of its equity, however, declines to R8 million. (The
l 5 A perpetuity is an annuity that pays interest forever. Its present value equals the periodic payment received divided by the discount rate.

net earnings of R0.8 million are discounted as a perpetuity at 10%). As a result of this trade-off,
many banks that limit the sensitivity of their economic value will not set a zero risk tolerance
(i.e., attempt to maintain current economic value at all costs), but rather will set limits around a
range of possible outcomes. In addition, because banks generally have some fixed operating expenses that are insensitive to interest rate changes (as in the above example), some banks have
determined that their risk-neutral position is a slightly long, net asset, position. The bank's fixed
operating expenses from a cash flow perspective behave in a similar way to a long-term fixed
rate liability that must be offset or hedged by a long-term, fixed-rate asset (Risk Institute, 2005).
This concludes the comparison between the earnings and economic perspectives.
Over half of a bank's interest rate risk resides in the traditional domain of asset and liability management (ALM), non-trading activities. The importance of asset and liability management - as a
strategic component of bank interest rate risk management - is explored in the following section.

4,2.2 The role of ALM
ALM is the coordinated management of the entire portfolio of a financial institution. For commercial banks in particular, an adequate ALM practice is today considered an inevitable and indispensable instrument for controlling risk and optimizing the risk-return-relationship (BIS,
2004). It considers both the acquisition of funds from various sources and the allocation of funds
to profitable investments. These activities leave a bank's earnings and capital exposed to interest
rate risk, or unexpected movements in interest rates16. Interest rate risk also arises from options
embedded in banking products, such as prepayment options of individual borrowers who are able
to renegotiate the interest rate payable on loans when interest rates decline. The traditional focus
of ALM has been on these two types of interest rate risk (Uyemura and van Deventer, 1992:121).
Strategic interest rate risk management is crucial to any financial institution since the interest
rate is still the single most important generator of income and hence profit contributor. Over the
past decade, the adoption of trading risk management tools has strengthened immensely assetliability managers' ability to measure and manage interest rate risk exposure. In the 1990s,
ALM's increasing complexity coupled with rising concern over interest rate risk, forced risk
managers to go beyond their traditional toolbox of metrics and methodologies. Although ALM
units continue to use accrual accounting, and although traditional metrics serve a useful purpose,
market value and statistical metrics have been embraced by large banks. Senior executives are
becoming so convinced of the importance of managing economic rather than pure accounting

l6 It is important to note, however, that expected changes in interest rates are not true risks as these may be hedged
or priced.

results that they are implementing compensation plans based on shareholder value-added, rather
than revenues or earnings (Austin, 2005).
In addition to adding an economic perspective, the intermingling of ALM and trading risk management has brought the application option-adjusted ~ a l u a t i o n (OAV)
'~
methodology to mortgages and non-maturity deposits (Austin, 2005). Before the use of OAV, the challenges of modelling prepayment risk spawned a variety of disparate methodologies that were more art than science. OAV now provides a relatively uniform way to gauge embedded optionality (Guntay,
2002:12) but to date has been unable to address the issue of duration measures for instruments
with embedded optionality.
Another critical contribution has been the introduction of stochastic (i.e., probabilistic) simulations which yield EaR (earnings-at-risk) and VaR (value-at-risk). Although these have some
shortcomings, the consensus among industry professionals (and regulators) as to their robustness
and applicability has firmly established both as 'market standard' metrics. Stress testing, which
captures extreme risk not covered by VaR, has also become an essential component in the risk
management toolkit. Most large banks use all three to allocate market risk capital (Austin, 2005).
The merging of ALM and trading risk management, however, is not straightforward. While the
advantages of economic and statistical analyses are clear, market value and VaR conflict with
ALM due to fundamental differences in instrument characteristics and time horizons. However,
the most daunting obstacle to bridging the gap between an earnings perspective and an economic
one is understanding and managing the trade-offs. Actions that reduce earnings risk and dampen
earnings volatility do not translate into similar impacts on economic value. In fact, the opposite
can occur. Consequently, asset-liability managers must optimise hedging strategies and in this
regard, a combination of an increase in bank balance sheet liquidity and the focus on contract
and market/fair value (enabled by technological advancements) has met with some success
(Uyemura and van Deventer, 1992:124).

4.2.3 Sources of interest rate risk
The interest rate risk that arises from a bank's core loans and deposits business may be broken
down into four broad categories, discussed in each of the next four subsections.

4.2.3.1

Pricing (maturity mismatch) risk

Repricing risk results from differences in the timing of rate changes and the timing of cash flows
that occur in the pricing and maturity of a bank's assets, liabilities, and off-balance-sheet instrul7 Option-adjusted valuation of financial instruments takes the effect of embedded optionality into account and adjusts interest rate spreads, credit spreads and so on, accordingly (Austin, 2005).

ments. Repricing risk is often the most apparent source of interest rate risk for a bank and is often gauged by comparing the monetary value (book value) of a bank's assets that mature or reprice within a given time period with the monetary value (book value) of liabilities that do so.
Some banks intentionally take repricing risk in their balance sheet structure in an attempt to improve earnings (Kwan and Eisenbeis, 19%: 122).
Because the yield curve is generally upward-sloping (long-term interest rates are higher than
short-term interest rates), banks can often earn a positive spread by funding long-term assets with
short-term liabilities (Choi, 1996:282). The earnings of such banks, however, are vulnerable to
an increase in interest rates that raises cost of funds. Banks whose repricing asset maturities are
longer than their repricing liability maturities are liability-sensitive because their liabilities will
reprice more quickly. The earnings of a liability-sensitive bank generally increase when interest
rates fall and decrease when they rise. Conversely, an asset-sensitive bank (asset repricings
shorter than liability repricings) will generally benefit from a rise in interest rates and hurt by a
fall in interest rates (Kwan and Eisenbeis, 1995:123) - see Section 4.2.4.2 on gap analysis.
Repricing risk is often, but not always, reflected in a bank's current earnings performance. Repricing imbalances may be created by a bank that will not be manifested in earnings until sometime in the future. A bank that focuses only on short-term repricing imbalances may be induced
to take on increased interest rate risk by extending maturities to improve yield. When evaluating repricing risk, therefore, it is essential that the bank considers not only near term imbalances,
but also long-term ones. Failure to measure and manage material, long-term repricing imbalances can leave a bank's future earnings significantly exposed to interest rate movements (Uyemura and van Deventer, 1992:133).

4.2.3.2

Basis risk

Basis risk arises from a shift in the relationship of the interest rates in different financial markets
or on different financial instruments (Wall and Shrikhande, 2005). Basis risk occurs when market interest rates for different financial instruments - or the indices used to price assets
and liabilities - change at different times or by different amounts. This change affects a bank's
current net interest margin through changes in the earnedlpaid spreads of instruments that are
being repriced. It also affects the anticipated future cash flows from such instruments, which in
turn affects the underlying net economic value of the bank. Basis risk also includes changes in
the relationship between managed interest rates, or interest rates established by the bank, and external interest rates. For example, basis risk may arise because of differences in the prime rate
and a bank's offering interest rates on various liability products, such as money market deposits
and savings accounts (Wall and Shrikhande, 2005). Because consumer deposit interest rates tend
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to lag behind increases in market interest rates, many retail banks may observe an initial improvement in their net interest margins when interest rates are rising. As interest rates stabilise,
however, this benefit may be offset by repricing imbalances and unfavourable spreads in other
key market interest rate relationships; and deposit rates gradually catch up to the market. Certain
pricing indices have a built-in 'lag' feature such that the index will respond more slowly to
changes in market interest rates. Such lags may either accentuate or moderate the bank's shortterm interest rate exposure (Wall and Shrikhande, 2005).
Some banks use interest rate derivatives as an alternative to other investments; others use them to
manage their earnings or capital exposures. Banks can use interest rate derivatives to limit downside earnings exposures, preserve upside earnings potential, increase yield, and minimize income
or capital volatility. Although interest rate derivatives can be used to hedge interest rate risk, they
expose a bank to basis risk because the spread relationship between cash and derivative instruments may change. A bank using off-balance-sheet interest rate instruments such as futures,
swaps, and options to hedge or alter the interest rate risk characteristics of on-balancesheet positions needs to consider how the off-balance-sheet contract's cash flows may change
with changes in interest rates and in relation to the positions being hedged or altered (IAS Board,
2OO4:3 1).
Derivative strategies designed to hedge or offset the risk in a balance sheet position will typically
use derivative contracts whose cash flow characteristics have a strong correlation with the instrument or position being hedged. Banks must also consider the relative liquidity and cost of
various contracts, selecting the product that offers the best mix of correlation, liquidity, and relative cost. Even if there is a high degree of correlation between the derivative contract and the position being hedged, the bank may be left with residual basis risk because cash and derivative
prices do not always move together. Banks holding large derivative portfolios or actively trading
derivative contracts should determine whether the potential exposure presents material risk to the
bank's earnings or capital.

4.2.3.3

Yield curve risk

Yield-curve risk arises from variations in the movement of interest rates across the maturity
spectrum. It involves changes in the relationship between interest rates of different maturities of
the same index or market. The relationships change when the shape of the yield curve for a given
market flattens, steepens, or becomes negatively sloped (inverted) during an interest rate cycle.
Yield curve variation can accentuate the risk of a bank's position by amplifying the effect
of maturity mismatches (FDIC, 2002).

As an example, consider a coupon whose rate is based on the relationship:
Coupon = lOyr swap rate + (300bp - 3month government rate (or LIBOR)).
Since the coupon on this bond adjusts as interest rates change, a bank may incorrectly assume
that it will always benefit if interest rates increase. If, however, the increase in 3-month LIBOR
exceeds the increase in the 10-year swap rate, the coupon on this instrument will fall, even if
both LIBOR and swap rates are increasing. Banks holding these types of instruments should
evaluate how their performance may vary under different yield curve shapes.

4.2.3.4

Option risk

Option risk arises when a bank or a bank's customer has the right (but not the obligation) to alter
the level and timing of the cash flows of an asset, liability, or off-balance-sheet instrument
(Jorion, 2001:187). Options give option holder's rights to buy (calls) or sell (puts) a financial instrument at a specified price (strike price) over a specified period of time. For the seller (or
writer) of an option, there is an obligation to perform if the option holder exercises
the option. The option holder's ability to choose whether to exercise the option creates an asymmetry in an option's performance. Generally, option holders exercise their right only when it is to
their benefit. As a result, option holders face limited downside risk (the premium or amount paid
for the option) and unlimited upside reward (Jorion, 2001:182). The option seller faces unlimited downside risk (an option is usually exercised at a disadvantageous time for the option seller)
and limited upside reward (if the holder does not exercise the option and the seller retains the
premium).
Options often result in an asymmetrical risklreward profile for the bank. If the bank has written
(sold) options to its customers, the amount of earnings or capital value that a bank may lose from
an unfavourable movement in interest rates may exceed the amount that the bank may gain if interest rates move in a favourable direction. As a result, the bank may have more downside exposure than upside reward. For many banks, their written options positions leave them exposed to
losses from both rising and falling interest rates. Some banks buy and sell options on a 'standalone' basis. The option has an explicit price at which it is bought or sold and may or may not be
linked with another bank product. A bank does not have to buy and sell explicitly priced options
to incur option risk, however. Almost all banks incur option risk from options that are embedded
or incorporated into retail bank products. These options are found on both sides of the balance
sheet (Uyemura and van Deventer, 1992:126).
On the asset side, prepayment options are the most prevalent embedded option. Most residential
mortgage and consumer loans give the consumer an option to prepay with little or no prepayment

penalty. Banks may also permit the prepayment of commercial loans by not enforcing prepayment penalties (usually to remain competitive in certain markets). A prepayment option
is equivalent to having written a call option to the customer. When interest rates decline, as they
have done worldwide since late 2001 (although this trend is beginning to reverse (Miller, 2004)),
customers will exercise call options by prepaying loans, and the bank's asset maturities will
shorten at a time when the bank would prefer to be extending them. When interest rates rise, customers maintain their mortgages, making it difficult for banks to shorten asset maturities at the
time they most desire to do so (Uyemura and van Deventer, 1992:116).
On the deposit side of the balance sheet, the most prevalent option given to customers is the right
of early withdrawal (which behave as put options on deposits). When interest rates increase, the
market value of customer deposits declines, and customers have the right to 'put' the deposit back
to the bank - to the depositor's advantage. Thus, management's discretion in pricing such retail
products as non-maturity deposits may also be viewed as a type of option - usually working
in the bank's favour. For example, deposits may be pegged at interest rates that lag market rates
when interest rates are increasing and that lead when they are decreasing (FDIC, 2002).
Products that contain interest 'caps' or 'floors' are other sources of option risk. Such products are
often loans and may have a significant effect on interest rate exposure. For the bank, a loan cap
is equivalent to selling a put option on a fixed income security, and a floor is equivalent to owning a call. The cap or floor interest rate is the strike price. When market interest rates exceed the
cap rate, the borrower's option moves 'in the money' as the borrower is paying interest at a rate
lower than market. When market interest rates decline below the floor, the bank's option moves
'in the money' because the rate paid on the loan is higher than the market rate. Floating rate loans
that do not have an explicit cap may have an implicit one at the highest rate that the borrower can
afford to pay. In high rate environments, the loan rate may have to be capped, renegotiated to a
lower rate or face a default. Non-maturity deposits, such as money market demand accounts and
savings accounts also may have implicit caps and floors on the interest rates that the bank is willing to pay (Madan and Unal, 1998:126).
The measurement of interest rate risk - from both an earnings and economic perspective - is
considered in the next section.

4.2.4 Interest rate risk measurement
Measurement techniques used to determine the potential impact of non-traded interest rate risk
on a bank's financial position can take a number of forms. The technique used depends, in part,
on whether the bank focuses on earnings or economic value as an indicator of its financial posi-

tion. Many banks choose to analyse the impact of interest rate movements on earnings (a significant component of which is net interest income) whilst others measure the effect of changing interest rates on the bank's economic value or market value, (cash flows expected to be generated
from the bank's on and off-balance sheet positions, all discounted at that interest rate which adequately reflects the riskiness of those cash flows (Austin, 2005)).
Principal methods to measure interest rate risk in the banking book are gap analysis (from an
earnings perspective) and income simulation (using static, dynamic and Monte Carlo methods)
and DGap analysis (from an economic perspective). These are considered in turn in the following sections.

4.2.4.1

Gap and gap ratio analysis

Gap reports stratify all of a bank's assets, liabilities, and off-balance-sheet instruments into maturity segments (time bands) based on the instrument's next repricing or maturity date and are
commonly used to assess and manage interest rate risk exposure - specifically a bank's repricing
and maturity imbalances (Austin, 2005).
Gap is the Rand difference between rate-sensitive assets and rate-sensitive liabilities18 with respect to a specific time frame. Gap management involves the management of all three of its constituents: assets, liabilities, and time (Austin 2005). Assets and liabilities are assigned to time periods (0-1 month, 1-2 months, etc) based on the repricing of their maturities. This is relatively
simple for components such as investments and certificates of deposit in which the total notional
amount matures on a specific date, but more complex if the rate-sensitive asset or rate-sensitive
liability does not have a stated maturity such as a savings account. If the total outstanding balance of the rate-sensitive asset or rate-sensitive liability does not mature simultaneously, but
rather over a specified time period such as member loans, problems are also encountered
(WCCU, 2002).
Gap reports can be particularly useful in identifying the repricing risk of a bank's current balance
sheet structure before assumptions are made about new business or how to effectively reinvest
maturing balances. Within a given time band, a bank may have a positive, negative, or neutral gap. A bank will have a positive gap when more assets (in monetary terms) reprice or mature
than liabilities. Because this bank has more assets than liabilities subject to repricing, the bank is
said to be 'asset sensitive' for that time band. An asset sensitive bank is generally expected to
benefit from rising interest rates because assets of a larger value are expected to reprice more
quickly than its liabilities.
l 8 Rate-sensitive assets and liabilities are any interest bearing instrument that can be repriced to a market rate in a
given time frame (WCCU, 2002).

A bank has a negative gap and is 'liability sensitive' when a larger value of liabilities reprice
within a given time band than assets. A bank that is liability-sensitive usually benefits
from falling interest rates. A bank whose assets equal liabilities within a time band is said to
have a 'neutral' gap position. A bank in a neutral gap position is not free of exposure to changes
in interest rates, however. Although the bank's repricing risk may be small, it can still be exposed
to basis risk or changes in interest rate relationships. Traditionally, most bankers have used gap
report information to evaluate how a bank's repricing imbalances will affect the sensitivity of its
net interest income for a given change in interest rates (Koch and MacDonald, 2000:81).
The gap ratio is also sometimes used in gap reports. This quantity divides the gap by total assets
in the balance sheet and places the gap in perspective to the size of the bank. A gap of R500,OOO
would not be material for a bank with RlOm in assets, but it would be for a bank with R2m in
assets. The gap ratio assumes that all rate-sensitive accounts reprice equally.
4.2.4.1.1

Benefit of gap reports

Gap reports are conceptually simple and are relatively straightforward to explain to board members. Data accumulation is uncomplicated and no sophisticated or expensive software models are
required. Gap reports provide an indication of the direction and degree of interest rate risk.
4.2.4.1.2

Disadvantages of gap reports

Gap reports are useful as a primary interest rate risk measurement tool only for those banks with
very simple balance sheets. If a bank has any material balances in mortgage-related loans or investments or any investments with uncertain maturities (for example, option embedded fixed income instruments), they should move beyond gap analysis. Even if gap is acceptable, regulatory
entities will still expect the bank to perform some degree of income simulation analysis (see Section 4.2.4.3).
A gap report is similar to a balance sheet in that it is only a snapshot in time - it does not measure the effect of multiple interest rate changes over time (WCCU, 2002). Gap reports do not
quantify risk and make the assumptions that asset and liability characteristics are symmetrical
and cash flows are static cash flows - regardless of interest rates or interest rate movements.
Most contemporary interest rate scenario shocks assume parallel shifts in interest rates across all
maturities and gap reports are no different in this respect. Misleading results are common (Austin, 2005 and Koch and MacDonald, 2000:162) since simple gap reports do not identify and
quantify yield curve risk, option risk, intra-period gaps and dynamic gaps. Modified gap reports,
however, have been produced which are able to take account of these shortcomings. These are
discussed in the sections below.

4.2.4.1.3

Yield curve risk

To measure a bank's cumulative repricing risk over several periods or time bands, most users of
gap reports simply sum the gaps across each time band to produce a net cumulative gap position.
Implicit in this act is an assumption that movements in interest rates will be perfectly correlated
across the time bands and will move in a parallel fashion. This assumption can be amended by
applying different weights to each time band (Bessis, 2002:80). For example, gaps in the shorter
time bands could be weighted more heavily than those in the longer time bands because shortterm interest rates are usually more volatile and usually move by larger amounts than long-term
interest rates. The pattern of a bank's repricing gaps across the various time bands can provide an
indication of the bank's exposure to changes in yield curve shapes.
A bank that is liability sensitive (has negative gaps) in the short- and long-term time bands and
asset sensitive in the intermediate time bands is exposed to a flattening of the yield curve when
short-term interest rates go up and long-term interest rates remain stable. The bank's net interest
margin deteriorates as the interest rates on its short-term liabilities increase (FDIC, 2002).
4.2.4.1.4

Option risk

As noted earlier, it is difficult to capture option risks with gap reports. Options introduce an
asymmetrical and nonlinear element to a bank's risk profile. Although techniques such as preparing multiple gap reports and reporting options by their delta-equivalent values attempt
to overcome some of these weaknesses, they are unable to fully capture all of the dimensions of
option risk. To do so, a bank that has significant option risk must supplement its gap reports with
simulation or option pricing models.
4.2.4.1.5

Zntra-period gaps

Although gap reports rely on stratifying balances into broad time bands, they do not detect imbalances within those bands. Some bankers have partly overcome this weakness by reporting the
weighted average repricing maturity within each time band. Another method is to reduce the
width of the bands (ICC, 2004).
4.2.4.1.6

New business

Many gap reports used by banks consider only the bank's current financial positions. These reports are called 'static' reports because they capture only the risk that arises from the bank's existing balance sheet structure and do not incorporate any assumptions about new business. Some
banks may also prepare 'dynamic' gap reports. Typically, these reports are generated from the

bank's earnings simulation models and show how the bank's gap would appear at some point in
the future, after new business assumptions are incorporated into the risk measure (ICC, 2004).
Duration gap - discussed in the next section - takes the gap concept further and considers the duration gap rather than the simple maturity gap considered in this section.

