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There is an expectation on the part of shareholderthat financial institutions assume,
intermediate and advise on financial and other risk. Organizations appropriately expect
that line managers possess the risk management dgjleither intuitively or by incorporating
formal risk analyses, necessary for their risk takng business activities. Consequently,
organizations have traditionally spent the greatepart of their analytical and technology
budgets on expertise and tools to help these managenake money rather than to minimize
losses or comply with regulatory requirements. Risknanagement systems were too often
viewed by these organizations as a costly contralriction mandated by regulatory
authorities with little or no benefit to the bottom line. In fact, an appropriately
implemented and utilized risk management function an help organizations better align
their expected returns for the risks and costs und#aken in order to increase the bottom
line and ultimately enhance shareholder value.
While risk management has traditionally been vieweds a methodology for preventing
large losses and appeasing regulators (capital pwation), it is also a continuous process
of balancing risk taking and capital. Presented be&w are some high level observations on
proactive market risk management and asset-liabilif management (ALM) at capital
markets entities, banks, and insurance companies
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An example of proactive risk management is the risladjusted return on capital (RAROC)
methodology developed by Bankers Trust two decadegjo. RAROC balances return with
risk measurements, such as Value at Risk (VaR), sirtation, deterministic/scenario risk
forecasting, and other risk measurement tools. Theltimate goal of RAROC methodologies
is to provide a uniform measure of performance thamanagement can use to compare the
correlated economic as opposed to the uncorrelatetcounting profitability of businesses.
RAROC calculations include other sources of risk b&des market -- credit, country, and
specific/business risk -- but this paper is limitedo a discussion of market risk.
Another example is the Return on VaR (ROVaR) markerisk measure which utilizes
estimates of future returns and volatility. The ROVaR ratio (expected return/risk
contribution to portfolio) is based on ex-post perdrmance measurement ratios developed
by William Sharpe. ROVaR allows a financial instituion to allocate firm capital only to
those businesses and transactions whose estimate@\VRR exceeds the firm mandated
hurdle ROVaR on an ex-ante basis. For example, Busss A may provide an expected
return of 30% on capital versus Business B's 12%. @& the former's contribution to risk is
35% of capital (0.86 ROVaR) versus the latter's 10%41.20 ROVaR). Consequently,
Business B may be a more attractive business viewpdrely on a risk-adjusted basis.
The expected return side of ROVaR and RAROC measuseshould be adjusted for funding,
credit, operational costs and associated expens#dransfer pricing is structured
appropriately, such costs could vary greatly betweaebusinesses and thus significantly
impact comparative ROVaR calculations. For examplea bank's consumer loan portfolio



may return higher margins than commercial and mortgage loans, but the associated costs of
servicing such loans may reduce their relative appé.

RAROC and the related ROVaR measure integrate riskaking and capital preservation
functions, which usually work independently in mostbrganizations, into the overall
corporate objective of optimizing total risk-adjusted performance.

Proactive Market Risk Management For Capital Markets Activities

Risk Management Units Many entities with capital makets activities have independent risk
management units (RMUSs) that measure and monitor k. RMU staff are often highly
guantitative and generally possess appropriate skd to monitor traders and ensure that
limits and approved trading strategies are adheredo. But a closer look reveals that not all
RMUs are alike or necessarily analyze transactionsn a risk-adjusted basis. Once RMU
procedures and modeling methodologies have beenasished, most of the work involves
daily transaction monitoring and participation in new product development. For these
independent RMUs, true independence means theren® cross fertilization of staff between
trading and risk management and that compensationsi absolutely independent of trading
profits.

Decomposing Risk & Proactive Reporting A proactiveeporting and risk analytic
infrastructure allows managers and traders to easyl view the marginal impact to the firm's
risk of potential transactions. For example, if a tader knows that a particular transaction
will reduce the firm's or desk's total correlated risk, the trader may be more willing to
proceed than if the trade will increase total risk.Of course, performance measurement and
compensation should encourage this risk/return tradoff. Otherwise, such reports may
serve as strictly a management information piece ahrisk not being utilized by traders.
Clarifying the sources of risk in the portfolic andwhat trades will provide effective ways to
reduce risk can provide help in making appropriatetrading decisions. In essence, risk
management requires more than a single VaR calculiain representing the potential loss
amount under a certain confidence level. Risk managnent requires a decomposition of
risk, an ability to find potential hedges, and an hility to find key drivers of portfolio profit
and loss on a correlated basis.

The sources of a desk's or firm's largest correlatérisks determine the composition of the
most efficient hedges. For example, a hypotheticaloney market desk may estimate that
the key driver in its European money market portfoio is the $/Mark FX rate. Though the
desk has no position in the FX markets, the link beveen money markets and FX may drive
its P&L. Consequently, the desk may be most conceed with the $/Mark rate's direction.
Further, the desk might decide that trading in theFX market to either increase or decrease
(hedge) its money market portfolio is more efficienthan trading in disparate money
market instruments.

Proactive Limit Setting The limit setting process nust support the firm's risk appetite and
mission yet remain flexible enough to permit captue of short-lived return opportunities. A
profitable trade opportunity may require reallocating risk limits. For example, an arbitrage
deal in Market A may demand exceeding risk limits |y as much as 50%. But because the
deal is quite lucrative and may enhance a customeelationship, the deal may be
consummated cautiously by reducing risk in productor markets highly correlated to
Market A.



Regulatory Pressure Regulators have influenced muobf banks0 trading risk management
practices. For market risk in the trading portfolio, banks must allocate capital according to
a combination of Bank for International Settlement(BIS) and US bank regulatory rules.
Currently, the Basle Capital Accord of July 1988 reuires that banks allocate capital
strictly for credit risks. Effective end-1997, the"BIS Amendment to the Capital Accord to
Incorporate Market Risks" requires additional capital for market risks in trading

portfolios. In September 1996, the US bank regulats issued a joint rule, "Risk-Based
Capital Standards: Market Risk" also effective end1997, requiring banks with significant
exposure to market risk to measure that risk usingheir own internal VaR model and to
hold a commensurate amount of capital.

Business Strategy Capital markets entities are beagning to base compensation and business
strategy on RAROC. In these cases, the risk/returrelationship drives business strategy.
For instance, if expected profitability in BusinessA is disproportionate to potential risk,
management may downsize Business A. Fee-based besses, many of which do not involve
any direct use of capital at all, may have signifent risks. For example, fee generating
businesses, like corporate financial advisory andsaet management, have risks which may
be difficult to quantify. Advisory is often difficult to leverage since the work can be labor
intensive and competitive pressures can force exdore compensation to high levels. On the
other hand, asset management can be heavily levermbas raising additional money
requires decreasing marginal expenditures. Yet, igeneral, acquired money management
businesses fetch tremendous premiums, while starps require an acceptable three to five
year track record to begin acquiring significant mandates.

Proactive ALM at Banks

Proactive ALM requires an accurate depiction of ri&k and the communication of such risk
to product managers. Often, the major challenge fobank management is addressing the
natural tension between loan and deposit product meagers and ALM managers. While
product managers may be constantly meeting customelemand by innovating more
sophisticated product, ALM managers carefully updaé their models to measure and
control these new risks. RAROC methodologies encoage product managers to price
competing products with these risks in mind so aotmaximize profits for a given level of
risk.

ALM managers measure and monitor interest rate riskfor all on- and off- balance sheet
instruments from two perspectives: earnings and maet value (see diagram). The earnings
perspective focuses on the impact of interest ratdhanges on a bank's near-term earnings;
while the market value perspective focuses on a blis underlying value. The interest rate
sensitivity of financial instruments depends on may factors, including duration, yield
curve, basis, repricing characteristics, and embed#t options affecting the timing of cash
flows.

Earnings Risk

Earnings models focus on the impact of changes interest rates on accrual or reported
earnings. Gap models and repricing schedules analyzarnings risk in terms of the gap or
mismatch between assets and liabilities over durath or maturity buckets. Gap models
usually make simplifying assumptions about interestate and cash flow behavior. For
example, they often do not take account of mortgagaepayments or potential



disintermediation from rising interest rates. Further, gap models generally assume perfect
correlations between products.

Consequently, many ALM managers are rapidly replaang traditional gap models with
earnings simulation models. Simulation models allowhe manager to make choices about
the behavioral relationships mentioned above. If tb assumptions are robust, such models
can be significantly more accurate than gap model3.herefore, product managers can
utilize better data for assessing the risk in newansactions. Dynamic simulation models,
such as Earnings at Risk (EAR), warn of potential &nings shortfalls over a range of
maturity buckets over longer periods of time and maage option-like returns.

Earnings risk originates from the interest rate gapbetween loans and bonds (assets) and
deposits and other funding (liabilities). Off-balarce sheet exposures, such as mortgage
servicing and transaction processing fees can albe an important source of earnings risk.
Traditionally, commercial banks are asset sensitiveheir floating rate loans (assets) have
shorter durations or reprice more frequently than their core deposits (liabilities). Thrifts
and savings banks, on the other hand, tend to bebility sensitive with their deposits
(liabilities) repricing more frequently than their longer duration mortgage loans (assets). To
the extent that commercial banks have increased tiremortgage loan holdings and long
duration bond portfolios, they, too, have become nie liability sensitive and are naturally
exposed to rising interest rates.

Many banks proactively manage the gap in their inte2st rate exposures with a variety of
derivatives, primarily customized OTC swaps and opbns and exchange traded futures.
Additionally, banks can manage the basis risk betwen Prime-based loans and Libor-based
deposits with basis swaps and spread options. Fimglbankers can manage embedded
written options in their loans and deposits with be¢h caps and floors. These derivatives are
associated with either assets or liabilities and dermine the aggregate interest rate gap.
Market Risk Market value models consider the potenial impact of interest rate changes on
the present value of all future cash flows. Becausearket value models provide a more
comprehensive view of the potential iong-term effés of changes in interest rates vig-vis
the earnings perspective, its risk numbers are ofteused in the calculation of RAROC and
ROVaR measures to help product managers balance kisor reward.

ALM managers measure market risk with duration-gapmodels and/or market value
simulation models. Similar to the distinction betwen earnings gap and simulation models,
market value simulation models rely more heavily upn assumptions than do duration-gap
models. Different from earnings simulation modelsmarket value simulation cash flows are
not static, e.g. cash flows are dynamically simulatl over the entire expected lives of the
bank’s holdings.

A major hurdle for banks is incorporating correlati ons into the market risk analysis of
their balance sheets. Once correlations are ideni#d, scenarios of increasing correlations
can be studied. Variance/covariance risk measureshich explicitly estimate volatilities and
correlations, are suitable for predominately lineartrading portfolios. But these linear
models are less appropriate for managing correlatios between loans and deposits
embedding options, the major bank balance sheet ites.

Increasingly, many ALM managers are relying upon mee sophisticated option-adjusted
simulation methods, such as Monte Carlo simulatiortp account for correlations and non-
linear return profiles. Banks that choose not to inplement such models, at the very least,



should model user-defined interest rate and volaitly scenarios. Such market value stress
tests should include horizon repricing under varios scenarios to capture the effects of
variable relationships among key markets, changes ithe shape and slope of the yield
curve, and changes in liquidity and optionality chaacteristics.

For both simulation and stress tests, sensitivityests should be performed on the possible
breakdown of key business assumptions and parameggrsuch as loan and deposit growth
and runoff, deposit repricing speeds, spread changeoptionality, yield curve twists, and
other exogenous factors resulting in unstable cortations. Management should put in place
appropriate contingency plans and periodically revew both the design and results of stress
tests.

Limit Setting The goal of risk management is to maitain a bank's exposures (net income,
net interest income, and market) within self-impose limits over a range of possible market
movements. Limit setting should conform to the sizecomplexity, and capital adequacy of
the bank. Further, a well-designed limit system shdd enable management to control risk
exposures, initiate discussions about opportunitiesnd risks, and monitor actual risk taking
against predetermined risk tolerances.