4.2.4.2

Duration gap (DGap) analysis

Duration gap is defined as the difference between a balance sheet's weighted average duration19
of assets and a scaled, weighted average duration of liabilities (Koch and MacDonald, 2000:92)
and is, therefore, an economic rather than an earnings measure. The scaling applied to the
weighted duration of the liabilities is the ratio of the market value of the balance sheet assets
(MVA) to the market value of the balance sheet liabilities (MVL),

(2)

DGap= DA- - . D L ,
where
DA is the weighted average duration of assets and
DL is the weighted average duration of liabilities. The weighting averaging applied here to both
assets and liabilities employs the useful additive property of the Macaulay durationz0, namely
that if a portfolio comprises RlOO of instrument A (Macaulay duration: 6 years) and R200 notional of instrument B (Macaulay duration: 12 years) - the portfolio duration may be calculated
using:
RlOO
R 200
x6+x12 = 10 years.
R300
R300
Four steps are involved determining the duration gap (Koch and MacDonald, 2000):
1. bank management develops an interest rate forecast,
2. the market value of the bank's assets, liabilities and stockholders' equity is estimated,
3. the weighted duration of assets and weighted duration of liabilities are calculated. The effects of both on- and off-balance sheet items are incorporated and these estimates are
used to calculate duration gap and finally
4. management forecasts changes in the market value of stockholders' equity across different interest rate environments.

19
20

Here and elsewhere, unless otherwise specified, 'duration' refers specifically to the Macaulay duration.
See Section 3.3.5.

A positive DGap indicates that assets are more price sensitive than liabilities, on average. Thus,
when interest rates rise, assets will fall proportionately more in value than liabilities and the
market value of equity (MVE) will fall accordingly. Similarly, when interest rates fall, assets will
fall proportionately less in value than liabilities and the MVE will rise accordingly. A negative
DGap indicates that weighted liabilities are more price sensitive than assets. The reverse of the
situation for positive DGap is now true: when interest rates riselfall, assets will fall proportionately less/more in value than liabilities and the MVE will rise/fall (Koch and MacDonald,
2000:94).
4.2.4.2.1

Market value of equity sensitivity analysis

An MVE sensitivity analysis effectively involves the same steps as earnings sensitivity analysis.
In MVE sensitivity analysis, however, the bank focuses on the relative durations of assets and
liabilities, the extent to which durations change in different interest rate environments, and the
effect of different rate environments on the market value of equity. Duration gap analysis focuses
on managing the market value of equity whilst taking the timing of cash flows into account. Either the market value of equity or the book value of net interest income may be protected using
duration Gap, but not both (Beck et al, 2000:66).
The change in the market value of equity stems from the well-known accounting definition of
equity, namely:
MVE = MVA- MVL

(4.2)

where the terms refer to the market value of equity, assets and liabilities, respectively. Changes
in these quantities are given by:
AMVE = AMVA -AMVL

.

It has been shown (Equation 3.5) that
AMVA - - D A . Ay
MVA
I+ Y

--

Substituting into Equation 4.2 gives:

And using Equation 4.1 gives
AMV.E=-DGap-(l+y ~AY
o t a lassets 1 - M V A .

To protect the bank from interest rate changes causing changes in the market value of equity, it
suffices for the bank to reduce DGap to zero in Equation 4.4 above.
4.2.4.2.2

Example of DGap analysis

As a demonstration of the use of DGap, consider the balance sheet shown in Table 4.5 below.
The bank to whom this balance sheet belongs owns assets comprising cash, a 3-year commercial
loan and a 6-year government bond receiving coupons as shown. It has two interest bearing liabilities - a 1-year time deposit and a 3-year certificate of deposit, paying the coupons as indicated. Assume all assets and liabilities are currently priced at par - therefore yields to maturity
equal coupons received or paid. The yield to maturity of the total earning assets is 11.11%, calculated as a weighted sum of the individual asset yields to maturity. For the total liabilities, this
is 5.65%. The Macaulay durations, in the rightmost column are calculated using the yields to maturity in the YTM column.

Table 4.5. Hypothetical bank balance sheet. All instruments priced at par.
Par
R 1,000 Coupon

Assets
Cash
Earning assets
3-yr Commercial loan
6-yr Treasury bond
Total Earning Assets
Non-cash earning assets
Total assets
Liabilities
Interest bearing liabs.
1-yr Time deposit
3-yr certificate of deposit
Tot. Int Bearing
- Liabs.
Tot. non-int. bearing
Total liabilities
Total equity
Total liabs & equity

700
200
900
0
1000

12%
8%

620
300
920
0
920

5%
7%

Maturity YTM

Market
Value

Duration

2.69
4.99

2.88

1.oo
2.81

1.59

80
1000

80
1000

(Adapted from Koch and MacDonald, 2000).
The duration gap is calculated using Equation 4.1.

920
DGap= 2.88--x1.59=1.42
1000

years

The duration gap of 1.42 years implies that the average duration of assets is greater than for the
liabilities, hence asset values change by more than liability values for any given yield movement.
The minimum risk position, according to Equation 4.4 occurs when DGap = 0 as this eliminates
the risk of changes in the MVE. To achieve this, a change of -1.42 in the weighted assets duration is required (ADA = -1.42) or a change in the scaled, weighted liabilities duration of +1.54
from ADL = +1.42 (920/1000) = 1.54. Either of these changes will reduce the DGap to zero and
thus immunise the portfolio from yield changes.
As a further example, consider the balance sheet as before (Table 4 . 9 , but assume a 1% increase
in all yields as shown below in Table 4.6.

Table 4.6. Hypothetical balance sheet: yields to maturity greater than coupon rates
(by 1%).
Par
R 1,000 Coupon

Assets
Cash
Earning assets
3-yr Commercial loan
6-yr Treasury bond
Total Earning Assets
Non-cash earning assets
Total assets
Liabiiities
Interest bearing liabs.
1-yr Time deposit
3-yr Certificate of deposil
Tot. Int Bearing Liabs.
Tot. non-int. bearing
Total liabilities
Total eauitv
Total liabs & eauitv
I

.

700
200
900
0
1000

12%
8%

620
300
920
0
920

5%

Maturity YTM

Market
Value

Duration

2.69
4.97

2.86

1.oo
2.81

1.58

--

1000

(Adapted from Koch and ~ a c ~ o n a l d , 2 ~
The duration gap is again calculated using Equation 4.1.

906
DGap = 2.86 - -x
1S 8 = 1.36 years.
974

The duration gap of 1.36 years again implies that the average duration of assets is greater than
for the liabilities, hence asset values change by more than liability values for any given yield
movement. The change in the MVE may now be determined using Equation 4.4.

AA4VE = -DGap. ( l + AY

)

MVA

Totill assets

This example will be revisited in Chapter 6 (Section 6.2). Other duration definitions will be explored and tested empirically on South African yield curve data. Differences between the DGap
and hMVE forecast by the standard Macaulay duration measure and those forecast by alternative duration definitions will be discussed and compared in Chapter 6.

4.2.4.2.3

Embedded options

Embedded options strongly influence the estimated volatility in MVE. A bond being called will
shorten duration, a deposit that is withdrawn early will shorten duration, a deposit that is not
withdrawn as expected will lengthen duration, a deposit that is withdrawn early will shorten duration, a deposit that is not withdrawn as expected will lengthen duration (Koch and MacDonald,
2000:96).

4.2.4.2.4

Advantages of DGap over funding or maturity Gap

DGap analysis has the advantage of focusing on all cash flows from the underlying assets and
liabilities and not just cash flows that are expected to arise over short time intervals. Interest rate
risk can be summarized in one measure for the entire portfolio.

4.2.4.3

Income simulation models

Income simulation models allow a method to enable banks to forecast the way in which net interest income reacts to changes in interest rates. The South African regulator encourages banks to
perform at least rudimentary net interest income simulation testing even if gap analysis is used.
Income simulation quantifies risk in terms of income and, by extension, future capital accumulation. Although regulatory bodies encourage up to five years of forecast testing, one to two years
is usually the optimal modelling period (NCUA, 2005) since the longer the period, the less reliable the results of the forecast. The complexity of the simulation modelling should be governed
by the complexity of the banks' balance sheet. If the balance sheet contains mortgage-related
products or complex, option-embedded investments, the model should be able to incorporate
these characteristics (FDIC, 2002).

4.2.4.3.1

Static net interest income modelling

The simplest form of income simulation - static income simulation modelling - determines
changes in net interest income for immediate, sustained, parallel shifts in the yield curve of both
up and down 100, 200 and 300 bps and are measured from the base model (rate shocks). Static
modelling requires little, if any, subjective assumptions and is relatively inexpensive and uncomplicated to implement. The shocks to the yield curve, however, are prescribed and are not
representative of economic reality. Using this method, the full risks presented by longer-term
instruments could remain hidden (ICC, 2004).
4.2.4.3.2

Dynamic net interest income modelling

Dynamic net interest income simulation modelling is used to manage the bank's balance sheet
and earnings and, rather than consider only prescribed parallel shifts in the yield curve, examines
'what-if scenarios. In this way, bank management may explore best, worst and most likely case
scenarios and may investigate alternative budgeting scenarios. Dynamic modelling, however,
requires increased subjective assumptions (ICC, 2004).
4.2.4.3.3

Monte Carlo simulation modelling

Monte Carlo simulation measures may be used to determine the probable outcomes of events,
such as a movement in interest rates that have a random or stochastic element. Simulation models discussed in previous sections measure the value of the bank under a limited number of interest rate scenarios (ICC, 2004). Such approaches are 'deterministic' because the possible interest
rate paths are predetermined and controlled by the model user. Although deterministic models
are valuable, their outcomes depend on the interest rate scenarios. If actual interest rates differ
from assumptions, the risk to the bank may be substantially different from the measured risk
(Bessis, 2002:613). The outcomes of Monte Carlo simulations are less preordained than those of
deterministic simulations because the statistical modelling technique involved generates thousands of randomly determined interest rate paths. These interest rate paths result in a
distribution of possible interest rate scenarios. The value of the bank or the bank's portfolios is
then evaluated for each of the possible interest rate paths, yielding a range of possible values or
outcomes (Koch and MacDonald, 2000: 100).
4.2.4.3.4

Construction of a Monte Carlo simulation

Formulating a Monte Carlo model is complex and involves the following principles:

Develop the underlying probability distribution for interest rates that will generate the
random interest rate paths. Typically, the current forward yield curve is used to anchor
the probability distribution (ICC, 2004).

A model generates a multitude of random interest rate paths (typically several thousand).
However, certain properties are usually built into this process to ensure that the average
interest rate generated is consistent with the current structure of interest rates and that
the dispersion (distribution) of possible interest rates is consistent with observed volatility. These properties are important to ensure that the model does not introduce the possibility of 'risk-free' arbitrage. Essentially, the properties assume that markets efficiently
and fairly price securities, such that one cannot construct instruments with equivalent risk
and higher returns than what the market commands (Dimson and Marsh, 1996:1532).
The cash flows corresponding to each of the randomly developed interest rate paths are
calculated. That is, the bank specifies the relationships between the interest rates and the
cash flows of the bank's portfolios. For example, the bank would develop a prepayment function that relates mortgage prepayments with each interest rate path. Once adjusted for prepayments and other interest-rate effects, the cash flows are said to be 'option-adjusted.'
The option-adjusted cash flows for each rate path are discounted by the risk-free rate to
obtain their net present value. All of these outcomes are summed, and the total is divided
by the total number of rate paths evaluated to produce an expected net present value for
the distribution. If the cash flows have been adjusted correctly and the interest rate paths
correctly reflect market expectations about the distribution of possible future interest
rates outcomes, this expected net present value represents the base-case market price. If
the model's assumptions are accurate, the cash flows have been adjusted for all risks, and
the market for the instrument under consideration operates according to the underlying
theory (which assumes risk neutral valuation), this base-case price should be within a few
basis points of observable market prices. If the net present value does not match the market price, common practice is to add a fixed spread known as the option-adjusted
spread to the risk-free rate (James and Webber, 2000: 137).
After obtaining the base-case price in the previous step, the current forward yield curve is
'shocked' for each of the interest rate scenarios that banks consider in their risk analysis.
For example, if the bank is evaluating its risk for a parallel 200-basis-point increase in interest rates, it would shift the underlying distribution of interest rates (developed in the

first step) by 200 bps such that the expected mean (average) is 200 bps higher across the
maturity spectrum. These steps are then repeated, except that the 'market price' that is
generated as a result represents the price that would result if interest rates were to change
as assumed for that rate scenario (Dimson and Marsh, 1996:1533).

4.2.4.3.5

Advantages of Monte Carlo simulation

Monte Carlo simulation is a powerful risk analysis tool because it can accurately and clearly adjust risk estimates for optionality and convexity. Capital markets employ Monte Carlo techniques
to price interest rate derivative products and residential mortgage products using option adjusted
spread analysis. Monte Carlo techniques are employed to understand and evaluate current market
pricing as well as their economic Value at Risk. This technique provides banks with a valuable
tool for measuring and managing interest rate risk (ICC, 2004).

4.2.4.3.6

Limitations of Monte Carlo simulation

Monte Carlo simulations, like all interest rate risk measurement systems, are only as good as the
data and assumptions underlying the analysis. Two critical assumptions in Monte Carlo analysis
are the process used to derive the interest rate paths and the cash flow relationships developed
for each interest rate path. If these assumptions are faulty, the results of the simulation will
be potentially inaccurate. Monte Carlo simulations are complicated to develop and require substantial computing technology. To derive and apply this modelling process, a bank must
utilise personnel with considerable expertise in financial and statistical theory (ICC, 2004).
Inadequate risk management can result in heavy fines at best and - at worst - complete closure
of a bank, so it is in a bank's best interests to constantly review and keep current, its risk practices and processes. The next section presents a summary of regulatory and accounting rules and
procedures relevant for the banking book.

4.2.5 Regulation
At present, South Africa's supervisory regime for banks requires that they hold capital against
the interest rate risk arising from talung trading positions in interest rate markets (i.e., the interest
rate risk inherent in a banks' trading book). Banks are not required to hold capital against interest
rate risk in the banking book. This will change going forward, however, as the new accord provides the SARB and other national banking supervisors with the discretion to require capital to
be held against interest rate risk in the banlung book. The Base1 Committee (BIS, 2004) is of the

view that interest rate risk in a bank's balance sheet is a potentially significant risk and should be
incorporated into the capital framework. However, given the heterogeneity among international
banks in terms of the nature of the underlying risk and the processes for monitoring and measur-
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ing that risk, the Committee has determined that interest rate risk in the banking book should be
dealt with in Pillar Two of the new accord. This means that each national supervisor will have
discretion as to whether there is a need to require all, or some, banks to hold capital against this
type of risk.

4.2.6 Conclusion
This section established an overview of the sources, exposure and measurement of interest rate
risk in the banking book. In addition, current regulatory and accounting rules and future changes
to these (which have or will have a direct impact on this book) were outlined. Interest rate risk in
the bank's trading book - or trading portfolio - is considered in the next section.

4.3 Interest rate risk in the trading book
Although credit risk continues to be a cause of great concern, the threat posed by market risk interest rate risk in particular - is rising. The dictum that no bank can fail due to market risk no
longer holds: interest rate risk is now the dominant market risk (Miller, 2004). Banks have increased their awareness of risk management practices as a result of high profile failures, advances in technology and developments in the regulatory process. There has been an increased
emphasis on the quality of internal management systems as a key defence against large trading
losses such as those experienced at Barings, Daiwa, Sumitomo and National ~estminste?'. Advances in technology have enabled institutions to develop more sophisticated systems for monitoring and controlling risk. Regulatory developments have contributed by recognising the more
rigorous risk management methodology contained in banks' internal models for the purpose of
setting market risk capital standards.
Risk measurement methodologies are becoming increasingly sophisticated and some form of
VaR model is generally used to analyse and monitor market risks. VaR models aim to measure
the potential loss on a portfolio that would result if relatively large adverse price movements
were to occur. VaR is used predominantly as a high level management tool with structural limits,
such as basis point values and net open positions, used to influence trader behaviour. VaR is,
however, starting to be driven down to the dealer level as traders become more sophisticated and

' Barings made losses totalling $1.89 billion due to the unauthorised trading activities of Nick Leeson. These activities went undetected as a consequence of a failure of management and other internal controls of the most basic kind
(Rawnsley, 1995). At Sumitomo Corporation, the company's chief copper trader lost an estimated $1.8 billion on
futures contracts. Sumitomo did not separate its front office trading activities from its back office processing and
control unit. The trader also reportedly declined to take a holiday in his ten years at Sumitomo, thus making it more
difficult for auditors to discover his wrongdoing (Krugman, 2002). At Daiwa bank, Toshihide Iguchi accumulated
$1.1 billion of losses over 11 years of bond trading in New York. There were a number of internal control weaknesses at the bank including the fact that Iguchi was responsible for both securities trading and custody operations
and some related back office functions (FDIC, 1995). The NatWest Group recently announced a £77 million charge
against pre tax profits as a result of losses incurred in the London interest rate options business (Wolfe, 2001).

measures such as risk adjusted performance (based on VaR) shape behaviour and move capital to
its most efficient use (Matz, 2005: 16).
A comprehensive stress testing program is an essential supplement to a VaR model. Stress test-

ing involves subjecting trading portfolios to unexpected but possible shocks in market or political conditions. This enables an institution to evaluate its capacity to absorb potentially large
losses and to identify steps that it can take to reduce its risk and conserve capital. The move
moving towards more regular stress testing is in part being driven by the market risk capital requirements whereby banks using internal models will be required to submit the results of their
stress testing scenarios to the Reserve Bank on a quarterly basis (SARB, 2005).
For a number of institutions with large balance sheets the interest rate risk lying within the banking book is substantially greater than the market risk sitting within the trading book. Therefore,
it is essential that a comprehensive risk management framework is developed, that effectively
identifies, measures, monitors and controls interest rate risk exposures. In general, increasing
resources and attention is being devoted to balance sheet risk management. Systems used are
becoming more sophisticated as institutions move away from traditional gap analysis to simulation of net interest income and market value of equity. State of the art techniques including
simulation and option type analysis are being used to analyse the risks underlying the balance
sheet in greater detail. The aim is not only to manage these risks but to add value to the entire
process (SARB, 2005).
The integrity and timeliness of data on current positions is a key component of the risk measurement process. One of the biggest hurdles is obtaining accurate, timely data across the entire
operation from retail banking to Treasury. The problem arises because of the large number of
disparate systems that are used. This data aggregation problem implies that detailed analysis of
interest rate risk is usually only conducted on a monthly basis. In the interim, however, major
movements in the balance sheet are monitored. At smaller institutions, the problem of aggregating data over a number of systems is substantially reduced and this enables the management of
interest rate risk on a more frequent basis, often using simpler techniques.
The complexity involved in modelling interest rate risk has meant that even the Base1 Committee
has deferred the development of a capital standard. The complexity arises from the fact that as
well as technical assumptions and economic forecasts one needs to take into account customer
behavioural patterns, such as break-outs and prepayment behaviour, which is hard to model accurately. In addition, the difficulties associated with determining objective mark to market values
for assets and liabilities (e.g. loans) introduces another level of subjectivity to the process. De-

spite these complexities, the magnitude of potential interest rate risk on the balance sheet implies
that banks as well as supervisors will devote more attention to this area over the next few years.

4.3.1 Interest rate risk in the trading book
Market risk is defined as the potential loss arising from changes in market prices, namely, foreign exchange, interest rates and equity prices. Market risks are calculated using Value-at-Risk
methodologies (variance/covariance and simulation models) and are managed using a framework
of market risk management policies and risk control procedures, as well as risk and loss limits.
Transactions undertaken for trading purposes are marked-to-market and the resulting gains and
losses are taken up in the profit and loss accounts. Transactions designated as hedges are accounted for in a manner consistent with the accounting treatment of hedged items. Stress and
scenario tests are performed on the trading and investment portfolios to provide early warning of
potential worst case losses so as to facilitate proactive management of these risks in the rapidly
changing financial markets. A risk-reward measure of Earnings-at-Risk is used as a standard
measurement of the risks against related rewards across different products and business types.

4.3.2 Interest rate risk measurement in the trading book
4.3.2.1

Value at Risk

Value at Risk (VaR) is a relatively new - but important - player in the arena of interest rate risk
management. Essentially, VaR is the amount that a bank, for a given probability, can lose at
most when the market (i.e., interest rates) changes adversely. In the VaR approach, probability
distributions of interest changes, levels and term structure, are estimated (Pritsker, 1996:213).
There are many ways to develop VaR models. Much research is devoted to the question of how
best can the interest rate sensitivity of the many individual financial instruments on and off the
balance sheet of a bank be aggregated.

VaR definition
Market risk measurement is a field that has seen some breakthrough advances in the past few
years, but still offers plenty of room for improvement. The tool that revolutionized market risk
measurement is value at risk (VaR), a scenario analysis technique that expresses market risk with
relation to a confidence level. To calculate VaR, the following preliminary steps must be completed:

A risk horizon must be specified. A risk horizon is the time period during which losses
may occur.