Regulatory Pressure For ALM purposes, banks must daere to a combination of Bank for
International Settlement (BIS) and central bank regilatory rules. For instance, in January
1997, the BIS made a consultative proposal, "Prinpies for the Management of Interest
Rate Risk," whose objective is to outline a numbeof the principles for use by supervisory
authorities when evaluating banks' interest rate r§k management. The proposal states that
"sound interest rate risk management involves the gplication of four basic elements in the
management of assets, liabilities, and off-balanaheet instruments:

Appropriate board and senior management oversightAdequate risk management policies
and procedures Appropriate risk measurement and moitoring systems; and
Comprehensive internal controls and independent egtnal audits”

In December 1991, the US Congress passed the Fed@®apository Insurance Corporation
Improvement Act (FDICIA), which requires all Federal banks and thrift regulators to
incorporate an interest rate risk component into treir risk-based capital requirements.
Rather than imposing a "minimum capital standard" for interest rate risk, US bank
regulators, on 6/26/96, issued a joint-policy, "Sugrvision and Regulation Letter 96-13," to
allow banks to rely on their own risk measures. "Naoetheless, the agencies will continue to
place significant emphasis on the level of a bankisterest rate exposure and the quality of
its risk management process when evaluating a barktcapital adequacy," as the policy
states. The joint-policy features the four primaryelements of a sound risk management
system as outlined in the BIS proposal above.

Under these and other guidelines, bankers have aad map for allocating capital between
businesses. Other entities have to either live wittegulators less knowledgeable about risk
management or fend for themselves without regulatgrguidance.

Business Strategy Risk-adjusted return methodologgepermit banks to measure the
marginal impact of new transactions to portfolio risk. Similarly, banks may allocate risk
capital among whole businesses with the highest RAWRC measures. To the extent that the
RAROC measure is higher than the cost of equity, #n the business is judged to be creating
value for shareholders. Fee-based businesses, mariywhich do not involve any direct use
of capital at all, may have significant risks. Forexample, securities trading may require



little capital to adequately support credit risk but should require a lot for market risk.
Further, mortgage servicing, although a fee generatg business, can be the source of
significant interest rate and volatility risk. RAROC models should include the mortgage
servicing portfolio's extreme sensitivity to falling rates into the ROVaR equation, although
BIS requirements do not.

Proactive ALM at Insurance Companies

Exposure Management The actuarial value and risk oinsurance liabilities, which are
primarily written insurance policies and investmentproducts (GICs and SPDAs), should
largely determine the optimal investment benchmarlallocation. Generally, life companies
have longer duration assets to match their long ten liabilities; while property and casualty
(P&C) companies have shorter duration fixed incomeassets for their shorter term
liabilities. Like pension funds, insurance companig generally prefer fixed income to
equities to help match asset risk to liability risk But more similar to a bank, the typical
blend is often close to 95/5 versus pension fundafger equity allocations.

The complexity of an insurance company balance shieis also quite similar to that of a
commercial bank -- many insurance companies haveggiificant negative convexity
(exposure to interest rate volatility) in both ther liabilities and assets. On the liability side,
they receive premiums for which they bear downsidexposure in excess of upside profit
potential. Further, they often write options in products such as guaranteed rates in interest
sensitive products, fixed policy loan rates, caslugender options, and flexible premium
products. On the asset side, many insurance compasiinvest in callable bonds and
mortgage backed securities, which also have negaticonvexity.

Cash Flow Versus Market Risk An insurance company gnerally looks at risk from three
different perspectives: economic, accounting, ancegulatory. Minimizing risk under one
model may exacerbate the other two, so managemenust optimize risk-adjusted returns
from all three perspectives. For example, fixed ra debt minimizes cash flow volatility yet
maximizes market risk. Therefore, management is oled to minimize one risk and place
constraints on the other. FASB's proposal "Accountig for Derivative and Similar
Financial Instruments and for Hedging Activities" is compelling insurance company
treasurers to prioritize market risk over cash flowrisk more so than previously.

The NAIC Standard Valuation Law of 1993 requires that a qualified actuary forecast cash
flow risk according to the guidelines of the Actuaial Standards Board. The NAIC law
requires insurers to consider at least seven intesérate scenarios over a ten year period.
Similarly, a recent Moody's Investor Service report "Evaluating Interest Rate Risk of US
Life Insurers," indicates the US credit rating agerty's usage of cash flow testing in
evaluating the credit of insurance companies.

CMT-Based Hedging In general, insurance company bahce sheets are similar to a short
straddle option position. They are exposed to incesing volatility on both the asset and
liability side with few natural hedges. When ratesise, they have a liquidity shortage as
customers surrender policies to pursue more attracte investments; so the firm may not
invest in the higher prevailing rates. Converselywhen rates decline, cash receipts
accelerate so that the insurance company is forced reinvest at the lower prevailing rates.
To proactively address such option-like exposure, any insurance companies are heavy
purchasers of OTC Constant Maturity Treasury (CMT) caps and floors, swaptions, and
swaps to either hedge this exposure linearly or asymetrically. CMT indices are often used



to match the longer term nature of the underlying fond portfolios. To complicate matters,
many insurers face significant basis risk betweerheir declared crediting rates, which are
usually tied to a 5-7 year CMT rate, and portfolioyields. Often, the CMT rate does not
match the risk of the underlying bond portfolio's return. Again, CMT caps, floors and
swaps may be the appropriate hedge alternative. Ldg, insurance companies often use
basis swaps and spread options to hedge the diffei® between the spreads over their asset
and liability indices.