A confidence level must be defined. A confidence level may range from 0% to 100%. A
95% confidence level, for example, indicates that there is a 95% chance that the worst

case scenario will not exceed the computed VaR.
A calculation frequency must be chosen. The period of time between calculations should
not exceed the risk horizon.
Once the above mentioned variables have been fixed, a VaR can be calculated. The result is a
monetary value, R x , that represents total losses due to market risk at a specific level of certainty,
for example 95%. This means that a risk manager calculating this VaR can be 95% sure that his
firm will not lose more than R x . Generally, 100% is not used as a confidence level because the
intuitive solution is that the entire portfolio of assets can be lost. Decreasing the confidence level,
even by a few percentage points, provides a far more accurate and realistic assessment of possible market risk losses (Marshall and Siegel, 1996:107).
Calculating Value at Risk

There are three main techniques that VaR may be calculated, namely the parametric (or variancecovariance 'VCV') approach, historical simulation, and Monte Carlo analysis. First, the VCV approach calculates VaR as a multiple of the standard deviation of a portfolio return. This method
is convenient because it computes VaR quickly, but it is unreliable if the portfolio contains
nonlinear instruments, such as options. In addition, it assumes that portfolio returns are normally
distributed - which is often not true in practice (Matz, 2005: 19).
fistorical simulation works on the principle that the future will behave exactly like the past. The
distribution of returns is re-valued using only historical data. As a result, no assumptions need to
be made regarding the distribution. The downside of this method is that its dependency on past
data reduces its ability to provide a full range of possible outcomes in the futures (Matz,
2005: 18).
Monte Carlo analysis derives VaR from random market (or risk factor) movements. This flexible
approach offers a wide range of possible outcomes and can be used for any distribution of return.
However, it is also the most costly and time intensive approach. In particular, Monte Carlo is not
recommended for especially large or complex portfolios.
4.3.2.1.3

Advantages of the VaR approach

VaR approaches provide general tools to manage interest rate risk. VaR is a single risk measure
which employs market value accounting and uses an explicit empirical probability distribution
for interest rate changes rather than a hypothetical x %-change scenario.

4.3.2.1.4

Disadvantages of VaR

VaR employs a number of assumptions - most of which are invalid. For example, VaR aims at
value gains/losses for specific time horizons, usually very short time horizons (days or months).
Standard VaR considers interest rates to be randomly drawn from a probability distribution of
interest rates. This is adequate for short horizons (reflecting the assumption of random walks in
financial market prices), but is inadequate for long horizons. Market turbulence badly affects
VaR precision, market liquidity is not well-monitored and when VaR is exceeded, the potential
loss cannot be calculated (Botha et al, 2001:26).
All of these are concerns of risk managers that are addressed through alternate market risk measurement techniques. Stress tests, one such approach, can measure the potential loss when VaR is
exceeded. Over long periods, interest rates are affected by systematic components in monetary
policy, inflation, business cycle, etc. These are not random changes but persistent, cyclical
changes. The true risks to banks are longer-term, persistent changes in interest rates, not shortterm, temporary changes. Popular interest rate models such as Cox, Ingersol, Ross (1985), Ho
and Lee (1986), Hull and White (1990) are complex and require a detailed understanding of the
modelling procedures involved and must be incorporated into the VaR model in order to measure
long-term interest rate risk.
VaR alternatives
Through scenario analysis, stress tests reveal portfolio losses under worst case scenarios. They
are very useful tools for determining if a portfolio requires diversification, however, unlike VaR,
they do not compute the likelihood of these scenarios. Extreme value theory (EVT) is another
alternate technique and is used to model unusual and rare circumstances. Like stress tests, EVT
can help measure losses when VaR fails (Coles, 2001:132).

4.3.3 Regulation
At present, AC 133 governs the accounting standards for South African banks. Banks in this
country are moving towards reporting under International Accounting Standards (IAS 39) which
themselves changed in January 2005 to embrace fair value accounting for all off-balance sheet
derivatives - not only those used directly purely for hedging purposes. Improved accuracy in the
pricing of interest rate derivatives and the measurement of the risk these instruments present is
increasing and shows no signs of abating. Defaultability and embedded optionality are two important features of contemporary interest rate instruments that must be taken into account when
determining their interest rate risk. This will involve a better estimation of duration: the current

Macaulay duration framework is incapable of accurately estimating the duration of such instruments.

Conclusion
This chapter established an overview of the sources, exposure and measurement of interest rate
risk in the banking and trading books. In addition, current regulatory and accounting rules and
future changes to these (which have or will have a direct impact on these books) were outlined.
Improvements to the existing Macaulay duration - aimed at enhancing the performance of this
measure in a modem context - are considered in the next chapter. A later chapter will consider
the possibility of entirely new definitions of duration as interest rate risk measures.

Chapter 5
Macaulay duration modifications
Introduction
The historical development of the Macaulay duration was presented in Chapter 3. Mathematical
subtleties which define and place the measure in context were also discussed. As financial instruments develop and evolve into more and more complex conglomerates and the field of structured finance becomes more elaborate via the use of derivatives and the ever-increasing demands
of an exacting investment community, the tools required to measure risk associated with these
instruments must evolve too22.The Macaulay duration is based on several restrictive assumptions which are untenable in the modem, rapidly-developing financial world of complex securities, stochastic probabilities of default and embedded optionality. This is not due to careless
mathematics of formulation, but rather a failure to foresee the explosive growth of defaultable
and perpetual-maturity instruments as well as those with embedded option features. Financial
markets have evolved substantially, but the Macaulay duration has struggled to keep pace.
Improving the accuracy of the measurement of interest rate risk in the banking and trading books
is the key focus of this thesis. Fair value measurement techniques, such as DGap, employ duration as a chief component to quantify interest rate risk. If the duration measurement employs limiting assumptions or requires highly restrictive conditions in which to operate, estimates of the
fair value will be subject to these same limitations. If the Macaulay duration is to survive at all as
a key measure of interest rate sensitivity (and this is by no means certain), structural modifications are urgently required.
Revisions and amendments which address significant shortcomings of the Macaulay duration are
developed and explored in detail in this chapter. Models are first constructed using contemporary
mathematics of finance and these are then tested empirically using South African market data. If
found to be reliable and robust these may enable market practitioners to incorporate complex instrument properties into the current Macaulay duration formulation.
22 Interest rate risk has also been explored in the context of yield curve term structure models and a number of alter-

native ways of estimating these has been considered. Some are purely used as interpolation functions, while others
are fully specified, dynamic term structure models. Vasicek (1977) and CIR (1985) made use of multi-factor term
structure models whilst Nelson and Siege1 (1987) proposed an approximating function using principal component
analysis or PCA. PCA is widely used, but the technique employs limiting assumptions. The effects of taxes and
transaction costs, embedded options and both option and convertibility features, for example, are all ignored. A
comprehensive review of both the theory and application of PCA is given by Hansen (1982), Litterman and
Scheinkman (1991), Knez et a1 (1994), Basilevsky (1995), Shao and T u (1995), Rebonato (1996), Rebonato and
Cooper (1996), Singh (1997), Golub and Tilman (1997), Thomas and Wilner (1997) and Buhler et a1 (1999).

Within the last 30 years, duration-based investment strategies have been intensively developed
and implemented with professional fixed income portfolio managers employing duration concepts to manage, hedge and mitigate interest rate risk (Fisher, 2004). More recently, bond and
mortgage portfolios that include instruments with embedded optionality have been explored in a
variety of ways using a duration framework (e.g., Sarkar, 2000, Guntay, 2002 and Jacoby, 2003).
As credit risk becomes increasingly established as a new realm of investigation and scrutiny
amongst regulators and investors alike, defaultable securities and the influence of defaultability
upon duration (and hence ultimate payoff) have also begun to be studied (Nawalkha, 1996 and
1999). The major shortfalls of the Macaulay duration are discussed in the following sections.

5.1.1 Defaultability
A criticism levelled at Macaulay's duration - that of its inability to correctly handle defaultable
bonds or other defaultable fixed income instruments - could, in principle, have been dealt with in
the 1940's when the Macaulay duration began to establish itself as the preferred fixed income
volatility measure. An important factor that hampered early improvement was the then immaturity of the fixed income market. Default - though always present - was not then considered to be
of catastrophic proportions and it was not until the debt market explosion of the 19901s,that disasters such as those of Barings (Leeson and Whiteley, 1996) or Long Term Capital Management
(Lowenstein, 2001) were even considered possible - let alone the corporate meltdowns and
Chapter 11 bankruptcies recently experienced by Enron (The Economist, 2001) and Worldcom
(The Economist, 2002). These experiences led to the swift development of more flexible duration
models.
Section 5.2 makes use of new, but existing, credit default models and then applies these results to
the existing Macaulay duration measure. This approach has not been used previously and early
research shows promising theoretical and empirical results.

5.1.2 Optionality
Optionality of fixed income instruments required Black and Scholes to solve their eponymous
equation - achieved only in 1973 - before analysis on this problem could proceed with any earnestness. Optionality was in any case a rare bond feature and not worthy of impeding the rollingout of the Macaulay duration measure in 1938.
Embedded optionality has become a feature of many retail products23 as it provides investors
with the option to alter the cash flow of products, often in response to changing interest rates,
The US-based Fixed Investment Securities Database recorded some 18,500 US-dollar fixed-rate corporate bonds
in April 2000, of which 65% (both in number and in offering amount) were callable (FISD, 2000).
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and thus impacting on the amount of interest rate risk to which the bank is exposed. Some fixed
rate mortgage products, for example, give borrowers the option to prepay the loan early without
penalty. For these mortgages, prepayments tend to increase as interest rates fall and decrease as
interest rates rise. The result is a divergence between scheduled and actual cash flows attached to
the mortgage. Another example of embedded optionality is an at-call deposit, where investors
have the option of withdrawing the deposit funds at any time. The treatment of such deposits is
made all the more difficult by the fact that the interest rates received by customers are administered by banks, being driven largely by competition and internal cost factors.
Section 5.3 applies the well-known Black formula to the determination of the price of a bond
with embedded optionality, but then introduces a probability measurement technique to estimate
the duration of bonds with option-embedded features. This approach is new, but empirical results
are encouraging.

5.1.3 Perpetual-maturity instruments
The Macaulay duration does not consider open-ended investments - such as bank deposits - despite the obvious need to be able to handle such instruments. These often constitute a large part
of the banking book.
The above three problems will be considered empirically, using South African data where possible, to determine whether the Macaulay duration may be adapted to deal with these objections.

5.2 Duration of defaultable bonds
Institutions are increasingly facing credit (or counterparty) risk arising from many financial instruments, but exposure to corporate bond credit risk continues to be one of the leading sources
of risk in financial institutions world-wide. The effective management of this credit risk is a
critical component of a comprehensive approach to risk management and essential to the longterm success of any financial institution. The identification, measurement, monitoring and controlling of credit risk as well as the determination of adequate capital against these risks has
called for increased attention to such bond features as optionality and defaultability, both of
which alter the timing and quantity of promised cash flows for callable, corporate bonds. Prior
research (e.g., Sarkar, 2000509) has indicated the theoretical importance of adjusting Macaulay
duration for the impacts of default and call.
This thesis, however, focuses on interest rate risk and thus considers defaultability from this perspective. Default-prone financial instruments will have an impact upon the earnings (net interest
income) as well as the fair value of the book (economic impact).

5.2.1 Theoretical framework
5.2.1.1

Introduction

Financial institutions have faced difficulties over the years for many reasons, the major cause of
serious problems continues to be directly related to lax credit standards for borrowers and counterparties, poor portfolio risk management, or a lack of attention to changes in economic or other
circumstances that can lead to a deterioration in the credit standing of an institution's counterparties (BIS, 2001). Credit risk is defined as the potential that a borrower or counterparty will fail to
meet its obligations in accordance with agreed terms and the aim of credit risk management is to
maximise an institution's risk-adjusted rate of return by maintaining credit risk exposure within
acceptable parameters (Schonbucher, 2003:56). The effective management of credit risk, then, is
a critical component of a comprehensive approach to risk management and essential to the longterm success of any financial organisation. For most organisations, loans are the largest and most
obvious source of credit risk, although credit risk (or counterparty risk) from instruments other
than loans (including acceptances, inter-bank transactions, trade financing, foreign exchange
transactions, financial futures, swaps, bonds, equities, options, and in the extension of commitments and guarantees, and the settlement of transactions) also exists. Institutions are increasingly
realising the need to identify, measure, monitor and control credit risk as well as to determine
that they hold adequate capital against these risks and that they are adequately compensated for
risks incurred.
Among these measures, the Macaulay duration still features prominently (e.g., Nawalkha,
1999:13, Sarkar, 2000522, and Jacoby, 2003:2308), but standard Macaulay duration - which
determines the price sensitivity of loan instruments to interest rates - ignores two important loan
features: the possibility of exercising embedded optionality and the probability of default. The
former is considered in Section 5.3, the latter is discussed in the next section.

5.2.1.2

Bierwag's contingent cash flows

Bierwag (1987) recognised that calculating the Macaulay duration for the defaultable bond
above may be severely inaccurate. Clearly, the promised cash flows may not materialise because
of default losses and the yield to maturity may therefore not be realised either. Bierwag observed
that, if F, is the promised cash flow at time t , it may be replaced by an expected cash flow, F*
which adjusts for default losses. Assuming no other risks, the expected default losses may be accounted for using the risk free rate of return, r F . The actual yield to maturity, r(> r,), includes
the risk premium. Discounting the adjusted flows at the adjusted rate should be equivalent to discounting the promised flows at the risk free rate. If P is the price of such a security, then
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Two durations may thus be calculated: one using F' and rF and the other using F, and r . There
is, of course, no reason to expect the two durations to be equivalent. Using data from the previous sections and combing them with bond and bond-option pricing theory, the relevant Macaulay
durations may be measured.
In order to calculate F* and r , constituents of Equation 5.1 are first required. Measurements of
both absolute and marginal probabilities of default are, however, non-trivial. Bienvag did not
have at his disposal the tools and techniques which are in abundant use today. The remainder of
Section 5.2 concerns the history of the efforts to determine and calculate the components embedded in Equation 5.1.

5.2.2 Literature Survey: defaultable and option-embedded securities
The duration research since the late 80's has focused on either defaultability or optionality and
sometimes on both. Some work has attempted to isolate the effects of default and optionality and
almost all of it has approached the problems from the point of view of claims models.
Fons (1990:21) presented a theoretical framework for the adjustment of duration for the risk of
default and concluded that risk-adjusted duration should be lower than its Macaulay counterpart.
His conclusion, however, depends heavily on his assertion that a bond's credit quality is negatively correlated with the level of the riskless term structure. Fons' empirical evidence demonstrates that, during the 1980-1988 period, the risk-adjusted duration of corporate bond indices of
all ratings was significantly lower than their Macaulay duration. It is also important to note that
Fons ignored optionality as a factor in measuring the bond's price sensitivity to changes in the
riskless rate. Many of the corporate bonds included in the indices he used were, in fact, callable
and subsequent studies have shown that optionality is perhaps an even more important adjustment factor for highly rated corporate bonds relative to the adjustment for default risk (e.g., Ho
and Lee, 1986:1017, Jacoby, 2003:2301 and Acharya and Caprenter, 2002: 1359).
Babbel, Merrill and Panning (BMP) (1997) compared interest sensitivities of risk-prone and riskless bonds and isolated the effects of default risk. BMP utilized option-pricing technology to calculate risk-adjusted duration and compared it to the duration of matched, synthetic Treasury
bonds. They found that risk-adjusted duration was lower than riskless duration for all levels of
yield spreads, with the difference monotonically increasing with yield spreads. The statistical
robustness of BMP's results, however, has been questioned (see, for example, (Jacoby and Roberts, 2003:2300) and it has been pointed out that the implications of their results are less impor-
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tant to bond portfolio managers who use Macaulay duration with the risky yield. This is because
the underlying reference to estimate the sensitivity of the value of a risky bond changes in the
riskless term structure.
Fooladi, Roberts and Skinner (FRS) (1997:2) derived a risk-adjusted duration measure for corporate bonds while considering both risk aversion of investors and a delay period in recovery in the
default process (a feature introduced in a different form by Bierwag and Kaufman, 1988:41).
FRS showed that incorporating the delay period, especially for zero-coupon bonds with a material risk of default, may result in a risk-adjusted duration greater than the bond's time to maturity.
This result was attributed to the positive probability that the issuer of a zero-coupon bond would
default at maturity and bondholders would receive any recovered amount only after a certain
waiting period (delay period). Jacoby (2003:138) also included risk aversion and delay in recovery, and found a similar result. Jacoby's risk-adjusted duration may also be greater than the
bond's maturity. However, it will always be greater than the Fisher-Weil duration (or Macaulay
duration) when flat term structures are assumed, due to the delay period. Like FRS, Jacoby assumed independence between the probability of default and the riskless term structure.
Chance (1990:266) provided the first contingent claims model in an effort to understand the effects of default risk on corporate bond duration. His model was based on fairly restrictive assumptions (namely that the duration of a firm's underlying stock could only be greater than zero
since the duration of the firm's assets were assumed to be zero). Merton's (1974:452) optionpricing model for the valuation of risky pure discount bonds was used (by Chance (1990)) as
well as results obtained by Garman (1995:311) for the sensitivity of an option's value to changes
in interest rates. Chance expressed the duration of the discount bond as the weighted average of
the duration of a riskless discount bond and that of a put option written on the firm's assets. Like
Merton, Chance assumed that the firm's assets followed a diffusion process independent of the
short riskless interest rate process and, therefore, the duration of the firm's assets must be zero.
Although Chance's model is intuitively appealing, it is difficult to construct in practice because
the duration of a firm's assets cannot be directly observed and is thus assumed to be zero. Zero
asset duration is also implicitly assumed in the work of Merton (1974:453) and Galai and Masulis (1976:119) since they are both based on the Black and Scholes option pricing framework.
Nawalkha (1996:230) extended Chance's model by allowing dependence between the two processes, implying a nonzero duration of the firm's assets. Unlike Chance's duration, Nawalkha's
duration was not restricted to be lower than the maturity of the risky discount bonds. Since the
Macaulay duration of a pure discount bond is its time to maturity, Nawalkha's model implied that
the risk-adjusted duration of a pure discount corporate bond could be either lower than, equal to,
.
-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

83

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

or higher than its Macaulay duration. Nawalkha (1999:7) provided a contingent claims analysis
of the interest rate characteristics of corporate liabilities by using Vasicek's (1977:179) meanreverting term structure model in Merton's (1974) option pricing model. He found that the duration of defaultable securities, issued by firms having assets with low interest rate-sensitivity, was
an increasing function of the bond's default risk: the reverse is true for bonds having assets with
a high interest rate-sensitivity. An important consequence of Nawalkha's model is that the duration of a defaultable zero coupon bond will be greater than the corresponding duration measure
proposed by Chance.
Acharya and Carpenter (2002:1362) developed a model for the valuation of callable defaultable
bonds. In their paper, both interest rates and firm value were stochastic, and the call and default
decisions were endogonised. With respect to interest-rate sensitivity, as in other models applying
option-pricing technology, their model implied that default risk alone reduced the bond's duration. Acharya and Carpenter also showed that call risk, when isolated from the risk of default,
I

shortened bond duration. When considering both default and call risks together, they demonstrated that as the probability of default increased, the impact of the call option on the bond duration diminished. A higher default risk provided an incentive to the issuer to wait longer before
calling the bond, and resulted in a higher effective duration for the bond (Ho and Lee,
1986:1018).
Kihn (1994:33) explored default and call risks for corporate bonds. He paid special attention to
the case where both credit quality and interest rates decline. For low grade bonds the credit deterioration depresses bond prices to a level low enough to discourage issuers from exercising the
call provision. Kihn provided empirical support for his hypothesis by analyzing return volatility
of high-grade and low-grade bonds. His results supported the theoretical implications of Acharya
and Carpenter's (2002) bond pricing model.
Bierwag et al, (l983a: 17, l983b:ll8, 1983c:109), Morgan (1986:88) and Ott (1986:927) all extended work on the Macaulay duration measure used for corporate securities, but all ignored the
effects of default risk. Bierwag and Kaufmann (1988:41) did further work in which the assumption that a simple linear relationship exists between the risk adjusted return and a defaultable duration was made. The error in estimating the Macaulay duration (by not taking stochastic processes of default into account) was found to be larger the greater the default risk premium.
Xie et al, (2002) used the Cox, Ingersol, Ross (1985:386) term structure model to evaluate duration of defaultable securities. Xie et al, found that the duration for defaultable bonds could be
longer or shorter than default-free bonds, depending on the relationship between interest rates
and the default intensity of defaultable bonds.