Business Strategy As with other financial institutons, large insurance companies are
generally decentralized so that different operatinginits make investment and product
decisions that result in overall risk exposures thizare suboptimal or even unacceptable
from a firmwide view. Costly inefficiencies emanatdrom different operating units
developing redundant capabilities and transactionsThere is often no centralized reporting
system to identify the firm's overall exposures sthat management can avoid transaction
duplicity. Conversely, decentralization allows opeating unit managers to leverage their
knowledge of local capital markets and local regulary, accounting, and tax structures.
Risk management allows the beneficial aspect of daaralization to coexist with the
advantages of RAROC methodologies -- centralized set allocation and controls, ex-ante
risk measurement, and efficient capital utilization

Conclusion

As Peter Bernstein stated in his popular Against th Gods: the Remarkable Story of Risk,
the basis for risk management and ALM concepts havieeen around for centuries --
Pascal's probability theory, Bernoulli's utility theory, an older Bernoulli's Law of Large
Numbers, De Moivre's standard deviation, Gauss's mmal distribution, Galton's regression
to the mean, and Quetelet's bell curve, to name aw. Yet, it is only in the last several years
that a large part of the global financial communitydeveloped robust risk modeling
methodologies and technologies to reduce the likkbod of catastrophic losses. This is
primarily in response to the tremendous expansionfdhe financial marketplace with the
increased volatility of financial and commodity praducts. In addition, the advent of a liquid
derivative market now provides financial managers wh an abundance of risk management
tools. Utilization of these tools in conjunction wth a sophisticated ALM process can
enhance shareholder value by reducing the likelihabof losses and by providing the basis
for risk-adjusted measures for optimally allocatingcapital between businesses and
products.
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The finance industry has increased its awarenesskomanagement practices as a result of high
profile failures abroad, advances in technology @exklopments in the regulatory process.

There has been an increased emphasis on the qfalityernal management systems as a key




defence against large trading losses such as éxpsgienced at Barings, Daiwa, Sumitomo and
National Westminster. Advances in technology hawvabled institutions to develop more
sophisticated systems for monitoring and contrglhisk. Regulatory developments have
contributed by recognising the more rigorous rishagement methodology contained in banks'
internal models for the purpose of setting maright capital standards.

With the shift in focus to risk management, thess heen ever increasing attention devoted to the
guantitative “rocket scientist” elements underlytraiding products and risk management
methodologies. This paper however, steps away thenrmathematics and looks at the
qualitative framework surrounding the quantita@wealysis. It analyses at a practical level the
issues involved in risk management across an aghon. It highlights the increasing emphasis
on risk management systems, methodologies andgeadiy institutions and regulators. The
paper looks at the significance of the control fiorcin the risk management framework and
outlines a number of trends including the growimgortance of the risk control unit. It briefly
touches on the major issues underlying asset ahility management and examines the
contentious issue of defining the trading and bagpkiook. Finally it outlines some market
trends including the move away from proprietarglitng towards customer generated business.
1.Systems and Technology

In a typical dealing room there are a range okdé#ht systems across the various
markets/products (for example, foreign exchangey@st rates, commaodities, equities and
options). Traders have access to front end deajistgms with the focus on pricing, position
keeping and risk management. The back office mkdmanagement functions have systems to
generate confirmations and settlement, produceenident profit and loss and risk exposure
reports and monitor limits. The final link in tbkain is the accounting function which is
responsible for the general ledger system.

One of the problems with disparate systems is gg¢jreg data across the various desks in a
meaningful and timely fashion. Consolidated prafitl loss and risk management reports are
generally produced on an end of day (or by earlyning the following day) basis. There is a
move however, towards further integrating systentls the ultimate goal of intraday risk
monitoring.

Another problem arising from disparate systembesprocess of reconciliation between front and
back office systems. The process of reconciliaigorital as it helps identify differences in
exposures and profit and loss between front ankl bffice systems. This is a key step in fraud
protection but is generally a time consuming andunadly intensive process.

It is becoming increasingly apparent that it isrmegossible to design a “super” system to cover
all products across the different markets. Thealaim has shifted towards interfacing systems
and ensuring that front and back office systemsalsfige same language. The transition towards
systems that involve straight through processirzeoming more achievable across dealing
rooms, especially where products are relativelgddedised, such as foreign exchange. The end
result is an increase in efficiency as the protagely eliminates manual intervention and the
potential for human error. Banks are also movawgrds downloading relevant information

from various systems to a data “warehouse” whiches used to generate market and credit risk,
capital and other management reporting.

With advances in technology and the increasing @siglon risk management, there is a move
towards developing more sophisticated systems. pitideration of market risk software
packages has meant that even the smaller institutiow have access to relatively sophisticated
market risk management systems. One of the resltants in the industry is the continual



upgrading of systems as markets and conditionsgehaAn example of this is the use of
technology such as object oriented software thabeaeasily adapted to incorporate new
products and risks.

Institutions often run into practical problems whemplementing new systems across Treasury
operations. Implementation of a new system ofed significantly longer than expected
because of unanticipated delays in testing, debgggjiaining and implementation. In some
instances, the system might simply fail to livetagxpectations and may have to be modified or
scaled down to suit the trading environment. Imt@empt to address system implementation
problems, there has been a move towards havindieaded project team to monitor and co-
ordinate changes and ensure a smooth transition.

It is critical that systems development does ngtpieoduct development. Problems occur in
situations where systems are not capable of primgesausual, more structured transactions
conducted by front office staff. In many instanaeanual adjustments are required or the current
system has to be manipulated in order for the &etien to be processed increasing the
probability of fraudulent behaviour and the potahtor incorrect processing of transactions.

As well as the systems issues associated with megupts, it is essential that staff across the
entire institution understand the various risk®easged with the introduction of a new product.
This is where the new product approval processahastegral part to play. The process
generally involves detailed documentation outliniing characteristics and risks associated with a
new product and how these risks will be manageefoi® the product can be traded, sign-off is
generally required by the various areas acrosbdh& including the front office, back office,
accounting, financial control, risk control, intatudit and senior management.

2.Control Functions

Front office trading roles have traditionally beegarded as more prestigious and highly
remunerated than corresponding back office funstiddimilarly, the capabilities of front office
technology has often outstripped that of the bdfikeo There has been an increased focus
however, on back office processes, systems andmpezkespecially after the fallout surrounding
the recent trading disasters including Baringsywiaeand Sumitomo. These cases demonstrate
that it is often operational risk and a breakdowhasic internal controls rather than mispecified
risk management methodologies and systems thattpeggeatest risk.

Having truly independent back office staff who eamlerstand and analyse the risks associated
with more complex transactions, such as derivatirggsist as important as having competent
dealers who can trade these instruments. Thetgoalback office staff has steadily improved in
terms of educational requirements, experience amdineration. However, it still remains the
fact that the back office lags behind the frontoaff

There has been a shift towards re-structuring nfrobfunctions and the development of an
independent risk control unit. The primary funatiaf this unit is to provide an objective review
of the trading activities conducted by the frorfiagf. Under the market risk capital guidelines,
banks that use internal models must have an indgmemisk control unit that is responsible for
the design and implementation of the bank’s riskagament system.

At a practical level, risk control units vary ireticope of functions performed and in their level
of integrity and independence. The risk contrat'simesponsibilities range from treasury support
functions to comprehensive units dedicated to nooimig the risk management process. An
important requirement for a strong risk controltusiqualified personnel who can understand the
risk management information being produced. Aciogylgl, there is a move towards employing
ex-traders to head up the risk control functions.



A well resourced and effective internal audit usian important control function in the risk
management framework. A strong internal audit essqrovides management with a degree of
comfort in the sense that there is a monitoringativities by a unit independent of the trading
function. In this context, while a negative fingim an internal audit report clearly signals
problems, provided there are adequate follow-uggutares (to quickly resolve significant
weaknesses), the fact that the internal audit fanas able to highlight areas of concern is a
positive sign.

The size, focus and quality of the internal audiitdtion varies dramatically. Audit approaches
range from mechanistic ticking off of lists of qtieas to a more risk based focus. In the risk-
based approach the timing of audits is linked oglrceived riskiness of the particular business
environment. Areas identified as high risk, susfTeeasury, are subject to more frequent audits.
The strength and effectiveness of an internal aadin is a function of the resources devoted to
the area and how internal audit is perceived witheorganisation by senior executives, traders
and risk management staff.

3.Segregation of Duties

The clear segregation of duties is a fundameniatiple of internal control that has long been
recognised as the first line of protection agathstrisk of fraudulent or unauthorised activities.
It is important that there are clearly defined,apendent reporting lines for both the front office
and the back office/risk control functions. Thekaf a well defined reporting structure creates a
potential conflict of interest and the risk thatreotrading could be concealed, or incorrectly
reported.

4. Risk Management Methodologies

Risk measurement methodologies are becoming inogasophisticated and some form of
Value at Risk (VAR) model is generally used to gsaland monitor market risks. VAR models
aim to measure the potential loss on a portfolat Would result if relatively large adverse price
movements were to occur. VAR is used predominatla high level management tool with
structural limits, such as basis point values agtcbpen positions, used to influence trader
behaviour. VAR is, however, starting to be driviEwn to the dealer level as traders become
more sophisticated and measures such as risk edjpstformance (based on VAR) shape
behaviour and move capital to its most efficierd.us

A comprehensive stress testing program is an @aksapplement to a VAR model. Stress
testing involves subjecting trading portfolios teepected but possible shocks in market or
political conditions. This enables an institutiorevaluate its capacity to absorb potentiallydarg
losses and to identify steps that it can takedaoce its risk and conserve capital. The move
moving towards more regular stress testing is i peing driven by the market risk capital
requirements whereby banks using internal moddleirequired to submit the results of their
stress testing scenarios to the Reserve Bank oaréegly basis.

5.Asset and Liability Management

For a number of institutions with large balanceetti¢he interest rate risk lying within the
banking book is substantially greater than the etanikk sitting within the trading book.
Therefore, it is essential that a comprehensikemanagement framework is developed, that
effectively identifies, measures, monitors and oaatinterest rate risk exposures. In general,
increasing resources and attention is being deuotbdlance sheet risk management. Systems
used are becoming more sophisticated as institutiove away from traditional gap analysis to
simulation of net interest income and market vatiequity. State of the art techniques including
simulation and option type analysis are being weethalyse the risks underlying the balance



sheet in greater detail. The aim is not only tmage these risks but to add value to the entire
process.

The integrity and timeliness of data on currentigpmss is a key component of the risk
measurement process. One of the biggest hurdtégasming accurate, timely data across the
entire operation from retail banking to Treasufye problem arises because of the large number
of disparate systems that are used. This datagafmon problem implies that detailed analysis of
interest rate risk is usually only conducted onamthly basis. In the interim, however, major
movements in the balance sheet are monitored malier institutions, the problem of
aggregating data over a number of systems is sulsbareduced and this enables the
management of interest rate risk on a more freijo@sis, often using simpler techniques.

The complexity involved in modelling interest raitgk has meant that even Basle Committee on
Banking Supervision has deferred the developmeatazipital standard. The complexity arises
from the fact that as well as technical assumptarseconomic forecasts one needs to take into
account customer behavioural patterns, such ag-orga and prepayment behaviour, which is
hard to model accurately. In addition, the diffies associated with determining objective mark
to market values for assets and liabilities (fearaple, loans) introduces another level of
subjectivity to the process. Despite these conifpdsx the magnitude of potential interest rate
risk on the balance sheet implies that banks alsasedupervisors will devote more attention to
this area over the next few years.

6.Accrual versus Market Value Accounting

The question of whether transactions should besified as trading or investment is a widely
debated issue. The fundamental problem is thae e no clear rules that define the boundary
between investment and trading positions. Theemphtation of the market risk guidelines will
partly address this issue as each bank will beiredjto agree a trading book policy statement
with the Reserve Bank. The statement will establibich activities constitute the trading book
and the arrangements in place to prevent inap@i@switching of transactions between the
trading and banking books. The difficult issuelefining a trading book within the context of

the broad structure of a bank will be addressedrims of looking at the “substance” behind the
words of a trading book policy statement.