1
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Several approaches have been developed regarding optimal exercise strategies for embedded call
options. In particular, one can distinguish between models using partial differential equation
(PDE) techniques and the Martingale approach. Regarding the PDE-based literature, models with
default were advocated by Merton (1974), who argued that prices of a callable, defaultable bond
solve a PDE subject to boundary conditions that describe default and call events. Closed-form
solutions do not exist therefore finite-difference methods are applied. Kim et al, (1993: 120) extend this work by allowing for stochastic interest rates, but found no difference between these
results and those using finite-difference methods.
In Sarkar (2000:51 I), imperfections in the capital structure (refunding costs, taxes, bankruptcy
costs) alter the optimal call policy. Martingale methods simplify the calculation of prices of
bonds with embedded options. Duffie and Singleton (1999:692) relied on the Martingale approach to price callable, defaultable bonds assuming that the issuer calls the bond to minimize its
market value, which is optimal assuming perfect capital markets and the absence of other motives to exercise bond calls or to postpone exercise. Acharya and Carpenter's (2002: 1360) model
used call and default options as American options written on a non-callable, default-free bond
with fixed continuous coupons. In a related paper, Guntay (2002) proposed a double-hazard (see
Section 4.2.4) framework to price callable, defaultable coupon bonds. He modelled call risk and
default risk as two correlated hazard processes, and allowed taxes and refunding costs to affect
the arrival rate of the call, and firm characteristics to influence the arrival of default. Peterson
and Stapleton (2003:182), in a recent contribution to the pricing of options on credit sensitive
bonds, built a three-factor model for the term structures of default-free yields and for correlated
credit spreads. They priced Bermudan-style options on defaultable bonds using a recombining
log-binomial tree methodology. These models are complex in both formulation and implementation and are thus of limited use in banking environments which require the accurate, but prompt,
measurement of duration.
All of the work discussed in this section was considered for the provision of a robust yet straightforward duration measure in the South African market. Whilst results gathered from - and techniques employed by - these authors tempered the direction of study, their work was ultimately
not used. Regulatory and accounting standards demand that an interest rate risk measure be not
only sufficiently accurate for everyday use, but also easily implemented, maintained and updated. In the light of these requirements, the work suggested by Bierwag (1987:324) was used as
a starting point. These ideas are then expanded in this chapter to embrace financial instruments
which face the probability of default.

Bierwag (1987:324) suggested - but did not develop further - ideas on embedded optionality and
defaultability, now Bierwag considered the problems of defaultability and optionality from the1
point of view of simple discounted cash flow pricing models. Using the definition of the Macaulay duration as a price elasticity, he considered the evolution of the Macaulay duration in terms
of its constituent factors. He argued that different cash flows arise from different contingencies
and thus give rise to different Macaulay durations. For defaultable securities, the Macaulay duration changes because of different cash flow outcomes (see Section 5.2.1.2). Bierwag (1987) did
not explore these ideas much beyond this point, possibly because the then fledgling credit market
was woefully unsophisticated. Only a rudimentary body of knowledge governing the probability
of default, recovery rates and time to default of financial instruments existed.
The recent upsurge of interest in the field of credit risk has provided quantitative analysts with an
array of tools for the estimation of default probabilities, recovery rates and times to default (e.g.
see Sarkar (2002), Xie and Lui (2002), Schonbuchler (2003), Rutkowslu (2003) and Peterson
and Stapleton (2003)). These tools range from fairly straightforward models to highly complex,
stochastic descriptions of the credit environment, but almost none were available nor in frequent
use in 1987. These tools have now been adapted, implemented and tested in this thesis to extend
and embellish Bierwag's suggestions regarding different cash flows for different contingencies.
The next section presents a background to the pricing of defaultable securities with the aim of
measuring the different cash flows suggested by Bierwag (1987).

5.2.3 Pricing of defaultable securities
5.2.3.1

Introduction

A duration measure capable of accounting for default-prone securities first requires a pricing
model to establish the fair value of contingent cash flows. Recall that the Macaulay duration is
the present value of the time-weighted sum of relevant cash flows (Equation 3.3). The measurement of the Macaulay duration for a default-prone security, therefore, requires knowledge of all
cash flow amounts - both contingent and known - as well as probabilities associated with each
event. More complex models require information about two more stochastic parameters, namely

1 times to default and recovery rates. The market is a rich source of such information. Real-time
prices and yields of most publicly traded instruments are easily obtained from data vendors such
s ~ ~ l o o m b e rbut
~ ~encoded
,
in these data is the market's assessment of obligors'
as ~ e u t e r and
default risk, as well as price structures of various other prevailing risk premia. This embedded
information may be recovered and utilised to price new securities (about which little else may be

known), provide an understanding of default probabilities and the timing thereof during the life
of instruments or simply supply a risk profile assessment to expose arbitrage opportunities.
Extraction of these encoded data, whilst not necessarily deeply complex, does require some effort and comprehension of the mechanics of probability theory (structural models) or the Black
and Scholes equation (closed form models). The effort is warranted only if certain assumptions
about the market and its participants are made. Firstly, some degree of market efficiency must be
assumed. If this is true, the market as a whole will embrace more information than any single
participant, and the amassed information will be aggregated into market prices (Audet and
Doshi, 2003). Secondly, models which are based upon and calibrated to prices of traded assets
will be immune to simple arbitrage strategies using these traded assets (though this does not exclude using other traded instruments to create arbitrage opportunities). Finally, implied default
probabilities that have been recovered from market prices of traded assets also supplies risk premia associated with this type of risk (Caouette et al, 1998:89).
A brief literature survey regarding the pricing of default-prone corporate securities is presented
in the next section. This survey provides a general background to work whose aim is the linking
default probability and frequency to market-observable credit spreads.

5.2.3.2

Literature survey: credit pricing

The theory of pricing credit risk was originally developed for valuing risky corporate debt.
Credit pricing models are usually split into two distinct groups: asset-based (or structural) models and intensity-based (or reduced form) models.
Asset-based models assume a value process for the firm's underlying assets. The firm defaults
when the value of the firm's underlying assets drops below its financial commitments or below
an exogenously specified boundary. An aspect of the structural models may also involve debtor's
incentive patterns. This approach was proposed by Merton (1974) and developed further in work
performed by Black and Cox (1976), Fischer (1989), Hull and White (1995) and others (e.g.,
Longstaff and Schwartz, 1995).
Reduced form models assume an exogenously specified bankruptcy process. These intensity
based or reduced form approaches were developed by Jarrow and Turnbull (1995) and refined by
Jarrow et al, (1997), Lando (1998), Duffie and Singleton (1999), and others (e.g., Frey and
McNeil, 2003). Recent research has focused on imposing specific dependence structures on observed market data. Research in this direction includes Li (1998), Frey et al, (2001), Schonbucher and Schubert (2001), Hull and White (2001), and Jouanin et al, (2001). All of the above

may be mapped into the so-called hybrid approach, which integrates the important advantages of
both the structural and reduced form approaches.
Berndt et al, (2004) estimated default risk premia for U.S. corporate debt, based on a close relationship between default probabilities, as estimated by Moody's KMV expected default frequencies and credit default swap market rates. The default-swap data, obtained from 22 US banks and
specialty dealers, allowed the authors to establish a strong link between actual and risk-neutral
default probabilities for the 69 companies analysed. Risk premia were also found to vary dramatically over time. A simple linear model of the relationship between a firm's 5-year credit default spread and the 5-year expected default frequency (measured in bps on the same day) was
used. Bohn (2000:60), Delianedis and Geske (1998:27), Delianedis et al, (1998), and Huang and
Huang (2003) used structural approaches to estimating the relationship between actual and riskneutral default probabilities, assuming that the asset value process is described by the BlackScholes-Merton and volatility is constant.
South African corporate default frequencies are extremely difficult to source and those that do
exist have relatively short histories (ICP, 2005). The corporate defaults, therefore, provide insufficient data for determining risk premia using Berndt's methods. Instead, a generalised reduced
form model - adapted from Schonbucher and Schubert (2001) - was used. This model was chosen as it is both widely used and simple to understand. In addition, Bierwag (1987:324) alluded
to a similar idea24and indeed, it is the underlying model used by Li (1998:41) in the construction
of the credit curve. Li's credit curve construction is discussed in Section 5.2.4.
5.2.3.3

General credit pricing model

A defaultable corporate bond, with parameters as defined below, may be priced using:
PV of nominal (nodehult)

where it is implicitly assumed that default can only occur on coupon payment dates and:
ci is the ithcoupon cash flow,

r is the yield to maturity,
e-dl is the continuously compounded discount factor for the ithperiod,
ti is the ithcoupon period,

As stated previously, these ideas were never developed further until now.
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n is the number of payment periods until maturity,
PA(i) is the cumulative, absolute probability

of default,

N is the face value of the bond,

R is the recovery rate, expressed as a percentage and
PM(i) is the marginal probability of default in the period i-I to i (Sch6nbucher,2003:55).
Thus, for a two-year, defaultable, semi-annual, coupon bond (four payment dates) may be valued
by discounting the cash flows indicated below in Figure 5.1, by the continuously compounded
yield to maturity, r. Blue lines (upwards) indicate payments payable in the event of default.
Black

solid

lines

(downwards)

indicate

payments

made

if

no

default

occurs.

Thus, at Node 1 (end of first coupon period):

.

Default: (probability of defaulting between t = 0 to t = 1 is PM(1) = PA(1)), coupon
paid; only a fraction ( R ) of the face value (N) is paid out - given by N. R. (PM(1)).

.

No default: (probability 1- PA(1)), coupon (ci ) paid.

At Node 2 (end of second coupon period):

.

Default: (probability of defaulting between t = 1 to t = 2 is PM(2)), coupon not paid;
only a fraction (R ) of the face value (N) is paid out - given by N. R . (PM(2)).
2

.

No default: (probability 1- PA(2) where PA(2) = f PA (t) .dt ), coupon (c2), and so on.
1=0

Figure 5.1 Contingent cash flows used to price a defaultable corporate bond.
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Equation 5.2 provides a robust means of establishing the price of a default-prone security. If the
assumption is made that recovery rates and times to default are deterministic (requirements of
this model, see (Schonbucher, 2003:57)), the problem of determining default probabilities still
remains. These may be measured using Li's (1998) work and their extraction is discussed in the
next section.

5.2.4 Credit curve construction
5.2.4.1

Introduction

The work described in this section was based upon Li (1998:42), who used a hybrid approach of
the credit pricing models described in the previous section. Hazard rates (discussed in the next
section) were obtained using observed credit spreads and default probabilities were derived directly from these.
The credit curve is as central to the pricing of credit derivatives and defaultable securities as the
yield curve is to fixed income instruments. A credit curve gives the instantaneous probability of
default of a party at any time in the future. Li (1998:42) proposed a hybrid of the reduced-form
and intensity-based models described above for the construction of a credit curve, based entirely
on market-observable data. Yields to maturity of corporate securities may be obtained from market prices and these may be compared with the yields to maturity of treasury securities. A spread
curve is thus obtained. An exogenous assumption about the recovery rates for these securities is
made using the seniority and rating of these securities coupled with knowledge of the industrial
sector to which the issuing corporation belongs (Houweling and Vorst, 2001).
Li's approach differs from rating agencies such as Moody's Investor Service (Dwyer et al, 2004)
or Standard & Poors in that market information - rather than historical information - is used at
all times. This approach was justified on the basis that:
Rating agencies react more slowly than the market to changes in future credit quality of
corporate securities.
Rating agencies are primarily used to estimate default frequency rather than default se-

verity. Credit derivative values depend on both these parameters.
Rating agencies usually provide the 1-year default probability and the rating migration
index for each rating group. Neither of these is necessarily stable over long periods.
Many corporate securities and credit derivatives have maturities beyond one year, necessitating the use of long term marginal default probabilities (Caouette et al, 1998:88,
Houweling and Vorst, 2001).

Calculation of profit and loss for a trading desk can only be based on current market information since it is that information that reflects the market-agreed perception about the
evolution of movements in the market in the future (Rutkowski, 2003:18). Current default rates may differ considerably from historical default rates (Audet and Doshi, 2003).
Using only market information also has associated setbacks. Only a few large corporates have a
series of outstanding debts with the same seniority and multiple maturities (both required as inputs for Li's model). However, in the absence of this information, asset swap spreads from similar firms may be used as a proxy.
In the next section, the rich field of hazard rate theory is discussed and contextualised. The probabilities of occurrence of cash flows are determined using hazard rates which may in turn be derived from corporate bond spreads. Spreads of highly liquid securities are market-priced and
those of illiquid securities are derived from the spreads of comparable, liquid securities. Knowledge of hazard rates leads directly to knowledge of default probabilities and these allow the calculation of all cash flows (and hence the price) associated with default-prone securities.

5.2.4.2

Hazard rates

Assume that the instantaneous rate of default of a given corporate security is given by h (the
'hazard rate') such that the probability of default, p , in a short period of time
h . St . The quantity

St

St

is given by

may be defined as 6t = tln where t is the full period length and n is the

number of small divisions in the full period. The probability of surviving, (1- p ) , a period of
length

t

is the probability of surviving each period of length

St

raised to the power n . Assum-

ing the probability of default follows a geometric probability, the probability of surviving is
given by:

[ $

P(surviving period t) = 1- h .-

Borrowing from proofs derived for continuous compounding, it can be shown that25:

and thus
P(surviving period t ) = e-*'

defaultin in^ in period t) = 1- e-" .
The probability of surviving a period of length rnt , assuming a geometric distribution, is simply:

'1 See Appendix A-forth_e_proofof this limit statement.
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P(surviving period mt) = P(surviving period t)"

or
P(surviving period mt) = e-mht.
Thus:
P(defau1ting in period mt) = 1- e-mh'.
Setting t = 1 gives:

Thus an annual probability of default of 5% is equivalent to a hazard rate of 5.13%.
The advantages of using hazard rates to drive the regular geometric distribution approach are that
they are simpler to apply in practice, they combines well with fixed income mathematics and
they may be consistently applied to each period. Hazard rates translate directly into default probabilities and are extensively used in Li's (1998) model. A new methodology introduced by ~i~~
(1998:41) makes direct use of observed market credit spreads to determine hazard rates and
hence default probabilities. It was this model that was employed in the testing of South African
data and is presented in the following section.

5.2.4.3

Li's continuous credit curve model

The assumptions made by Li's (1998) model are:
when default occurs, the bond holder receives a fixed percentage of the bond price (i.e.,
the recovery rate) immediately prior to default (see Duffie and Singleton (1999:693) for a
similar argument),
the credit curve consists of a series of default probabilities over each period, conditional
on the survival to the beginning of the period (conditional marginal Martingale default
probabilities),
the current time is used as the time origin to allow use of current market information to
build credit curves and
the meaning of 'default' has been defined by a number of rating agencies, such as
Moody's (Moody's, 2003 and Dwyer et al, 2004).
Li's starting point was the Duffie and Singleton (1999) model for pricing defaultable fixed income securities, given by:
-
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This work was later refined by ~ c h o n b u c h e(2003:65)
r

where ~ ( t , )is the defaultable bond price measured at t o ,
~ ( t,ti
, ) , the discount factor, is measured at to for a time ti ,

p , , the conditional survival probability is measured over the period ti to ti+,,
~ ( t , ,),
, the recovery rate measured over the period ti to ti+, and

C, is the' i cash flow, occurring at t i .
Equation 5.4 above is also referred to as the discrete model in which default is assumed to occur
only at the end of the default period. The continuous model of default, which allows for default
at any stage in the period under consideration, is given by:
h(.s)ds

+I:[-

pn = P(surviving period nt) = e
Expanding the square brackets in Equation 5.4 above and making use of Equation 5.5 gives (if
At = tit, -ti is small):

The credit discount factor (large round brackets in Equation 5.4 above) is:

Dividing the time interval (O,ti] into many smaller time intervals of length At = t i I n , and allowing n -+- allows Equation 5.4, the discrete model, to be reformulated into the continuous
model, namely:

where the symbols have the same definitions as for Equation 5.4 and it has been assumed that

where r ( s ) is the short term rate.
The equations governing the components required for Bierwag's Macaulay duration comparison
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(Equation 5.1) are complete. The description of their combination is discussed next.
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5.2.4.4

Component combination

Using Equation 5.6, coupled with a known spread-over-Treasury curve for a given defaultable
security, generates a term structure of hazard rates peculiar to that security (Houweling et al,

2001:312). From these hazard rates, the marginal (and hence cumulative) default probabilities
for the security are generated using Equation 5.5. These probabilities are used in Equation 5.2 to
generate the price of the defaultable security and finally, using Equation 5.1, the defaultable cash
flows are now used to estimate the Macaulay duration instead of the default free cash flows. In
this manner the Macaulay duration - adjusted for defaultable cash flows - is produced.
The techniques and methodologies which combine to determine the constituents of Equation 5.1
(as well as embedded components) are not new, but the combination of these disparate procedures - and the empirical testing of these on relevant data - has not been attempted until now.
This combination and testing is discussed in the next section.

5.2.5 Empirical results
South African market data were used for all inputsz7. A sample of 120 option-free, corporate
bonds was selected spanning the 8-year period from 1 January 1997 to 31 December 2004. Bond
maturities ranged from 5 5 t 5 30 years and were of varying credit quality28- Aaa (investment
grade) to Caa (highly speculative29grade). Credit spreads over the South African yield curve
were obtained from ~ l o o m b e r stated3'
~ ~ , either as a fixed, parallel spread (single value over all
maturities) or as a term structure (different for all maturities). Option-free bonds with long dated
maturities ( t > 25 years) are virtually non-existent. As the period selected approaches the present
(2005), option-free corporate bonds with shorter maturities become increasingly difficult to
source, reflecting both issuer and purchaser reluctance to lock in interest rates for even short periods. Coupons ranged from 8% to 18% and were paid quarterly, semi-annually or annually. Recovery rates used were those associated directly with the issuer (as reported by corporate news
s ~ loom berg"), those appropriate for the specified credit rating or,
services, such as ~ e u t e r and
where data were particularly limited - 30% being the average recovery rate for South African
corporate bonds over the period under examination (Moody's, 2005).
Figure 5.2 shows the results for a typical defaultable corporate bond (maturity 30 years, serniannual 8% coupon, risk-free rate 7.5%, recovery rate 30%).
27
28

The South African corporate bond market is small compared with those of developed economies (Tikkam, 2005).
Moody'sTM
ratings - [Internet] BloombergTM.