7 Market Trends

A well acknowledged trend is the maturing of mahyhe traditional trading markets. As
competition has increased and with products beapmiore commoditised, margins have
declined and this has lead to a fall in profitabiliThere has also been a decline in proprietary
trading in many banks as a result of lower margims$ generally lower levels of market volatility.
To counter this, there has been a push to incieaseme by expanding and generating more
value from the customer franchise. The rationslat customer generated business is more
sustainable and significantly less volatile thapppietary trading.

The general move is towards selectively targetiagkets where institutions have a comparative
advantage and attempting to build niches. An eXamipthis is the search for new, more
profitable markets, such as commodities and egeiated trading. Increasingly, institutions are
also attempting to capitalise on natural nichdsdal and international market and are focusing
attention on products and markets where they halebal edge.

Treasuries are moving away from being perceivea simply another profit centre to playing an
important role in the overall banking/customer tielaship. For example, banks are taking an
active role in educating customers about the iiskslved with various products, especially in



relation to exotic instruments. Banks visit cogderclients and make presentations to senior
management about the nature of the products anisitgeinvolved. A similar process of
education is occurring internally as banks maker@8oaembers more aware of the risks
underlying both the Treasury and asset and ligbiidnagement functions.
Conclusion
Four forces are driving increased awareness ofmmskagement practices: high profile trading
disasters; regulatory developments; advances imaogy; and the trend away from proprietary
trading towards customer generated business. arge losses at financial institutions
demonstrated that it is often operational risk arteakdown of basic internal controls that pose
the greatest threat. This has driven an increfmseds on back office processes, systems and
personnel. Regulatory developments, such as masketapital requirements and guidelines,
have also played their part in accelerating thepado of increasingly sophisticated
methodologies to analyse and monitor market ri§lexchnological advances have greatly aided
the adoption of these more sophisticated systdrhe. move away from proprietary trading and
towards customer generated business has incrdasediphasis on educating clients about the
risks involved in various products. This proceksducation has extended internally within
financial institutions. Increased awareness &f m&nagement practices should reduce the
likelihood of future large trading losses.

Appendix I: Trading Disasters
Barings made losses totalling $1.89billion duehi® einauthorised trading activities of Nick
Leeson. These activities went undetected as agarsce of a failure of management and other
internal controls of the most basic kind.
At Sumitomo Corporation, the company's chief cogpster lost an estimated $1.8billion on
futures contracts. Sumitomo did not separateatstfoffice trading activities from its back office
processing and control unit. The trader also rtepiby declined to take a holiday in his ten years
at Sumitomo, thus making it more difficult for atads to discover his wrongdoing.
At Daiwa bank, Toshihide Iguchi accumulated $1lidoil of losses over 11 years of bond trading
in New York. There were a number of internal cohiveaknesses at the bank including the fact
that Iguchi was responsible for both securitieditrg and custody operations and some related
back office functions.
The NatWest Group recently announceftl & million charge against pre-tax profits as a ltesfu
losses incurred in the London interest rate optmrsness.

Interest Rate Risk Management:
The Risk Point Method
Ravi E. Dattatreya
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Interest rate risk management is a major componendf any comprehensive risk

management program Duration is a popular tool
employed by sophisticated users for interest ratesk measurement. By effectively using it,
an institution can all but eliminate basic market tisk which is no longer a major concern.
Among the other types of interest rate risk, we faes onyield curverisk which has attained
importance recently. To model yield curve risk, wause a form of price sensitivity relative to
a specific hedge instrument. This number, called #risk point helps us use a variety of
hedge instruments to better handle yield curve risk
It is appropriate to look at the risk point conceptas a more complete description of risk
than just as a way to handle yield curve risk. Thiview is supported by the fact that the risk
point method is useful in several situations. It aaaccurately highlight yield curve risk in an
asset/liability context. In portfolio management, i can help us evaluate bond swap
opportunities more precisely. In structured investnent, it can help replicate portfolios in
indexing applications and in developing efficient bnchmarks. It can provide a superior
selection of bonds in dedicated portfolios. It cahelp create more robust immunization
strategies. It leads to more accurate hedge designtrading. Finally, it also provides more
insight into the current crop of exotic investments

l. Introduction
Institutions, i.e., investors as lenders and capons as borrowers, assume various types of
financial risk. These include liquidity risk, crédisk, currency and interest rate risk and option
convexity risk. In this chapter we will focus orterest rate risk. In addition, we will show how
the concepts developed apply to many other typesks as well. It is important to view interest
rate risk as an integral part of a comprehensslemanagement program. Risk management can
be defined as a systematic approach that attempt®vide a degree of protection to the
institution from risk and makes such risk acceaBiy complete interest rate risk management
program, therefore, should provide the necessamgdwork for the implementation of tA#'s
of risk management: measurement, monitoring, mcatifton and management.
Measurement - defines exactly what types of risks will be mge@ under the program. For each
risk, the appropriate risk measures and acceppabtedures for measurement are defined as
well.
Monitoring - sets forth the mechanics of locating which paftdhe institution are sources of
different forms and quantities of risk and the treqcy with which these risks will be measured
and reviewed. It puts in place the necessary systemd procedures to ensure that the information
can be and is obtained when desired.
Maodification - provides the risk manager with the tools neaggsamodify any particular risk to
desired levels. For example, here is where we haterwhether futures or swaps are appropriate
instruments for the institution and the limits armaqtities and purposes for which these will be
used. In actual use, optimization by the risk manage., selection of tools and quantity, is also
done here.



Management - is the collection of policies and procedurestfer exercise of the other three M's.
Here we define the upper and lowerbounds for eig&lcategory as well as the conditions under
which an action will be required to initiate the difacation step. In addition to routine policy,

this part of risk management includes some emeygeowers for the risk manager and
guidelines as to how and when these powers casdie As an example, the emergency powers
could include relaxation of the limits on the toolsamounts that can be employed.

In a way, we can compare risk management to a édrimsurance. It can shield the institution
from risk where its assumption is necessary. Fangte, in the absence of automobile insurance,
we would probably find the risks of driving a caragceptable. It is insurance that makes it
possible for us to drive. The main function of rreknagement is similar: it is to enable the
institution to be in business, that is, to assumeertecessary risks. For example, it facilitates a
bank to make long term loans that are in demanardégss of whether long term funding for the
loan is available, by providing acceptable techagto hedge the resultant interest rate risk. It
enables a multi-national corporation to engageusiriess overseas, shielding the firm from
changes in exchange rates. In general, the moeedg®d an institution, the more critical risk
management is to that institution. This is becaisseet worth then is a small fraction of the size
of its assets and even modest market moves calhiregude swings in the net worth. Risk
management is therefore simply the process of prasen of net worth.

The function of risk management is not just pratectrom risk. The safety achieved through it
also opens up opportunities for enhancing the oethwAn effective risk management program
can make it possible for an institution to takepositions that would have been considered too
large or too risky in the absence of the protectifiered by risk management. Such a program
can also enable an institution to enter into newir®ss areas as the demands of the marketplace
change and grow. In many cases these businessés mame been beyond the reach of the
institution without the comfort of the insuranceyided by risk management.

Every manager has two fundamental priorities. Tits¢ priority is to protect and preserve the
existing business or investment and provide damag#ol.The second priority is to enhance the
returns, strengthen the business and enrich theutnen. Risk management, as discussed above,
can be a vital ally to the manager in fulfillingede two needs.

There are several types of financial risk. Theskunte interest rate risk, currency risk, credikris
liquidity risk and option or convexity risk. Amorligese, some risks, e.g., interest rate risk and
option risk, fall neatly within the risk managemématmework mainly because it is possible to
guantify the risks easily and appropriate hedgielgicles are available. Any acceptable risk
management policy will also help measure and mohdgaidity risk and provide suitable
strategies for its management. Other risks are wmmglex to manage. Consider credit risk. It is
difficult to manage it in the traditional senseislbest controlled by limiting it before it is
assumed.

The focus of our attention in this chapter willthe quantifiable risks, interest rate risk in
particular. As a consequence, we will be dealinghipavith risks associated with fixed income
assets and liabilities.

Il. Measures of Interest Rate Risk
As a first step in developing a framework for maknagement, we have to define interest rate
risk and determine an acceptable way to measuretius briefly review the basic definitions.



Interest Rate Risk - We measure interest rate risk by
consideringprice sensitivity, that is, the change in the value of an asseability cash flow in
response to a change in interest rates. More plgcjzice sensitivity is expressed as the dollar
change (or, some times, a percentage change)ue @l a unit change in interest rates. This unit
is most often one basis point or 100 basis points.

Different fixed income instruments have differeztéls of interest rate risk. Various risk
measures are available, each with its own advasitage problems.

Maturity - The term to maturity is an indicator of intereste risk. Longer maturity bonds usually
move more in price than shorter maturity bonds. Elmv, this ordering does not always hold.
Maturity takes into account only the timing of tieal principal flow in a fixed rate bond, and
ignores other important information such as the aizd timing of other cash flows. The actual
interest rate sensitivity depends upon these faeod therefore, maturity, though sometimes
useful, is only an approximate indicator of riskatMrity is also not a cardinal measure, that is, it
does nofuantify risk.

Duration - It is possible to blend information containedhe size and timing of all cash flows
into one number, calleduration, that can be a more useful measure of risk. Damasi the
weighted average time of all of the cash flows, wlegghts being the present values of the cash
flows. For bonds with only one cash flow, e.g. ozeoupon bonds and money market
instruments, duration is equal to maturity. Foreoth duration will be shorter than maturity.

It turns out that by slightly adjusting duration diyiding by a factor (1+Y) where Y is the annual
yield to maturity of the bond in decimal form, wet ghodified duration which is exactly equal to
the price sensitivity of the bond as we have defiaeove. Since the adjustment factor is very
close to one, duration and modified duration cangdesl interchangeably in most situations. This
is also justified because duration is an approx@matasure anyway. By this reasoning, we
diligently avoid the common temptation to dwelltbie (inconsequential) difference between the
two durations.

We can also think of duration of a security asrttegurity of a zero coupon bond of equal price

sensitivity. This definition is a more general one in
that it can be used with more complex securitieh &8 options and with leveraged positions. For
example, if the duration of an option is 150, mgly means that the price sensitivity of the

option is equal to that of a zero coupon bond dlunig equal to 150 years. Some instruments
(e.g., options) can have negative duration whichbmrepresented by short positions in zero
coupon bonds.

Dollar Duration Duration represents thpercentage change in value in response to a change in
rates. By weighting duration by the value of a haidthat is, by multiplying the market value of

a holding by its duration (expressed as a decimalgntage), we get dollar-weighted duration.
Known asdollar duration, this number represents the actual dollar cham¢jeei market value of



a holding in a bond in response to a 100 basig pbenge in rates. When expressed as a dollar
change per one basis point move in rates, dollatidun is sometimes called tpeice value of a
basis point, or, PVBP. Other than the factor of 100, there is littlefeli€nce between dollar
duration and PVBP.

The major advantage of using dollar duration i¢ thia additive. The concept, therefore, extends
easily from individual securities to portfolios. &dollar duration of a portfolio is simply the
(algebraic) sum of the dollar durations of the widiial holdings.

Convexity Duration (or dollar duration) is not a constahtHanges as a result of changes in
market rates and because of passage of time.fptesfixed coupon bonds, the dollar duration
increases when the rates fall. That is, as the ehaallies (i.e., as rates fall), for each sucaessi
basis point move down, the bond price increasas aicreasing rate. Similarly, if rates increase
and the market declines, the rate of decline skhoven as the rates rise. This property is called
convexity. It is a desirable property in an asset sinceptiee sensitivity changes in a way
beneficial to the holder of the asset.