29

Speculative grade corporate bonds, although plentiful in the marketplace, have notoriously high and unreliable
credit spreads coupled with low recovery rates. These parameters, used in Equation 5.6, give rise to highly variable
hazard rates and both absolute and cumulative default probabilities. Corporate bonds with speculative grade credit
ratings were therefore used sparingly, comprising about 10%of the total sample.
30 In bond contract confirmations (where available) from corporates themselves or their relevant auditors.
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Figure 5.2. Inputs and outputs to produce the duration/yield relationship for defaultable and default-free securities.
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Figure 5.2(a) shows that the spreads over the South African treasury curve increase by 50bp (ly)
to 100bp (30y) with high variability. The yield curve is upward-sloping from 6% (1y) to 9%
(30y). Hazard rates range from 0.5% (1y) to 3.5% (30y) (Figure 5.2(b». Cumulative default
probabilities are shown in Figure 5.2(c) and are generated using Equation 5.6 and known spreads
from Figure 5.2(a). The aim of this investigation is shown in Figure 5.2(d), namely, the effect of
the possibility of default (Equation 5.2) on the Macaulall duration.
Corporate securities with higher and lower recovery rates, shorter and longer maturity periods
and higher and lower credit spreads at various periods during the economic cycle were tested and
the results remain broadly the same, i.e., default free Macaulay duration is higher than the defaultable Macaulay duration by between 6% and 8% for all yields, with the difference more pronounced at higher yields. A summary of results is presented in Table 5.1.
Measurements were taken at the mid-yield to maturity for the corporate bond in question. The
rightmost column represents the percentage difference between the defaultable Macaulay duration and the default-free Macaulay duration.
31The effect of defauItability on the bond convexity was also examined in this analysis. The convexity was large for
low yields, small for high yields, and of considerably smaller magnitude «10.2) than the duration effect. These results add nothing new to the understanding of the effect of defaultability on duration since all of these effects are
well known from analysis performed on default-free bonds.
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Table 5.1. Summary of corporate, option free bond sample results.
Sample size

Range

Average difference

D m - Dm,,,,

(%)

8% - 10%
10% - 12%

Coupon

12% - 14%
14% - 18%
25 - 50 bps

Spreads
56

51 - 100 bps
101-200bps
10 - 15y
15 - 20y
20 - 30y
Aa

Maturity

Credit rating

12
12
12
76
17

Recovery rate

Caa
< 15%
15 - 25%
25 - 35%
35 - 50%

In order to test these results against market prices empirically, a sample of 80 option-free corporate bonds was selected. The securities had maturities ranging from 10 to 30 years and paid annual or semi-annual coupons of between 8% and 18%. The market data were sampled over the 8year period 1 January 1997

I t

I 31 December 2004 thereby encompassing periods of both

market stability and expansion (1997 to mid-1998, 2003 to 2005) and market turbulence and
contraction (mid 1998 - 2003). The price, yield to maturity and Macaulay durations (both default-free (Equation 3.4) and defaultable (Equation 5.2)) of each security were calculated at the
end of each month during the period under examination. The actual change in price between one
month end and the next was then measured as well as the known change in yield over this period.
. P). (1 + y/n)
The two sides of Equation 3.4 were regressed upon each other, ie, - ( d ~ l d y )l/(n.

versus DM,,(defaultable and default-free). If Equation 3.4 is indeed an accurate description of
the way in which interest sensitive securities react to changes in yield, the gradient of this regression line should be 1. If the Macaulay duration, DM,,
, overestimates the change in price of an

interest rate-sensitive security, the gradient will be less than 1 and if DMac
, underestimates the
change in price, the gradient will be greater than 1. The results obtained in this study - summarised in Figure 5.2 - indicate that the default free Macaulay duration measure consistently overestimates the change in price of defaultable securities. This overestimation leads to the result that

for the default free case. The same quantity for the defaultable Macaulay duration gives gradients
statistically closer to unity (see R 2 values in Figure 5.3 below). The results for each of the years
1997 through 2004 are presented in Figures 5.3(a) through (h) below.
For short periods remaining to maturity ( t =: 5 years) - there is no statistical difference between
the default-free and defaultable Macaulay duration regression lines. However, for longer maturities, a pattern emerges which is statistically significant. The defaultable Macaulay duration regression lines have higher gradients for each year and all are closer to unity than the default-free
Macaulay duration regression lines. High R2 values are observed for all years (see Appendix C.)
These results are consistent with those of Fons (1990:37), Babbel, Merril and Panning (1997:41)
and Acharya and Carpenter (2002:1380), but contradict those of Fooladi, Roberts and Skinner
(1997:4), Nawalkha (1999:241) and Xie et al, (2002). The consistency of results between empirical with theoretical tests is, however, encouraging. Potential applications of these results to
bank portfolios are discussed in the next section.

5.2.6 Application of results
The credit market is enormous and growing and the appetite for credit derivatives shows no signs
of slowing. Any financial institution's portfolio which comprises even few defaultable securities
can potentially make use of these new results. The defaultable Macaulay duration calculation is
simple to implement in itself, but requires some preliminary work to measure corporate credit
spreads, estimate hazard and recovery rates and calculate default probabilities. These measurements and calculations, however onerous and time consuming, are nevertheless becoming a more
commonplace feature of banks' trading books, especially since the mandatory (January 2005)
implementation of FAS 133 (IAS 39) on a worldwide basis. Traded interest rate risk is now required to be 'on balance sheet' in contrast to prior treatment of traded interest rate-sensitive securities. The accurate measurement of the interest rate risk of these securities is thus of significant
concern to financial institutions in general and banks in particular.

1+ Y on defaultable and defaultdy n.P ( n )
free Macaulay duration, DMacfor 1997 through 2004.
Figure 5.3(a) - (e). Regression of - dP '~'
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Measuring and reporting default probabilities is expected to become widespread in the near future as banks endeavour to comply with strict new regulatory rules regarding the accurate measurement of these parameters (Caouette et al, 1998:91). With these in place, implementing the default-adjusted Macaulay duration requires relatively little manipulation of existing data used in
any case to calculate the default-free Macaulay duration.
Overestimating portfolio duration (and hence portfolio value sensitivity to interest rate changes)
by even a few percent, can have adverse effects upon banks' balance sheets - especially if the
prevailing interest rate environment is volatile. Larger institutions and banks are supported by
separate technology within specialist systems, but the majority - 85% - still rely on spreadsheets
(Mosher, 2005). Adjustments to the existing Macaulay duration measure, suggested in this section, may be easily incorporated into existing spreadsheet models and show promising early results toward the prevention of inaccurate forecasts made by the default-free Macaulay duration.
Having examined the consequences of defaultability upon the Macaulay duration, the next section reviews and extends the mathematics of the Macaulay duration measure when the probability of exercising an option embedded in a fixed income security becomes non-negligible.

5.3 Duration of securities with embedded options
Embedded optionality in retail products is in many ways analogous to (and thus may be modelled by) the call (or put) option provisions present in the majority of corporate bonds. For such
bonds, the issuer may redeem the bond only a pre-specified price and usually only after it has
been outstanding for a pre-specified number of years.
The duration of corporate securities with embedded optionality is, however, not yet well understood and the mathematics governing the probability of exercising embedded options is nontrivial. Section 5.2.2 presented an overview of work performed in the field of embedded optionality (coupled with work regarding corporate security defaultability). The next section briefly
introduces further recent work which attempted to separate bond optionality from bond defaultability (without success).

5.3.1 Theoretical framework
5.3.1.1

Literature survey

Berndt (2003) extracted credit pricing information from the prices of callable corporate debt, by
disentangling the components of callable corporate bond prices associated with discounting at
market interest rates, discounting for default risk, and optionality. The value of the call option
was found to be sensitive to both interest rate risk and to the risk of changes in credit quality, but

two unresolved issues were identified. First, data limitations did not allow Berndt to break down
short spreads into the risk-neutral mean fractional loss rate due to credit risk and the risk-neutral
mean fractional cost rate due to illiquidity. Second, research showed that investors 'do not necessarily price callable debt as if the issuer would redeem it rationally' (Berndt, 2003:l). Modelling
this phenomenon via an intensity based model for the call arrival was suggested, relying on a related theoretical framework by Guntay (2002) and Jarrow et al, (2003). These are intractable and
as yet unresolved problems. No attempt was therefore made here to disentangle the two aspects
of corporate debt - optionality and defaultability: these were dealt with separately.
Brooks and Gup (1997a) maintain that ignoring embedded options can result in serious reduction
in equity value for various duration gaps. This includes (Brooks and Gup, 1997b) cases in which
the yield curve experiences non-parallel shifts. Gilkeson and Ruff (1996:351) analyse the withdrawal option in retail portfolios of certificates of deposit (CDs). A method of valuing a portfolio
of CDs was developed which explicitly considers early withdrawals in retail CDs (under
$100,000) and include a case study for a small US bank. Gilkeson and Smith (1992:22) note the
large increase in securitisation of residential mortgages and address interest rate risk of portfolios
of mortgage-backed securities financed by fixed rate liabilities. They describe a convexity trap
where losses to equity occur in both high and low interest rate environments. Gilkeson and Smith
(1992:17) provide no computational procedure for their results while Gilkeson and Ruff
(1996:341) have a model for adjusted cash flows, but ignore volatility of interest rates and consider only one future path for interest rates. Gilkeson and Ruff (1996:334) note these as obvious
criticisms of their procedures.
The brief literature survey presented here serves only to augment the more extensive survey presented in Section 5.2.2. The extension of Bierwag's (1987) work, which was chosen for its robustness and ease of use, explanation and implementation, is presented in the next Section.

5.3.1.2

Bierwag's duration drift

Bierwag (1987:324) first suggested the possibility of 'duration drift' for bonds with defaultable
and option features, but never explored the ideas further. The work described in this section is
loosely based on Bierwag's (1987) proposals. A new theoretical framework was established to
explore the effects of optionality on the Macaulay duration and to test its empirical implications
for South African bond index data. While the approach is as yet unable to isolate the optionality
and default duration components, early results show consistency with the available research and
promising avenues for further work.

Given the standard inverse law governing bond prices and yields (Fabozzi, 1997:188), the call
price will have an associated call yield, r* . Bierwag (1987: 129) approached the problem of callable bond duration from the perspective of a 'shift' in the Macaulay duration near r* . Assuming
a callable bond with underlying maturity m and earliest call date n , Bierwag noted that such a
bond would behave like a non-callable bond of maturity m if the current yield to maturity,

r, > r *

(and it is obvious the bond will not be called). In addition, the bond will behave like a

bond of maturity n if the current yield to maturity

r, < r *

and it is obvious the bond will, with

certainty, be called. Bierwag did not expand his analysis beyond these intuitive observations.
In this thesis, Bierwag's suggestions are used as a starting point. Bond option pricing and probability theory are then combined to explore and extend Bierwag's ideas - the results of this research are reported in the next section.
Black's (1995: 1372) equation for the price of a call option on a bond was used, namely

where c is the call option price,
P(t,T) is the price of a zero coupon bond paying 1 at time T

Fo is the forward price of the bond measured at t = 0 ,
K is the call strike price,

a is the bond forward price volatility,
dl =

l n ( ~ , / ~ ) - i-oT~
and d, = d l -as&.

Note that N(d, ) is the probability of exercising the call option, where N ( . ) represents the
cumulative probability distribution function for a standardised normal distribution.
The price of the callable bond is a combination of the prices of the call-free bond and the call
option, given by
<allable

bond

- call-free

-

where c is the price of the call option.
At high yields, the price of the call is negligible and the callable bond price is the price of the
option-free bond. At low yields, the call value is high and reduces the price of the call-free

bond32significantly as shown in Figure 5.4 below. For lower yields where r < r *, the callable
bond exhibits negative convexity as the likelihood of being called increases and the price does
not stray far from the callable value, i.e., par. For high yields (r > r *) the probability of call and
corresponding call value are diminished, and the bond price is that of an option free bond.
Figure 5.4. Price/yield relationship for an option-free bond of maturity 30 years, a
call option and a 10-year callable bond.
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The bond will either be called (with probability N(d2)) or not (with probability 1- N(d2)). The
conjecture is thus made that the duration of the callable bond is:
(5.9)
It is clear that when interest rates are much lower than the strike rate, r *, i.e., r, < r * , the probability of calling the option is high (N(d2)
Dcallable""

Dcalloption'

""

1) and the callable bond duration is

On the other hand, if interest rates are much higher than the strike rate, i.e.,

r, > r *, then the probability of calling the option is low ( N (d2)

""

0) and the callable bond dura-

tion shifts to that of the call-free bond, i.e., Dcallable
""Dcall-fTeebond'
In between these values, i.e.,

where r, ""r *, Equation 5.8 applies. Figure 5.5 below displays these results for a bond with the
same valuation parameters as those given for Figure 5.4. Note that this graph is produced for a
single instant in time - i.e., t = 0 - and represents the possible values of duration for any given
yield. At low yields (r < r *) the duration is that of a bond with the same maturity as the time to

32Parameters are: maturity: 30 years, coupon 4% paid semi-annually, first callable date 10 years from present, volatility of forward price 10%, risk free rate in 10 years 8%. Current calculated bond forward price = R5AI.
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first call. At high yields (r > r *) the duration is that of the option-free bond. In between, the
callable bond's duration is bounded by these two possible durations.
Figure 5.5. Theoretical range of Macaulay duration for a 30-year bond with an embedded option, callable after 10 years.
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To determine the evolution in time of the changing duration curve given in Figure 5.5 the duration of the call option and the underlying bond were evaluated at 6 month intervals from t = 0
until the option expiry date (t

= 10

years) using Equation 5.9 above.

After 6 months, the callable bond comprises an option free bond with 29.5 years to maturity and
a call option with 9.5 years until first callable date. After 5 years, the option free bond has 25
years to maturity and the call 5 years until the first callable date, and so on. This time-changing
profile is shown in Figure 5.6, below. The duration surface becomes steeper (for r < r*) as first
call date approaches. If yields are low (r < r *) the probability that the bond will be called increases and the duration of the bond will tend to that of a bond with the same maturity as the call
option. If t ~ 10, the time to first call date ~t ~ 0, so the Macaulay duration, D, will tend to
zero. At and beyond t

= 10

the duration is 0 for low (r < r *) yields (since in this case the bond

will be called immediately) and equal to the duration for the remaining life of the bond if r > r * .
In the period from January to May 1986, US interest rates dropped precipitously. Bierwag
(1987:144) pointed out that, using the standard elasticity definition of duration, namely
M =-D.~,
P
large price increases should correspond to large decreases in interest rates. However, if the duration also decreases as interest rates fall, the accompanying increase in price will not be as large.
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Many callable bonds experienced such a lacklustre increase in prices in 1986 despite the large
drops in interest rates.
Figure 5.6. Time evolution of duration for a callable bond.
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Similar, significant, rapid interest rate decreases have also been experienced in the South African

markef3 in recentyears(namelyOct 2002,lun 2003and Sept2003 - see Figure5.7).
Figure 5.7. Daily, I-year South African interest rates, measured over 2.5 years.
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33The South African] -year through 3-year interest rates. Source: ReutersThl.
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Similar effects on bond portfolio values have been observed amongst many asset managers e.g.,
MacDonald (2004) and Botha (2004). As interest rates drop to levels near to but still above r *,
the duration also decreases. The percentage increase in bond prices represented insufficient increments to bond portfolio values to offset the reduced future earnings from reinvesting at lower
rates. Previously experienced high yields could not be locked in over long planning periods and
durations of bond portfolios became too short to irnmunise over such planning periods. The realised rates of return over such planning periods were thus likely to be significantly less than many
investment managers projected for clients.

5.3.2 Empirical results
To test these results against market prices empirically, a sample of 108 corporate bonds - all
with embedded call options - was selected. The bonds had maturities ranging from 8 to 15 years
and paid annual or semi-annual coupons of between 10% and 18%. The call options all had exercise dates of 5 years f 3 months. All market data were sampled over the 4-year period 1 January
2001 5 t l 31 December 2004. The price, yield to maturity and Macaulay durations (both option-free (Equation 3.4) and option-embedded (Equation 5.9)) of each bond were calculated at
the end of each month during the period under examination. The actual change in price between
one month end and the next was then measured as well as the known change in yield over this
period. The bonds were grouped into 4 maturitylcall period buckets as shown in Table 5.2 below.

Table 5.2. Option-embedded South African bonds grouped by maturitylcall period
buckets.

To limit controls, each of the bonds in the relevant buckets was of the same credit quality and
had similar coupons. Each bond in the buckets indicated was examined during a period of interest rate 'volatility' - e.g., the period between July 03 and July 04, when large (> 100 bps) interest
rate movements occurred over relatively short periods of time (< 3 months). Using the Macaulay
duration, the forecast price movement for given (observed) changes in yield to maturities was
calculated. Note that the convexity adjustment was also added to both the option-free and the
option-adjusted Macaulay durations. For the sake of clarity, for the remainder of this section, the
'duration' refers to the duration measure plus the convexity adjustment. These data were then
compared with actual (observed) market changes in the bond prices to determine which of Equa-
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tions 5.4 and Equation 5.9 were more accurate in the determination of these price changes. Figure 5.8 shows the underlying bond duration, the embedded call option duration and the optionadjusted duration as suggested by Equation 5.9 for the maturity ranges indicated in Table 5.2.
Figure 5.8. Summary of South African bond duration data.
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Figure 5.9 below presents a summary of results. The four graphs (a) through (d) represent bond
data from the samples indicated in Table 5.2. In each graph, the y-axis is absolute percentage differences. The red points represent the difference between the actual change in the market price of
the option-embedded bond and the price change forecast by the Macaulay duration of the underlying bond for a given change in yield, i.e.,

The blue line represents the theoretical change in the price of a bond forecast by an optionadjusted Macaulay duration and the change forecast by an unadjusted Macaulay duration, i.e.,
~(MOption

adjusted-MMaCUaIaY)'

The wide scatter in observed bond price changes prevents an unambiguous decision as to the
accuracy and durability of the option-adjusted Macaulay duration, especially for option-

embeddedbondswith relativelyshort maturities« lOy). For longer maturity bonds, the results
are encouraging. The overestimation of option-embedded bond price changes by the Macaulay
duration have been observed empirically in the market during periods in which interest rates
were volatile prior to this study, e.g., Bierwag and Kaufmann (1988:42), Kihn (1994:37),
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Acharya and Carpenter (2002:1379) and Guntay (2002) as well as South African asset managers
e.g., MacDonald (2004) and Botha (2004).

Figure 5.9. Summary of observed, Macaulay-duration forecast and option-adjusted
Macaulay duration forecast price changes, using South African bond data.
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5.3.3 Application of results
Global investment in fixed income has been increasing since early 2002 and is now approximately double that of global equity investments (ABN Amro, 2005). Despite signs of an increasing interest rate environment (The Economist, 2005), worldwide investments continue to flow
into fixed income portfolios. The 'dotcom crash' in April 2000, precipitated by the nonmaterialisation of the dreaded and widely proclaimed 'Millennium Bug', led to further disenchantment in equity returns. This wariness had been observed worldwide since the 1998 equity
crash - itself caused by the default of Russian government fixed income securities, but blamed
on the collapse of the massively swollen US hedge fund, Long Term Capital Management
(Lowenstein, 2001). The shift in investment emphasis from risky equity to (perceived) less-risky
fixed income securities has led directly to an increase in option features of fixed income instruments. Today (2005), more corporate and government bonds are issued with embedded optionality than withoue4 as the investment community endeavours to protect itself from potentially
volatile interest rate markets. Most fixed income portfolios thus comprise optionality of some
34Roughly 80% of corporate and government bonds are issued with embedded option features (Mosher, 2005).
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form, an attribute that alters the sensitivity of the portfolio to interest rate movements and hence,
to a large extent, the risk profile. The Macaulay duration measure is not able to (and its original
formulation did not require it to) deal with this burgeoning optionality characteristic, yet its use
remains widespread, particularly in spreadsheet models (Mosher, 2005). In addition, corporates
and banks must cope with changes in accounting standards in the form of AC 133 and IAS39.
Companies must have the flexibility to cope with these changes and ensure that they are not left
at a dead-end. Proactive companies may actually benefit from these changes, as more investment
may be encouraged by full disclosure resulting from the new international standards.
The true health of a company will no longer be confused by inconsistent treatment of derivatives.
Historically, derivatives could be recorded at either cost, fair value or even completely omitted
from the balance sheet, but no longer. On the other hand, without proper management of the issues raised by the new regulations, large fluctuations may now appear on a company's financial
statements and actual financial health may be difficult to determine. As a result, there has been
speculation that some companies may even stop their use of derivatives, a 'knee-jerk' response
to the implications of change to their existing risk management strategy. For the first time, treasurers and risk managers must become aware of the accounting implications of their hedging activity (SARB, 2005). In order to cope with the evolving regulations companies are hurriedly reviewing their internal processes, re-educating personnel, and searching for new systems with true
compliance capabilities. The potential for IAS39 to disrupt prudent risk management and impact
performance statements is huge. Becoming as informed as possible and sharing that information
within the company, remaining flexible as regulations and their interpretations evolve, and making careful preparations are the best means to ensure a smooth transition (KPMG, 2004).
New research results, presented in this section, are encouraging and have been shown to be reliable for a broad range of interest rate environments and widely disparate fixed income instruments. The model is easily incorporated into spreadsheet models and, given the stochastic nature
of option exercising (which, though modelled on the 'rational investor', must cope with irrational
human behaviour), shows great promise.
Most prior research has explored the theoretical importance of adjusting Macaulay duration for
the dual impacts of defaultability and optionality. Simple, robust duration measures have been
developed within a new theoretical framework to account for the differences observed between
durations of defaultable and default-free, and callable and option-free, bonds. Observed differences between portfolios with and without defaultable or callable bonds are well explained by
the new methodology and the results showed consistency with much of the prior research. The
duration of defaultable securities is consistently higher than that of corresponding default-free

bonds and the duration of callable bonds, although subject to many variables, is bounded by the
duration of the underlying option-free bond and that of a bond with a maturity equal to the first
callable date.
Instruments with open-ended or unknown maturities are considered next.

5.4 Duration of non-maturity instruments
It has long been acknowledged that the treatment of non-maturity deposits is, for many banks,
the single most important assumption in measuring their exposure to interest rate movement (Janosi et al, 1999:22). This has also recently come to the attention of regulators (NCUA, 2004).
Regulators continue to rely on the bank's internal modelling systems to determine the value and
interest rate sensitivity of such accounts. This presents banks with the difficult task of accurately
calculating the market value of deposits and credit card loans, as well as developing effective
hedging strategies to protect this value against market rate movements. Similarly, with the continued consolidation trend in the banking industry, accurate valuation of demand deposits, in particular, becomes critical in determining the value of an institution or a single branch (van Deventer and Imai, 1997:301). Acquiring or banks being targeted for acquisition need to measure
the deposit franchise value based on the unique characteristics of an institutions deposit portfolio.
In the valuation of any security, total cash flow is the basic building block of valuation. For most
securities, the maturity date is fixed and the cash flow from the principal stems from a predetermined payment schedule associated with that security. In the case of non-maturity deposits
and credit card loans, however, the security is perpetual and the aggregate principal is never returned in totality. Instead, changes in balances are simply another source or use of the cash flow.
Hence, a crucial component in valuing non-maturity deposits and credit card loans is to isolate
the total cash flows from these franchises. The total cash flow in a given time period for such
accounts includes: interest paid, non-interest expense of servicing, non-interest revenue, net
change in balances, losses (credit cards only) (Janosi et al, 1999:28).
Using a market segmentation argument, Jarrow and van Deventer (1998:266) used the interest
rate derivative's arbitrage-free methodology to value both demand deposit liabilities and credit
card loan balances in markets where deposits and loan rates may be determined under imperfect
competition. In this context, these financial instruments were shown to be equivalent to a particular interest rate swap, where the principal depends on the past history of market rates. Solutions were obtained which were independent of any particular model for the evolution of the

term structure of interest rates. Jarrow and van Deventer's (1998) work built on previous study
by van Deventer and Imai (1997:297).
The duration of non-maturity instruments such as demand deposits "is a much-debated topic for
which there is no right answer" (Holton, 2003:2). Holton proposed that the duration for these
maturity types should be zero since depositors may withdraw funds at any time, but he acknowledged that it was unlikely all depositors would simultaneously withdraw all funds. Holton further
proposed that although a bank's total demand deposits fluctuate over time, in principle it is possible to identify a 'core level' of deposits below which the total never drops. This portion might
then be treated as 'permanent'. A simplistic argument, then, may ascribe to demand deposits any
duration from zero to infinity. This argument may be invalid as duration here has been treated as
average time to maturity, a statement that is only valid if cash flows are fixed. The more general
definition of duration as a metric of sensitivity to parallel shifts in the yield curve may also be
used. With this approach, some means of ascribing a market value to the demand deposits as a
function of the level of interest rates would be required. Holton permits that not only is this difficult to achieve, but it would entail a host of assumptions. Duration is thus "poorly equipped" to
explain interest rate sensitivities of non-maturity instruments (Farin, 2004).
Research is, however, ongoing in the field. Ellis and Jordan (2001 :49) found that the estimated
durations of non-maturity deposits in the US vary according to the degree of interest rate sensitivity of the deposit type. Deposits that are interest rate-sensitive tend to have shorter durations,
such as money market deposit accounts durations, which are approximately one year or less.
They reprice quickly as rates change in a manner similar to floating rate notes, which have low
durations. Overnight deposit accounts tend to have the highest durations, followed by transactions accounts and money market deposit accounts. A summary of Ellis and Jordan's results in
tabular form are shown in Table 5.3 below which summarises their research. These durations are
recommended as the final ('effective') maturities of non-maturity deposits for banks that do not
explicitly model non maturity deposit cash flows. They are acceptable for assigning non maturity
deposits to maturity buckets and for the final maturity when a non maturity deposit is treated as a
zero-coupon bond.

Table 5.3: Recommended durations (in years) for non-maturity deposits.

(Source: Ellis and Jordan, 2001)

110

O'Brien (2000) reported that durations for median US bank deposits are mostly less than one
year, but exceed one year for market rate increases. Under variable deposits, the durations are
not only smaller, but are negative except for the positive rate shocks under asymmetric deposit
rate adjustments (a positive interest rate elasticity is represented by a negative duration). For
variable deposits, the present values of the longer-term interest rate change reversals get relatively more weight due to growing deposits. For example, O'Brien found the duration for an annuity with fixed monthly payments35 is approximately 4.3 years (O'Brien, 2000). In Table 5.4
below, the durations of US money market deposit accounts are shown. 'Asymmetric adjustments'
refers to non-parallel movements of the yield curve (with an average shift of the amount indicated); 'symmetric adjustments' refers to parallel yield moves. 'Inc' implies an upwards movement in yields and 'Dec' refers to a downwards movement.

Table 5.4. Durations of US money market deposit accounts.
Fixed deposits
Asymmetric adjustment

Variable deposits

Symmetric adjustment

Asymmetric adjustment

Symmetric adjustment

Market rate
changes (bps)

Inc

Dec

Inc

Dec

Inc

Dec

Inc

Dec

50

0.46

0.32

0.17

0.14

0.41

0.34

0.19

0.19

100

0.50

0.25

0.16

0.14

0.42

0.32

0.17

0.20

150

0.54

0.17

0.16

0.14

0.42

0.25

0.16

0.2 1

200

0.58

0.14

0.16

0.14

0.40

0.21

0.15

0.19

250

0.6 1

-0.02

0.16

0.13

0.39

0.13

0.14

0.21

300

0.64

-0.17

0.16

0.13

0.36

-0.07

0.13

0.24

(Source: O'Brien, 2000)
The duration of non-maturity deposit accounts in banks present unique problems for interest rate
risk managers. The problems are intractable and difficult to solve not only because of the inherent assumptions involved, but also because results depend critically on inputs. Institutions which
use different inputs will therefore obtain different results - and these can often conflict even if
similar inputs were used. Future research will focus on the use of the Fisher-Weil duration to
non-maturity deposit accounts in the South African context.

5.5 Conclusion
Modifications to the existing Macaulay duration measure to account for default-prone, option
embedded and perpetual-maturity securities have yielded interesting and largely positive results.
Scant data and little research exist for equivalent work in the South African market. US data were used here for
illustrative purposes, instead.

35

The bulk of these data agree with previously published research. Whilst individual components
of the description of defaultability and optionality are not new, the way in which they have been
applied (i.e., combined, tested and implemented) is entirely new. These applications were explored in this chapter.
The requirement for an entirely new approach to the problem of interest rate risk measurement in
which the assumption of a flat yield curve is relaxed is, however, becoming more and more apparent. An approach in which the definition of duration itself is re-examined is presented in the
next chapter.

Chapter 6
Alternative duration measures
6.1 Introduction
Previous chapters have focused on the nature of banking risk in general, the management, mitigation, and regulatory controls of these risks and the Macaulay duration, as the chief measure of
a bank's interest rate risk. The Macaulay duration makes limiting assumptions and imposes restrictions on its interpretation and use. Some of these inadequacies - addressed in Chapter 5 may be partially mitigated by innovative adaptations to the Macaulay duration, modifications to
input data or amendments to well-known fixed income pricing models.
Adapting the existing Macaulay duration measure is but one solution. A new definition of estimating duration is, however, possible. Recall that the Macaulay duration is a scaled measure of
the gradient, dP/dy , of the pricelyield to maturity relationship measured at a given yield to maturity (Equation 3.4). A limiting assumption has, however, already been made: namely that the
yield to maturity is flat and the change in the yield to maturity occurs at all points on the (flat)
yield curve, hence the shift is, literally, 'parallel'36.Establishing a duration definition (and its accompanying mathematical construct) that does not make these initial limiting assumptions yet is
still capable of estimating interest rate risk to a greater degree of accuracy than the Macaulay duration is the goal of this chapter. While these definitions have been described previously (e.g.,
Fisher and Weil (1971) and Bierwag (1987)), the application of these measures to South African
data - particularly in the context of new accounting rules and regulatory pressures - is novel.
The next section considers problems with the existing definition of the Macaulay duration. These
have been partially dealt with by the use of convexity and other short cuts, but the complexity of
modem financial instruments is forcing ever newer, better measures of interest rate risk.

6.1.2 Overview of Macaulay duration shortcomings
The Macaulay duration has long been criticised for its failings as a robust measure of interest
rate risk. Macaulay used many limiting assumptions and requirements in his definition of duration, but these were not necessarily all oversights or examples of shoddy model building. Much
of the hardware technology available in the early part of the 2othCentury was simply incapable
of executing the calculations taken for granted today. Monte Carlo simulations and scenario genAS opposed to a 'parallel shift' commonly used in the discipline in which an n basis-point shift (either up or down)
at all points on the non-linear yield curve is experienced. In the strict definition of the term, this shift is of course,
highly non-parallel.
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eration - two core tools of modern risk management - require substantial computing resource
reserves and were unthinkable 70 years ago. The markets of the 1940's through 80's were considerably less developed, in terms of both volume and complexity, than the modern, almost frictionless, trading brought about by modern communications and trading systems. Yield curve
modelling was in its infancy and several more decades of intense research was required before
the complex interest rate models in use today could be developed. Indeed, the development of
entirely novel analysis techniques (such as stochastic calculus and Martingale measures combined with the vastly accelerated computing power only available recently), none of which were
available in the 19401s,was instrumental in solving many duration problems.
The Macaulay duration assumes parallel shifts in the term structure of interest rates, i.e., it uses
an extremely rare occurrence as the basis for risk estimates, Macaulay (1938) used parallel shifts
in the definition and derivation of his duration measure, despite the very low frequency (and low
probability) of such events. It was acknowledged that hedging, for example, using the Macaulay
duration was only guaranteed when term structure changes were parallel. As a result, extensive
research to extend the Macaulay duration to general patterns of interest rate changes was suggested and many other duration concepts were explored. For example, Khang (1979:1036) incorporated the empirical result that short term interest rates are more volatile than long-term interest rates37 into his work on log-stochastic process durations, Ho (1992:38) explored key-rate
durations in cases where changes in several key interest rates' determine changes of other interest
rates and Rzadkowski and Zaremba (2000:29) explored multidimensional duration when several
factors affect changes of the term structure.
The feature common to these approaches was that interest rate changes were specified exogenously by a parametric model, implying that the resulting duration measures work well if term
structures change according to specified models, but perform poorly if they do not. Some empirical tests found that there was little difference in the hedging effectiveness among different
duration strategies (including Principal Component Analysis) and concluded that the simplest
Macaulay duration is the most cost effective immunisation method (Jorion and Khoury,
1996:33). Empirical evidence using South African interest rate data (van Vuuren and Styger,
2004a, 2004b) suggests otherwise.

6.1.3 Duration and stochastic processes of the term structure
The term structure of the yield curve is critical in the analysis and formulation of investment
strategies of fixed-income securities. This approach - which examined the underlying yield
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Considerable arbitrage opportunities arise if this empirical fact is ignored (Khang 1979:1037).
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curve structure to plumb the depths of duration - began with Fisher and Weil (1971:426) who
developed bond immunisation strategies which explicitly took non-flat term structures into account. Bierwag (1977:731) and Bierwag and Kaufmann (1977:366) later showed that many definitions of duration were possible. In particular, Bierwag (1977:732) illustrated that appropriate
definitions of duration depended upon the manner in which the term structure was assumed to
shift from period to period. The manner in which the term structure shifts is known as the stochastic process which - unlike the flat yield curve assumption - is assumed to involve changes to
only a few (or one) parameters which define it. These stochastic processes are described in the
next section.

6.2 Stochastic processes
Assume the initial term structure is defined by the vector y(0, t) , t = 1,2,3,... where the first
term in brackets establishes the time of measurement (in most cases considered here, t = 0 refers
to the present moment) and the second term, the term over which the rate, y , is defined. For
simplicity and uniformity, annual rates are assumed throughout this thesis, unless otherwise
stated. Thus, y(3,5) refers to the 5 year annual rate measured 3 years from the present time.
Assume that instantly after the observation of the term structure ( y(0,t)) given above, the term
structure changes to, y * (0,t) , t = 1,2,3,... and that the forward rates generated from y * (0,t)
using the principal of no-arbitrage (Fabozzi, 1997:201) become the actual future rates. This
statement of the shift in the term structure, albeit fairly simple, forms the basis of a class of stochastic processes each of which is made explicit when the difference y*(O,t)- y(O,t),
t = 1,2,3,... is explicitly specified as a function of one or many random variables. This approach

treats shifts in the yield curve as functions of a few (or one) variables - a quite different approach to the idea that yield curve node points may shift independently of one another. The
Macaulay duration concept (as defined in previous chapters) requires the reduction of the yield
curve to a single value - the yield to maturity - and treats all subsequent yield curve changes as
being parallel shifts in the true sense of 'parallel': the flat yield curve moves either up or down all
along its length by a single value. This is, of course, far from reality, but the concept was introduced for its simplicity and its ease of use in measuring yield curve risk. Another assumption
implicit in the Macaulay duration definition is that, after the shift in the yield curve, these rates
remain at this level thereafter (until a later change). When considering the stochastic process approach, the entire term structure shifts from y(0, t) to y * (0, t) , t = 1,2,3,.

e.

and that these for-

ward rates become the actual rates hereafter. This is illustrated in Figure 6.1 below.

Here, y(O,t) is the term structure as it is at present. Instantly after the observation is made, the
structure shifts to y *(0,t) and, at the start of the next period, the forward structure, y * (1,t) becomes the actual set of rates. If there are no further shifts in the term structure, the future rates,
y * (2,t), at the start of the next period become the new term structure and so on through time.
The evolution of the T - period rate through time may thus be traced. At time 0, this rate is
y(O,T) as indicated. At the start of the next period the term structure is y *(1,T) and at the start
of the next period it is y * (2, T) and so on. The evolution of the T - period rate is given by the
dashed line in Figure 6.1, beginning at y(O,T) then instantly moving on to y * (O,T) and thereafter in successive periods it becomes y *(1,T + 1), y * (2,T + 2), y *(3,T + 3). ... If there had
been no initial random shift, the successive T -period interest rates would have been y(O,T),
y(1, T + 1), y(2, T + 2). .., where the rates starting with the period after time 0 would be taken
from the forward rates calculated from the initial term structure. Since the initial shift is random,
it is possible that a great variety of future interest rates can evolve. Thus, there exists a future
scenario - for all interest rates - that corresponds to every possible initial random shift. If the
initial shift is related to a single random variable, the entire sequence of future interest rates depends on the value of that single, random variable. In this way, an association may be made between an entire sequence of rates over time and a single random variable or, in more advanced
versions of this idea, an entire sequence of rates over time may be associated with a single vector
of random variables.
Figure 6.1: Sequence of T -period rates in which actual current rates undergo a
shock and then become future rates at future times.
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Contrast this evolution of rates, above, with the special case in which the yield curve is completely flat. If the flat structure shifts additively by some random amount, say A., then the interest rates y *(1,T + 1), y * (2, T + 2), ..., are read off flat curves because the forward structure of
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a flat curve is always the same structure, by definition. In such a case, the initial term structure
may be represented by y (= y(O,t) for all t) and the ensuing interest rates by y * (= y *(O,t) for
all t) which are precisely the definitions used for the Macaulay duration.
Portfolio strategies that are appropriate or optimal for ever-changing non-flat term structures depend on the specification of the stochastic process of the term structure. This specification explicitly stipulates how y *(O,t) is formed as a function of one or more variables. This is sufficient to establish

the difference,

y * (T, T + T)

-

y( T, T + T), for all T and measured

at time T as

a function of relevant random variables. Some of these explicit specifications and their implications for duration-based models are developed in this section. A major point is that there are
many different measures of duration. Recall that the Macaulay duration has been defined in previous chapters as a weighted average at which future cash flows occur, namely (Equation 4.3):
M

DMac=

(6.1)

Lw,.t.
1=1

Using a flat term structure, the appropriate weights at time t comprised the value of the cash
flow occurring at time t relative to the total value of the income stream. A different measure of
J

duration results if the weights are differently defined. Each stochastic process of the term structure implies a duration measure. Different stochastic processes imply different duration measures. In the next sections, five simple stochastic processes will be considered. Each is a onefactor process, i.e., each instantaneous random shift is a function of a single random variable38.
In each process, it is this shift that plays the same role as the yield to maturity did in the exposition of the Macaulay duration. The random factor is an index of an entire term structure as the
yield to maturity is an index of the discount rate applicable to future periods. In the analysis that
follows, all yield curves generated from stochastic shifts are arbitrage-free.

6.2.1 Additive shifts
6.2.1.1

Theory

The simplest way to specify the difference y *(O,t)- y(O,t), t = 1,2,3,... is to contend that this
difference is both random and independent of the term to maturity. Thus:
(6.2)

y * (O,t) = y(O,t) + A,

where A is a random variable. Figure 6.2a below shows an original upward-sloping yield curve
(with tenors up to 20 years) and a possible upward additive shift (A

= +0.5%)

and possible

38Yield curve research has consistently shown that single sources of uncertainty do not provide a sufficiently accurate description of yield curve movements (e.g., Rzadkowski and Zaremba (2000)).
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downward shift (A. = -0.5%). Figure 6.2b shows an original downward-sloping yield curve with
the same potential additive shifts.
Figure 6.2: Additive shifts to the yield curve.
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This is a natural extension of the yield to maturity concept in which y*

= y + A.

for flat term

structures. Having obtained y *(O,t) in this manner, future rates evolve as forward rates derived
from y*(O,t). The difference y*(r;r+T)-

y(r,r+T)

is an explicit function of A.. This is

called an additive process because A. is simply added to the existing term structure in order to
compute the new instantaneous term structure. Although this is sometimes called a parallel shift,

it does not - of course - produce a straight line unless the existingterm structureis flat. The
value of the random variable, A., is also known as the instantaneous shock. For reasonable
ranges of interest rates (e.g., 0 < y(O,t) < 20%) the difference y*(r,r+T)-

y(r,r+T)

will be

almost constant for all T. As a result, if the stochastic process is additive, the future rate
y * (r, r + T) is found by adding a random variable to y( r, r + T). This added variable will be a
function of the instantaneous shock, A..
The price of a fixed-income security, P, is a function of both the cash flows it will experience
during its life and the underlying yield curve. Previously, a flat yield curve, y, has been used
and the price of the security was given by (Equation 4.7):
M

(6.3)

P=ICF1(I+ yfl .
1=1

With the additive process in effect, the price of a security instantly after the shock to the term
structure may be written:
M

P(..1)

The derivative with respect to

A.

= I1=1CF;(1+ A.+ y(O,t)t

is then:
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.

~

dP

-1-1

~

=P'(--l)= - L..Jt.
CF1. (1+ A + y(O,t) )
1=1

-

d--l

Evaluating this function at the value of

--l

=0

.

(6.4)

(the value which gives the original price of the se-

curity) gives:

dP

= P'(O)= -

d--l I ,,1=0

f

CF1

1=1

. ~. (1+ y(O,t)t].

[(1+ y(O,t)t].

Dividing through by the original price, P(O), gives:

--1

- fCF1 .

dP

1=1

P(O) d--lIA=o

t

t
]
[ (1+ y(O,t)
P(O)

.[(1+y(O,ot]
(6.5)

Recall from Equation 4.6 that
1 dP
DMod=P dy ,
or
DMac 1 dP
(1+ y) - P dy ,

(6.6)

and in the context of a shifting term structure as opposed to a shifting yield to maturity, an equation such as Equation 6.5 above may be compared to Equation 6.6. The analogous relationship
between these equations gives:
1 dP
P(O)

DAdd

d--l I ,,1=0

= (1+

(6.7)

y(O, D Add))

M

DAdd

LCF1. [

t

P(O)
(1+ y(O,t)t'

(1+ y(O,D"",)( ,.,

l

[(1 +

y(O,t)t']

(6.8)

where D Add is the duration measured using the additive stochastic process applied to the entire
term structure39 and y(O, DAdd) is the yield measured at the present time with term to maturity
D Add. DAdd may not be made the subject of the formula and must be solved iteratively using a

Newton-Raphson technique (Abramowitz and Stegun, 1972:18). The percentage price change of
the security for a change in the random variable

--l

is (using Equation 6.7):

39This stochastic additive duration term may not be made the subject of Equation 6.8 as it is an implicit argument of
the additively-shifted yield curve, y(O,DAdd). An iterative solution, such as Newton-Raphson is easily implemented.
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M _

-DAdd

.A,.

(6.9)

P = (1+ y(O,D Add))

The value of A, in Equation 6.9 is also LlA, since the initial value of A, is O. The derivation of
D Add is achieved using Equation 6.9, which requires the calculation of the right hand side of
Equation 6.8.
6.2.1.2

Empirical testing

Given the multitude of potential yield curve shapes and changes from period to period, it seems
intuitively unlikely that a simple 'parallel' shift added to a current yield curve in order to forecast
a next-period yield curve will ever (or very frequently) adequately describe reality. In order to
empirically test the effectiveness of the additive stochastic process in the accurate forecasting of

interestrate movements,some 7Y2years of weekly interest rate data were used. These data are
described in detail in Section 6.2.6, for the moment it suffices to indicate the salient result from
the analysis, shown in Figure 6.3a below for two observed South African yield curves, separated
in time by a single week (September 2002). The period under observation was volatile and the
yield curve was steepening proportionately more in the short end than in the long end of the
curve. This behaviour is not usual, but neither is it entirely uncommon.
Figure 6.3: (a) Previous period, observed next-period and forecast next-period yield curves
using an additive stochastic process. (b) Regression of calculated additive shifts upon observed next-period yield curve.
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The blue line indicates a yield curve at some arbitrary time t = n, whilst the red line is the observed yield curve one period later, i.e., at t = n + 1. The black open circles represent the best-fitpossible forecast using the stochastic additive shift process. This 'best fit' was calculated using
the ordinary least squares technique for the differences between observed and forecast yield
curve node points. The calculated yield curve was regressed upon the observed yield curve and
the result shown in Figure 6.3b. The R2 value is also displayed on the graph. Whilst the R2
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value seems to indicate a high degree of correlation (R2

=0.9422), comparisons with other sug-

gested stochastic processes (see later sections in this chapter) will clearly show that this is far
from the superior model. Also, in the interests of brevity and clarity, only one interest rate shift
(out of an infinite number of potential shifts) has been illustrated (see Figure 6.3). Several years
of data were, however, tested (see Figure 5.7 and Appendix D) and in all cases the conclusion
reached regarding the best-fit interest rate model was the same.

6.2.2 Multiplicative shifts
6.2.2.1

Theory

The process here may be specified by:
y *(O,t) = A' y(O,t)

(6.10)

where A is a positive random variable. Thus, if A = 1 the term structure does not shift; if A> 1
the term structure shifts upwards and if A < 1 the term structure shifts downwards. If the term
structure is upward sloping and A > 1 the term structure shifts upwards and long term rates instantaneously shift more than short term rates. In a similar way, if the term structure is upward
sloping and A < 1 long term rates decrease instantaneously more than short term rates. Note that
the above entails an instantaneous interest rate change; it does not follow that over time the same
results prevail. Figure 6.4 shows the possible effect of an upward (A

= 1.05)

and downward

(A = 0.95) multiplicativeshift applied to an original (a) upward-slopingand (b) downwardsloping yield curve. Note that changes at the short end of the curve are less pronounced than
those at the long end.
With the multiplicative process in effect, the price of a security instantly after the shock to the
term structure may be written:
M

P(A) = IC~(I+A.y(O,t)t.

(6.11)

1=1

The derivative with respect to A is then:
dP =-ICF
dA
1=1

t.y(O,t)

.
1 ( I+A.y(O,t)

J

'(I+A.y(O,t)t.

(6.12)

The corresponding duration is
M

DMu1t'y(O,D

)

(

ICF.

(1+y(O,DM:j)= ,-,

'
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t. y(O,t)

P (1+ y(O,t)}"
1+ y(O,t)}

(6.13)

where DMuitis the duration for the multiplicative stochastic process and y(O,DMult)is the yield
measured at the present time with term to maturity DMult'DMuitmay not be made the subject of
the formula and must be solved iteratively using a Newton-Raphson technique (Abramowitz and
Stegun, 1972:18). Evaluating dP(A)/dA at A = 1 (the value which gives the original price of the
security) and dividing by P(1) gives (using Equation 6.13):

1 . dA
dPI A=\= DMuit.
y(0,DMu1t) .
P(1)
(1+ y(O,DMult»)

..
..
MY - D
. y( O D )
The approXImatIOn equatIOn IS - ==
Mult
, Mult .~A
P
(1+ y(O,DMult»)
or
(6.14)
Since A = 1 at the start of the analysis, so any change in A, ~A is given by A-I.
Figure 6.4: Multiplicative shifts to the yield curve.
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Empirical testing

The multitude of potential yield curve shapes and changes from period to period, again intuitively preclude the possibility that a simple multiplicative shift to a current yield curve will accurately forecast a next-period yield curve. To empirically test the effectiveness of the multiplicative stochastic process in the accurate forecasting of interest rate movements, the same data as
described in Section 6.2.1.2 were used. The blue line in Figure 6.5a again indicates a yield curve
at some arbitrary time t = n, whilst the red line is the observed yield curve one period later, i.e.,
at t = n + 1. The black open circles represent the best-tit-possible forecast using the stochastic
multiplicative shift process. The calculated yield curve was regressed upon the observed yield
curve and the result shown in Figure 6.5b. The R2 value is also displayed on the graph. Whilst
the R2 value again seems to indicate a high degree of correlation (R2 = 0.9378),comparisons
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with other suggested stochastic processes (see later sections in this chapter) wi1l clearly show
that this is far from the superior model.

Figure 6.5: (a) Previous period, observed next-period and forecast next-period yield
curves using a multiplicative stochastic process. (b) Regression of calculated multiplicative shifts upon observed next-period yield curve.
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6.2.3 Fisher-Well shifts
6.2.3.1

Theory

Fisher and Weil (1971) were the first to devise immunisation strategies based upon shifts and
changes in the term structure rather than merely upon shifts in the yield to maturity. Whilst their
framework employed continuous compounding, this will not be used here in line with the noncontinuous derivation of all other yield curve shifts. An analogous, non-continuous yield curve
shift for the Fisher-Weil process is:
1+ y*(O,t) = A' (1+ y(O,t))

(6.15)

where A is again a positive random variable with a range that implies that y *(O,t) > O. Equation 6.15 may be rewritten as:
y *(O,t) = (A -1)+ A' y(O,t) for t = 1,2,3,...
thus the process is a combination of both an additive shift (A -I) and a multiplicative shift (A ).
Clearly, both shifts are related to the random shift, A.
With the Fisher-Weil process in effect, the price of a security instantly after the shock to the term
structure may be written:
M

P(A) = IC~'A-1 .(1+y(O,t)t .
1=1

The derivative with respect to A is then:
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dP
dA

= -It.1=1

CF: . A-1-1.(1+ y(O,t)t'

(6.16)

.

Evaluating dP(A)/dA at A = 1 (the value which gives the original price of the security) and di-

vidingby P(1) gives:
M

~.

dP
P(1) dA

= - ~t'CF,.(I+ y(O,t)t'
I

P

A=I

-DFW'

where DFW is the duration for the Fisher- Weil stochastic process. The approximation equation
IS:

M =-DFW 'dA
P

or
M :-DFw'(A-l)
P
Since A = 1 at the start of the analysis, so any change in A, dA, is given by A -1. Figure 6.6
below shows the possible effects of an upward (A

= 1.005) and downward (A = 0.995)

Fisher-

Weil shift on an original (a) upward-sloping and (b) downward-sloping yield curve. In practice,
least squares minimisation techniques are used to determine the value of A in which the value of
A which best forecasts the next day's yield curve shape is chosen. The value of A for the FisherWeil duration can never be negative.
Figure 6.6: Fisher-Weil shifts to the yield curve.
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An alternative interpretation of the Fisher-Weil duration measure is that it takes advantage of the
forward markets to trade interest rate risk directly. The spot rate is defined as the geometric average of the current spot and forward rates, and thus a change in any forward rate can impact upon
a wide range of spot rates. A measure of duration that is linked to forward/spot rate changes can
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be defined as follows. Let 0 r, denote the spot yield to maturity of a t -period discount bond. The
current price of cash flows, CF1,..., CFT ' is given by

A parallel shift in the yield curve then consists of perturbing every yield by a constant amount,
say ~. Let

0

i,=0rl + ~

and let p(~) be the price of the bond at the perturbed yield curve. Then,

the duration may be measured by taking the derivative of p(~) with respect to ~ evaluated at
~ = O. This yields, from Equation 3.3:
T

DM~

T

='"
~1=1 t . WI =Lt.
I~

CF,
P(I+0 r'I

Finally, a measure of duration may be defined directly in terms of perturbations in the forward
I

rates. Let II denote the forward rate between periods t -1 and t. Then (1+0r,Y

= II (1 + Ij ). If
j=1

all forward rates are perturbed by ~ , then

which leads to the Fisher-Weil duration measure:
T

DFW

6.2.3.2

CF,

T

= ~t.WI = ~t. P(I+or,(O»).

(6.17)

Empirical testing

Whilst the Fisher-Weil duration enjoys some success in the market (Au and Thurston 1995:372;
Munk, 2000:171 and Jacoby, 2003:148), the Fisher-Weil stochastic process does not sufficiently
accurately describe yield curve shifts in a volatile interest rate environment as shown below in
Figure 6.7a. To empirically test the effectiveness of the Fisher-Weil stochastic process in the accurate forecasting of interest rate movements, the same data as described in previous sections
were again used. The calculated yield curve was regressed upon the observed yield curve and the
result shown in Figure 6.7b. The R2 value is also displayed on the graph. Whilst the R2 value
again seems to indicate a high degree of correlation (R2

=0.9417), comparisons with other sug-

gested stochastic processes (see later sections in this chapter) will clearly show that this is far
from the superior model.
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Figure 6.7: (a) Previous period, observed next-period and forecast next-period yield
curves using a Fisher-Weil stochastic process. (b) Regression of calculated FisherWeil shifts upon observed next-period yield curve.
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6.2.4 Log-additive shifts
6.2.4.1

Theory

None of the above stochastic processes allow for short term rates to fluctuate instantaneous1y
more than long term rates for both downward and upward sloping term structures. Khang
(1979:1036) devised two processes that alleviate this problem (although Khang also worked in a
continuous compounding framework, the analogous non-continuous time description is presented here). Khang's log-additive process was specified as:
*
_ A .1n(1+ at)
_
Y (O,t) + y(O,t) for t -1,2,3,...
at

(6.18)

where A is a random variable and a is a positive parameter. Since In(1+ at) (> 0) increases
with t at a slower rate than at so that the ratio In(1+ at) / at decreases at t increases. Thus, for
any given value of a , short-term rates are instantaneously shocked by larger increments than
long-term rates. The given positive value of a regulates the degree to which short-term rates
fluctuate more than long-term rates. As a ~ 0, In(1+ at)/ at ~ 1 and so, if a is made small
enough, the log-additive process behaves like an additive process. Figure 6.8 below shows the
possible effects of an upward (A

= +0.009,a = 0.2)

and downward (A = -0.009, a = 0.2) log-

additive shift applied to an original (a) upward-sloping and (b) downward-sloping yield curve.
In practice, a numerical solver technique such as Newton-Raphson (Abramowitz and Stegun,
1972:18), was used to determine the optimal value of both a and A. The simultaneous values of
a and A that forecast the most accurate yield curve values for the next day, are the ones chosen. A least squares method determines this degree of accuracy.

126
---

----

Figure 6.8: Log-additive shifts applied to the yield curve.
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and evaluating it at

A-

~
=-fCF
d1]l=O 1=1

A-

=0

10
Term

15

20

is:

!' In(1+at) .(I+Y(O,t)t.
1( a (1+ y(O,t)) J

(6.19)

This allows an implicit detinition of duration:

In(1+ aDLA(a))

f

In(1+ at)
. (1+ y(O,t)t
( (1+ y(O,t)) J
P

CF: .

1=1

(1+ y(O,DLA (a)))

(6.20)

where DLA(a) is the duration for the log-additive stochastic process as a function of a and
y(O,DLA(a)) is the yield measured at the present time with term to maturity DLA(a). DLA(a)
may not be made the subject of the formula and must be solved iteratively using a NewtonRaphson technique (Abramowitz and Stegun, 1972:18). The approximation equation is
!1P::::

-In(1 + DLA (a))

. LlA-

p - a.(I+ y(O,DLA(a)))

,

or
!1P:::: -In(1 + DLA(a))
'Ap - a.(I+ y(O,DLA(a)))
Since A-

6.2.4.2

=0

(6.20

at the start of the analysis, therefore any change in A-, LlA-is given by A-.

Empirical testing

To empirically test the effectiveness of the log-additive stochastic process in forecasting interest
rate movements, the same data as described in previous sections were again used. It is clear from
Figure 6.9a that the log-additive process best describes the observed shifts in the yield curve. The
black open circles represent the best-tit-possible forecast using the stochastic log-additive shift
process. The Newton-Raphson method was used to determine the optimal value of both A- and
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a . The regression of the calculated yield curve upon the observed yield curve (Figure 6.9b) also
consistently yields the highest R2 value from all techniques examined, no matter the interest rate
volatility ofthe period observed.
Figure 6.9: (a) Previous period, observed next-period and forecast next-period yield
curves using a log-additive stochastic process. (b) Regression of calculated logadditive shifts upon observed next-period yield curve.
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Theory

Khang's log-multiplicative process (Khang, 1979:1037) was specified as:
A .In(l + at) .
*
y (0 ,t ) = A .In(l + at) + +
y (0,t ) fior t = 12
",. 3 ..
at
at
]
[1
where A is a random variable and a is a positive parameter. It is a combination of both an additive and a multiplicative shock and it preserves the feature of short rates fluctuating instantaneously more than long-term rates. Both the log-additive and the log-multiplicative processes involve term-dependent shocks. The additive and multiplicative components are themselves functions of the term to maturity. This, then, is a manner in which the shock may vary with term to

maturity, t. As a

~

0, the log-multiplicativeshift tends to a Fisher-Weilshock and the larger

the value of a , the larger the ratio of short term rate changes to long term rate changes. Figure
6.10 below shows the possible effects of an upward (A = +0.009,a = 0.2) and downward
(A = -0.009, a = 0.2) log-multiplicative shift applied to an original (a) upward-sloping and (b)
downward-sloping yield curve. Note that changes in the long end of the curve are less pronounced than those in the short end.
With the log-multiplicative process in effect, the price of a security instantly after the shock to
the term structure may be written:
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The derivative with respect to A and evaluating it at A = 0 is:

~
~A=O

=-fcF: .( In(l;at)).(l+Y(O,t)t.
1=1

(6.22)

This allows an implicit detinition of duration:
M

I CF: .In(l + at). (1+ y(O,t)t
In(l+aDLM(a))=

1=1

p

where DLMis the duration for the log-multiplicative stochastic process as a function of a . The
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a

Since A = 0 at the start of the analysis, therefore any change in A, ~A is given by A.
Figure 6.10: Log-multiplicative shifts to the yield curve.
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Empirical testing

To empirically test the effectiveness of the log-multiplicative stochastic process in the accurate
forecasting of interest rate movements, the same data as described in previous sections were
again used. Figure 6.11a shows that the log-multiplicative process describes the observed shifts

in the yieldcurvereasonablyaccurately- certainly more accurately than the additive, multiplicative or Fisher-Weil stochastic processes, but not as statistically accurate as the log-additive process as indicated by a comparison of the respective R2 values. The black open circles represent
the best-tit-possible forecast using the stochastic log-multiplicative shift process. The NewtonRaphson method was again used to determine the optimal value of both A and a. The regres129
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sion of the calculated yield curve upon the observed yield curve (Figure 6.11b) consistently
yields high R2 values for all periods observed, no matter the interest rate volatility.
Figure 6.11: (a) Previous period, observed next-period and forecast next-period
yield curves using a log-multiplicative stochastic process. (b) Regression of calculated log-multiplicative shifts upon observed next-period yield curve.
12.6%

13.0%

-Pre.,;ous
-Actual

12.5%
12.0%

o

12.2%

Log muRiplicati>oeforecast

.c
'"
."
!!
.!!
"u
ii
u

."

:!
>-

11.5%

11.0%

11.8%
11.4%

R2

=95.11%

11.0%

10.5%

10.6%
10.5%

10.0%
0

5

10

15

20

25

30

35:

11.0%

(i)

Term (years)

(h)

11.5%

12.0%

12.5%

13.0%

Actual Shifted Curve

6.2.6 Conclusion
Five potential stochastic processes were employed in an attempt to describe the observed
changes in the South African yield curve over the past 71h.years. Of these, only two (log-additive
and log-multiplicative) showed statistically significant results when data - separated by one period - were regressed upon each other. A simple computer programme may be written to determine the values of variable a and the stochastic parameter It. on a period to period basis. This
need not be onerous nor time-consuming from a computational point of view. The associated duration40,once installed (for example) in a spreadsheet, requires little adjustments over and above
those required for the Macaulay duration. This new duration, however, takes into account twists
and bends of the underlying yield curve by relaxing the 'flat yield curve' requirement of the
Macaulay duration. The implementation and testing of this new duration measure on empirical
South African yield curve data is discussed in the next section.

6.2.7 South African empirical data
6.2.7.1

Data

Empirical yield curve data used in the testing of the respective stochastic processes considered in
Sections 6.2.1 to 6.2.5 are shown in Figure 6.12. This figure shows the yield curve (from 1 to 30years, in annual steps) for the South African market over the 71h.years from October 1996 to
May 2004.
It is clear that, during that time, the yield curve underwent severe twists, significant steepening
and pronounced interest rate decreases. This turbulent period is, therefore, a good one in which
40

This new duration is only marginally more complicated to implement than the standard Macaulay duration.
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to test the applicability of the various stochastic processes. If a particular stochastic process performs well under the conditions exhibited by the South African yield curve in the period considered, it is likely to work well under all conditions41,given the gamut of yield curve shapes and
changes in this time. It is important to note that this era embraces the Asian (or Long Term Capital Management) crisis of 1998, the 9/11 terrorist attacks in the US and subsequent interest rate
recoveries of both events.
Figure 6.12: Evolution in time of the South African yield curve from October 1996May 2004.
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Close-ups of the yield curve when rates were highly-variable are shown below in Figures 6.13(a)

- 9/98 and (b) - 9101
The data used were the I-year through 30-year interest rates measured on a weekly basis using
the Reuters™ 'Actuaries Index,42. Let W= 0 be the index given to the first data point, e.g., 1 Oc-

tober 1996. The subsequent week's index is w = 1, and the following w = 2 , and so on. In any
given week, Wi' the yield curve vector, measured from t = 0 up to term t, is given by y(O,t)IW',
j
t = 1,2,3...30. The yield curve vector in the subsequent week is y(O,t)Iw,+I't = 1,2,3...30. The
41Further rigorous testing may be required, but these early results are promising.
42These data take the form of quoted annual interest rates, compounded annually. The JSE Actuaries Index series,
which measures the domestic South Amcan market, converted to an enhanced design methodology on 25 June 2002
and became part of the FTSE/JSE Africa Index Series. FTSE indices are used extensively by investors world-wide
for investment analysis, performance measurement, asset allocation and for creating a wide range of index tracking
funds. Committees of senior fund managers, derivatives experts, actuaries and experienced practitioners independently review all changes to the indices ensuring that they are accurate, timely and without bias. Real time FTSE indices are calculated on systems managed by ReutersThi.
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stochastic processes detailed in the previous section were applied in turn to yield curve vectors
y(O,t)lwi' t = 1,2,3...30, and a 'best fit' curve (to y(O,t)IWi+l't = 1,2,3...30) established using the
ordinary least squares technique. The calculated values (according to the relevant stochastic
process, y'(O,t)1~I ' t = 1,2,3...30) were regressed on actual values y(O,t)1~ ' t = 1,2,3...30 and
the R2 measured. This was performed on each of the data points for the 71f2years under scrutiny.

Figure 6.13: Changes in the South African yield curve over (a) the Asian crisis of
1998 and post September 11, 2001.
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The results showed that simple additive and multiplicative stochastic processes fare the worst,
although this is not surprising given that inter-week shifts can frequently be far from 'parallel'
upward or downward shifts, as shown in Figure 6.14 in which a flattening (in the long end of the
curve), twisting and steepening (in the short end) were all experienced over one week. In cases
such as these (and others), Fisher-Weil shifts are also highly inaccurate, returning relatively low
R2 values. Additive, multiplicative and Fisher-Weil shift processes are unable to cope with nei-
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ther the rapid steepening (or flattening) of the yield curve nor some of the more severe twists that
sometimes occur. For a slowly changing yield curve, these methods do, however, work best43.
Figure 6.14: Example of an inter-week shift in the South African yield curve. This
example shows the yield curve for 16 Nov 1997 and 23 Nov 1997.
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The log stochastic shift processes - both additive and multiplicative - returned consistently high,
R 2 values. The log-additive process was finally selected as the candidate process on which to
test duration forecast accuracy.

Having established the most accurate stochastic process generator for South African yield data,
the associated log-additive duration values were now determined. The log-additive duration was
calculated using Equation 6.20. The real test of value for the stochastic processes above is not in
the accuracy of their forecast of yield curve movements, but rather in the accuracy of their measure of bond price change with a given yield curve change (here using Equation 6.21).
6.2.7.2

Instrument construction

A hypothetical 'rolling' 30-year bond was constructed and its Macaulay (and corresponding logadditive) duration calculated at weekly points in time over the period in which the yield curve
was measured (i.e., October 1996 to June 2004). The change in the bond price was then determined using these duration measures and (i) the change in the yield to maturity (for the Macaulay duration) and (ii) the change in the stochastic parameter, A., for the log-additive duration.
The percentage change in the bond price as forecast by the two measures could then be compared (see Appendix C for statistical p- and t- tests for yield curve forecasting accuracy as well
as determination of actual change in bond prices, M).

In all cases, the log-additive duration

43Tabulated results, including t- and p- tests are presented in Appendix C.
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bond price change forecasts were considerably more accurate. While the percentage bond price
forecast improves with the combination of the convexity term in the case of the Macaulay dura..
tion, no such improvement was required for the log-additive measure.
Figure 6.15, shows the evolution of the Macaulay and log-additive durations measured over the
entire observation period. Times when the yield curve was changing rapidly are clearly shown
e.g., the period immediately following the Asian crisis (beginning in September 1998) and the
months following September 2001. Both the Macaulay and the log-additive durations fall here as
interest rates rise and then slowly recover afterwards as rates fall again and stability returns.
Figure 6.15: Macaulay + log-additive durations over the entire observation period.
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Applications
Elimination of convexity

Estimating changes in the yield curve using the log-additive method may be easily included in
existing spreadsheet models. Whilst the calculation of the stochastic variable, A, and parameter
a is marginally more complex to implement, once set-up, require minimal adjustments. The
technique used to determine these is the standard statistical methodology of ordinary least
squares which is itself simple to both understand and implement. The complexity involved with
log-additive implementation is arguably no more time consuming than calculating and incorporating the convexity adjustment, a requirement of the Macaulay duration interest rate sensitivity
calculation. The log-additive duration technique makes no assumptions about the manner in
which yield curves twist and move in general- hence no limiting suppositions are required.
6.2.7.3.2

Forecasting accuracy

Appendix C gives the statistical p- and t- tests for both yield curve forecasting accuracy as well
as accuracy in estimating changes in bond price. The log-additive technique produces signifi-
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candy better results without the need to adjust for convexity. Indeed, it is even more accurate
than the first and second order terms of Equation 3.5 combined, i.e.,

The values given above the columns in Figure 6.16 indicate the new bond price after a given,
observed yield curve shift. This value is compared with the log-additive duration forecast in red~
the Macaulay duration forecast and the sum of the Macaulay duration plus convexity adjustment
forecast in green. Whilst the sum of the Macaulay duration and convexity estimate the new bond

price with admirableaccuracy « 0.034%), the log-additive duration process provides an even
moreaccurateestimate« 0.006%).
Figure 6.16. Actual new bond price after a given yield curve shift, compared with
log-additive duration forecast, Macaulay duration forecast and Macaulay duration +
convexity adjustment forecast.
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Improvement of DGap measurement

Recall from Equation 6.2, that
M::::::

-In(I+DLA(a))

..-t

P - a. (I+ y(O,DLA(a»)
where DLA(a) is the log-additive duration. This duration was established as being the most accurate measure of interest rate risk from a suite of stochastic yield curve shape change possibilities. This may be further tested on other applications where the Macaulay duration characteristically enjoys some success, for example DGap (see Section 4.2.4.2). Consider the identical balance sheet as that presented in Section 4.2.4.2. (Tables 4.5 and 4.6), but assume instead that the
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log-additive duration has been employed and calculated using a full yield curve - not one in
which the yields at all maturities as assumed to be the same (i.e., the flat yield curve requirement
for the Macaulay duration has been relaxed). Yield curves were chosen that were both upward
and downward sloping, but chosen such that, in each case, all instruments were priced at par in
the initial period or base case (Table 6.1) - as was achieved using the flat yield curve described
in Section 4.2.4.2. As discussed in Section 6.2.4, 2 = 0 for the initial (or base) case.
To minirnise controls, a stochastic yield curve shift was applied such that it gave essentially the
same 1% upward shift in all yields as in the example in Section 4.2.4.2. Many stochastic shifts
are possible - each having a different combination of R and a and each equally probable. Several combinations were tested and the results are tabulated in Table 6.3 below. Table 6.2 shows
a possible balance sheet for one such combination and corresponding log-additive durations.
The DGap in this example is now 1.38 years - using the same technique again as that used in
Section 4.2.4.2. The change in the market value of equity is

where the factor

is the scale factor that replaces

in Equation 4.4 as a direct consequence of the definition of log-additive duration (Equation
6.21).

Table 6.1. Hypothetical balance sheet - base case using log-additive duration.
Par
R 1,000 Coupon

Assets
Cash
Earning assets
3-yr Commercial loan
6-yr Treasury bond
Total Earning Assets
Non-cash earning assets
Total assets

Maturity Parameters

Market
Value

Duration

100
700
200
900
0
1000

Liabilities
lnterest bearing liabs.
1-yr Time deposit
620
3-vr Certificate of d e ~ o s i l 300
Tot. Int Bearing Liabs.
920
Tot. non-int. bearing
0
Total liabilities
920
Total equity
80
Total liabs & eauitv.
1000

12%
8%

5%
7%

.

(Adapted from Koch and MacDonald, 2000).

Figure 6.2. Hypothetical balance sheet - shifted case using log-additive duration and
a specific combination of /Z and a .
Par
R 1,000 Coupon

Assets
Cash
Earning assets
3-yr Commercial loan
6-yr Treasury bond
Total Earning Assets
Non-cash earning assets
Total assets

Maturitv Parameters

Market log additive
Value
duration

100
700
200
900
0
1000

Liabilities
lnterest bearing liabs.
1-yr Time deposit
620
3-vr Certificate of d e ~ o s i l 300
Tot. Int Bearing Liabs.
920
Tot. non-int. bearing
0
Total liabilities
920
-- Total equity
80
1000
Total liabs & equity
- -

12%
8%

2.65
4.93

2.83

1.oo
2.73

5%
7%

904.96
69.53
974.49

1.56

(Adapted from Koch and MacDonald, 2000).

Table 6.3. Combinations of A and a that could give rise to yield shifts indicated in
Figure 4.1, with corresponding DGaps and hMVE's .

DM,,Gap = 1.42

A

a

D L A G ~ ~ M n E ' s from D,

D m M V E = gR12.40
% diff from

D,

W

E

The log-additive duration measure has been shown to be a superior forecaster of changes in both
the yield curve and bond prices and thus is an improved measure of interest rate risk. The logadditive duration does not entail vast computational complexity and indeed, to forecast the next
period yield curve, requires an estimate of the change in only one stochastic parameter -

a-

from period to period and one variable a . The Macaulay duration achieves similar ends and also
requires only an estimate of the change in only one parameter: the yield to maturity, in order to
forecast bond price changes. But it is there that the similarities between the two durations end.
A comparison of the pros, cons, limitations and successes of the two duration measures is given
below in Table 6.4.
The log-additive duration does not suffer from the same drawbacks or limiting assumptions that
shackle the Macaulay duration, yet it consistently produces better forecasts of yield curve
changes and does not require a cumbersome corrective term in the form of convexity. For the
South African fixed income market at least, the log-additive duration seems to be the measure of
choice. Other markets may benefit from other stochastic processes detailed in this section. A
combination of refinements to volatility measurements (Botha and van Vuuren, 1999; van
Vuuren et al, 2000, van Vuuren et al, 2003), and this more accurate log-additive duration measure could lead to overall superior risk measurement of fixed income securities.

6.3 Conclusion
The improvement to fixed income pricing estimation due to stochastic yield curve parameter
movements, at least for the South African fixed-income market, has been established empirically. Early results (see Appendix C) indicate that the log-additive duration measure is signifi-

cantly better at fixed income pricing estimation than the Macaulay duration and, in addition, requires no convexity adjustment.

Table 6.4: Comparison of salient features of the Macaulay and log-additive duration
measures.

LOG*ADDITIVE

MACAULAY
Input
required
Output

Cash flow table and current yield curve
Log-additive duration

Macaulay duration

Required to
estimate bond Change in yield to maturity
price change

Change in stochastic yield curve
shape variable A and parameter a

- -

Duration is implicit - can be calculated using an iterative process using
Equation 6.20:

Time weighted cash flows divided
by original price using Equations
5.2 and 5.3:

1 4 + aD,, (a))

Flat yield to maturity curve at all
tenor points

No assumption about yield curve
shape - any change is possible

Yield to maturity curve moves
only in a parallel fashion

Any change in yield curve possible
Any movement is possible

Yield to maturity movements
change in a linear manner

Forecast
statistics
Calculation of

See Appendix C
Equation 3.4:

1

Equation 6.21

-

AP -p

Amendments

Convexity partially corrects for
curvature of pricelyield relationship

-]"(I+ D, (a))

.A

a (1+ Y (0, D, (a)))

No convexity correction required for
curvature of pricelyield relationship

An overall summary of the thesis, main conclusions drawn from the research and suggestions
for possible future exploratory directions are presented in the next, final chapter.

Chapter 7
Summary, conclusions and suggestions for future

work
7.1 Summary
The rapidly-changing interest rate risk environment of banks and other financial institutions is
under increasing pressure from investors, regulators and governments to provide accurate, timely
and transparent reports of risks taken and profits/losses recorded. These were more easily concealed in the past due to loopholes in the complex nature of derivative profit and loss reporting,
lack of capital required for the banking book's interest rate risk and a generally loose approach to
some aspects of banks' interest rate risk.
Present-day banks are being forced to adapt to far more stringent regulatory and accounting environments. Whilst trading book, derivative profit and loss went largely unreported in previous
years, this moved from being off-balance sheet to on-balance sheet only a few months ago
(January 2005), due largely to the convergence of internationally acceptable accounting rules
embodied in the IAS 39 document and local variations thereof (e.g., AC 133). Financial instruments which comprise embedded optionality will now be reported on balance sheet and not - as
before - only at maturity. In addition, all instruments which face the possibility of default must
now be priced accordingly if the correct fair value of the derivative in question is to be obtained.
Interest rate risk of a portfolio cannot be measured accurately if the instruments that comprise the
portfolio are themselves inaccurately priced or if the way in which they react to underlying shifts
in risk factors (i.e., shifts in the yield curve) is unknown or erroneously modelled. The existing
Macaulay duration - as a tool for the measurement of interest rate risk - is clearly inadequate in
the current financial environment. This thesis examined possible amendments to the Macaulay
duration and tested the application of these amendments to empirical data. The alterations that
best embraced both embedded optionality and implied defaultability were explored further and
considered with regards to the imminent introduction of new, stringent regulatory pressures (in
the form of the new Base1 accord) and accounting standards (in the from of AC 133).
The new Base1 accord is now less than two years away from full implementation (time of writing: June 2005). Banks will, at that stage, be forced - inter alia - to calculate and then reserve
regulatory capital for interest rate risk that arises from banking books. Whilst there are several
methods in which to do this, the current Macaulay duration methodology is incapable of accu-
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rate1y measuring potential capital requirements for movements in the yield curve. Among its
many shortfalls is its implicit assumption that the yield curve is both flat and that all subsequent
movements are parallel to this flat yield curve. New interpretations of the Macaulay duration as a
measure of interest rate risk are required in which such limiting assumptions are not made. This
thesis introduced and tested some potential new measures which did not rely on restrictive conjectures and considered the application of these measures to interest rate-sensitive financial instruments. The successful application of these results to a potentially improved economic measure of the market value of equity (via an improved duration measurement) was undertaken and
confirmed empirically.
The relevance of all of these new measures and interpretations were placed in the context of the
previous, current and forthcoming regulatory and legal environments and considered new impending accounting standards.
Table 7.1 Summary of thesis conclusions from the banking and trading book perspectives.

Table 7.1. Conclusions and summary.

TRADING BOOK
Activity

Instruments traded for hedging and
s~eculation
Bonds, interest rate swaps, options,
I futures, forwards, exotic derivatives

I

I

Instruments
involved
New legisla-

1

Base1 I capital
reserve

I

I

I

BANKING BOOK
Core banking activity

I

( Deposits and loans (assets and liabili-

I ties)
I

I

IAS 39

I

Required

I

The new Base1 accord

I

Not currently required
Will be required (2007)

Derivatives move from 'off to 'on' to
IAS39/AC 133 I balance sheet (January 2005)
Measurement
VaR, scenario testing, stress testing
of IRR
Improved valuation accuracy of inWill benefit
struments with embedded optionality
from:
and which have credit risk
Therefore important that:

1

Improved measurement of duration
gap
Reserve capital is both adequate (not
too small) and constrained (not too
large) - accurate measurement of gap
- hence duration of assets and liabilities

Defaultable and option-embedded instruments are correctly priced and interest rate risk for derivative instruments accurately dealt with
Chapter 5

P/
Pers ective

Transactions remain on balance sheet
(unaltered)
Gap, duration gap, Monte Carlo interest rate scenario generation

Chapter 6
I

Market
Short term (trading) horizons

1

Economic
Longer term perspective
On and off balance sheet

7.2 Conclusions
The existing Macaulay duration measure has enjoyed almost unparalleled success in the financial
arena. It has undergone several modifications over its lifetime to adapt to new and innovative
financial instruments which were unavailable in the 1930's. The Macaulay duration functions
tolerably well if these amendments are correctly implemented. Financial instruments which have
embedded options and the probability of default were both dealt with in this thesis and the
Macaulay duration was altered in a way which allowed it to take account of both these important
features. Initial results are good, reproducible and explicable within the context of changing interest rate environments. For all the effort dedicated to resuscitating the Macaulay duration, the
feeling remains that an entirely new measure must ultimately be found - not a patchwork of recalibrations.
Returning to original definitions of duration and far more realistic, stochastic descriptions of
yield curve movements allows precisely such a new measure or measures to be defined. Whilst
the mathematics underpinning the yield curve shifts is not new, it has not previously been applied and tested in the current, rapidly-evolving financial environment. These shifts were explored in detail and found to provide accurate measures of the interest rate risk associated with
many shape shifts of the South African yield curve. These are easily implemented and seem to
negate the necessity for the convexity adjustment.
Accounting standards and the regulatory milieu will continue to demand more stringent requirements as the process of financial engineering becomes ever-more complex. Adopting sensible,
robust measures which approximate a bank's interest rate risk accurately - whether trading or
non-trading - can only protect a bank's bottom line and provide greater assurance to a nervous
investment community.

Suggestions for future work
Further research could include stochastic descriptions of yet other possible yield curve shifts,
including the rigorous back-testing of these measures. Within the mathematical framework presented in this thesis, the development of a several 'standard' stochastic measures could in principal be developed and implemented according to the relevant economic environment.
The contradictory results between theory and observation, reported in Section 4.2, necessitate
further theoretical examination.
The log-additive duration seems to be the measure of choice for the South African fixed income
market (in terms of accuracy of forecasting the effect of interest rate movements on fixed in-

come prices). International fixed income markets may benefit from different stochastic processes detailed in this thesis or, indeed, entirely new definitions of stochastic movements in interest rates. This important question deserves further investigation.

A combination of refinements to volatility measurements (Botha and van Vuuren, 1999; van
Vuuren, 2000 and 2001), and this more accurate duration measure could lead to overall superior
risk measurement of fixed income securities.
A further project could include synthesising the embedded optionality and defaultability mathe-

matics of this thesis with the stochastic yield curve shift duration mathematics. This could result
in yet a more accurate measure of duration and hence interest rate risk in general.

APPENDICES
Appendix A
Derivation of continuous compounding equation
The limit of the pay-off function of interest rate r as the length of the compounding period tends
to zero is e r ,i.e.,
lim
n+

where n is the number of compounding periods. This may be demonstrated by performing a binomial expansion on the left hand side of the above equation:

then
lim
n+m

x-{ (
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Appendix B
Tracking error
Used in the context of general equities, traclung error is the standard deviation of the difference
between the portfolio return and the desired investment benchmark return measured over a given
time period.

where T is the number of time periods under investigation, r p is the portfolio return over a single period, r q s the benchmark return over a single period and the overbar represents the average of the quantities concerned. Tracking error thus provides a measure of relative risk and is
popular in asset management portfolio risk analysis.
Note the similarity to the standard and most commonly applied measure of risk: standard deviation, o :

Appendix C
Regression resuIts: Defaultable and defau It free
Macaulay duration
Regression data used to analyse the results presented in Chapter 6, are given below in Tables C.1
and C.2, for the years 1997 through 2004.

dP 1
.-.
(1
dy n.P

Table C.1. Summary of repression statistics for DM, = --

):

+

against

the defaultable Macaulay duration.

ANOVA

1997

1998

1999

2000

2W1

2002

20@3

2004

Multiple R

0.993

0.992

0.993

0.992

0.993

0.994

0.992

0.992
0.985

R2

0.985

0.985

0.986

0.984

0.986

0.988

0.984

Adjusted R
'

0.985

0.985

0.985

0.984

0.986

0.987

0.983

0.985

Standard Error

0.426

0.455

0.431

0.435

0.41 1

0.393

0.452

0.410

Observations

118

120

111

120

110

112

108

120

df

SS

Regression

1

1426

1569

1497

1382

1412

1447

1441

1306

Residual

118

21.43

24.43

21.88

22.3 1

19.93

18.22

24.08

19.82
1326

Total

119

1447

1593

1519

1405

1432

1466

1465

MS

Reaession

1426

1569

1497

1382

1412

1447

1441

I

I

Residual

1

0.182

1

0.207

Yield
Yield
t Stat

Intercept
Yield

88.599

87.059

P-value

Intercept

l.lE-22

l.lE-25

Yield

8.5E-110

6.5E-109

Lower 95%
Upper 95%

12.224

13.506

Intercept

1.417

1.537

Yield

0.987

0.972

Intercept

1.965

2.065

Yield

1.032

1.018

1

0.185

1

0.189

1

0.169

1

0.154

1

0.204

1306

1

0.168

1

):
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Table C.Z. Summary of regression statistics for DM, = -- -.(1 +
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the default free Macaulay duration.

I

1997

1998

Multiple R

0.990

0.991

0.991

R~

0.98 1

0.983

0.983

0.981

117

111

112

116

114

115

115

117

1173

1255

1279

1136

1016

1186

1061

118
119
Regression

I

1

22.30
1152
1129

1
1
1
I

I

20.85
1194
1173

I

1

0.177

0.189

Intercept

7

I

1.879

22.01
1277
1255

I

1

0.187

1302
1279

I

1

0.196

I

I

2.093

23.12

2.314

21.59
1157
1136

I

1

1039
1016

I

I

I

1

0.194

0.183

1.919

22.95

1.702

24.43
1210
1186

I

1

0.207

I

2.014

20 10
1081
1061
0.170

I

1.787

1.908

I

Yield
Intercept

1

0.869
2.42 1

1

0.852
2.594

1

0.839
2.798

1

0.866
2.454

1

0.886

1

0.852

1

0.871

1

0.855
2.405

1

I

Yield

1

0.915

1

0.894

1

0.881

1

0.910

(

0.931

1

0.900

1

0.918

1

0.899

1

Upper 95%

I

0.981

0.980

Observations

I

I

0.991

0.980

0.981
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1

0.990

0.978

0.982

SS
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2004

0.980

df

Total

2003
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ANOVA
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Regression
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1999
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Appendix D
Statistical tests
Using data from Chapters 6 of this thesis, statistical t- and p- tests were conducted as follows.
Two consecutive days of known yield curve data, dl and d,,, were used. The log-additive methodology was then employed to generate the value of A, and a, that best approximated d,+,'s
yield curve from dl 's yield curve data, using the ordinary least squares method. Values of A,
and a, were applied to the previous day's data using y * (0,t) =

A .ln(l+ at)
art

+ y(0,t)

(Equation

yL is the log-additive forecast yield curve vector and y is today's actual yield
curve vector. Regressing yL on y gives RL (first column) and an estimate of both the gradi-

6.18) in which

ent (3rdcolumn) and associated t - and p - statistics (5thand 7thcolumns respectively). Yields to
maturity were found for d, and d,,, (note that the implicit assumption has been made that the
yield curve is flat), as well as the difference between these, Aytm. This value was then added to
y : d,'s actual yield curve vector to give d,+,'s forecast yield curve vector, y,ac. Regressing
y,,c

on y gives R;,

(second column) and an estimate of both the gradient (column 4) and the

associated t - and p -statistics

(columns 6 and 8 respectively). The change in A ,

AA = A,,, - /1, and recorded in bps gives the gth column (note: t = 1, A, = 1 by definition). The
lothcolumn gives Aytm = ytm,,, - ytm, in bps. Forecast values of the change in the bond price

under investigation using the log-additive duration (discussed in Chapter 7),

4 ,is given in

the 1lthcolumn, whilst those estimated by the Macaulay duration, AP,, , are shown in the 12"
column. Adding the convexity adjustment to the change in bond price as estimated by the
Macaulay duration is shown in the 1 3 column
~
and given by AP,,,

. The final (14Ih) column,

gives the actual change in the bond price, APAc,,, as obtained using actual yield curves and simulated bonds with known coupon and maturity. Whilst it is clear that the combination of Macaulay
duration and convexity are sufficient to give accurate values of AP, the log-additive duration
requires no such adjustment and enjoys far better overall statistics than the Macaulay duration in
all instances. This technique was used on multiple-security portfolios and the same results were
obtained.
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