There are certain securities with option-like feasusuch as callable corporate bonds and

mortgage backed securities that show a contrary
behavior: their duration can fall in rallying mat&end increase in falling markets. This property,
callednegative convexity, is not a desirable property in an asset, unkgisaldy compensated, as
the price sensitivity moves in a way not benefitiaihe holder.

In most situations, convexity is a second ordezatfithat is, its influence on the price behavior o
a bond is small compared to that of duration. Havefor large moves in market rates, for highly
leveraged positions, and where option-like feataresnvolved, convexity can be important.

. Yield Curve Risk
Several years of use of the duration concept hpari@d the ability to most financial institutions
to all but eliminate market risk via prudent hedgactivities. As a result of this, other residual
risks have gained prominence. Some of these resk$e dominant in many situations, and,
among them, the most importantisld curverisk, and deserves a detailed treatment. In
particular, yield curve risk can be significantortfolios containing options, some mortgage
derivative and most exotic securities.
As usually stated, duration of a fixed income agseliability) is the price sensitivity relative t
its own yield. Therefore, when we use durationifedging purposes, we are implicitly assuming
that the yield levels of the various assets arilliiees move in parallel, that is, in equal amaunt
In fact, however, different credit, coupon or méjusectors of the market move differently in
terms of their yield. This difference is known he basis risk among the sectddasis risk with
respect to different maturity sectors is also kn@asyield curverisk and represents changes in
the yield curve that are not parallel shifts. Thiestude the so called reshaping shifts, e.g.,teyis
pivoting moves, steepening and flattening.



In general, basis risk is difficult to measure and

hedge. Most hedging vehicles address market

risk, e.g.,, changes in the Treasury rates, not basis
risk. It is possible to take the view that only kedrrisk is hedgeable and treat basis risk as a
prudent business risk that an institution haske.t&his is the only approach in dealing with

certain types of basis risk, e.g., credit risk.

A risk measure can be considered more complete &mdpo a simple measure such as duration
if we can incorporate some of the important baslssr Fortunately, it is possible to address yield
curve risk in many acceptable ways. By necesgiigh @ broader risk measure will be more than
just one number.

One method is to divide assets and liabilities srt@ller maturity baskets, and analyze each
basket separately. If each basket covers a suftigismall maturity range, then we can assume
that the yield curve risk is acceptably small witthat range. In a hedging application, we would
use hedging instruments suitable for that matwaihge to match dollar durations. In an
asset/liability context, if each basket or secsamatched, using appropriate hedges as required,
then the assets and liabilities are matched asodevidecause of the additivity property of dollar
duration. To the extent that the yields of all é&ssad liabilities as well as the hedging
instruments used within a sector move in step,apoach is satisfactory.

There is a problem, however. It turns out thatsetof a given maturity might react to changes
in rates in another maturity. Consider, for exampl&0-year bond with a coupon of 10%. The
cash flow from this bond occurs every six monthsulhout its life. Since the value of a bond is
simply the sum of the present values of the indiglctash flows, it stands to reason that the
value of the 10-year bond could be influenced Iy changes not just in the 10-year maturity but
also in all shorter maturities representing théndtswvs.

In this context, it is appropriate to clarify wive¢ mean by a ‘rate.' In fixed income analysis, we
use two type of reference interest rates: full @vugates and spot or zero-coupon rates. Full
coupon rates are analogous to the yield to matantgonds trading at or close to par, e.g., the
yield on an on-the-run (current coupon) Treasuhge $pot rate for a given maturity, on the other
hand, is the yield on a zero coupon bond with nnaturity. When dealing with individual cash
flows, e.g., for discounting, it is appropriateutge spot rates; when dealing with bonds trading
near par, full coupon rate can be used.

Since a bond is just a collection of cash flonsyield is a complex blend of the individual spot
rates corresponding to the coupon and principaldldGiven the spot rate curve, we can easily



determine the coupon yield curve. Conversely, amgispot rate is complex blend of all shorter-
maturity coupon rates. Given the coupon rate cuweegan determine the spot rate curve. In
summary, a given spot rate depends upon all intdiateecoupon rates; a given coupon rate
depends upon all intermediate spot rates.

The value of a 10-year par bond, then, respond$ totermediate spot rates, but depends only on
the 10-year coupon rate. Thus, to hedge a 10-ywdvgnd, all that we need is another 10-year
bond, e.g., the current 10-year Treasury. If weéhwsuse zero coupon bonds for hedging, then a
10-year zero coupon bond and smaller amounts aftelimediate maturity zero coupon bonds
will be required for hedging. Similarly, a singlash flow occurring in the tenth year can be
efficiently hedged by a 10-year zero coupon bonuti@ other hand, if we wish to use current
coupon Treasuries for hedging, then, in additiothto10-year Treasury, we will also need

shorter maturity Treasuries.

If the bond we are hedging is not priced at panti behaves like the combination of a 10-year
full coupon bond and a 10-year zero coupon bondekample, a $100mm holding of a 9% bond
selling at 90 can be viewed as the sum of $90menidf% par bond and $10mm of a zero coupon

bond. Thus the sensitivity of the 10-year discount
bond is the sum of that of each of its componértte. hedge for a bond not near par, therefore, is
a blend of the hedges for a zero and that forlafwipon

bond.

In summary, then, an asset (or a liability) of egi maturity might respond to spot or coupon rate
changes in other shorter maturities. Thereforenees to do more than simply group the assets
and liabilities in maturity sectors.

One way to handle this problem is to first breatvd@ach asset and liability into its cash flow
components. Then the individual cash flows canrbamed into maturity buckets. Now, the price
sensitivity of each sector is more clearly defir@deast with respect to spot rates corresponding
to each sector.

The cash flow approach provides very valuable htsigto the relative natures of the assets and
the liabilities. However, it represents risk inntearof spot rate, that is, in terms of zero coupon
bonds which are rarely used for hedging. A morénstigated approach is tiiesk point method,

discussed below.

I\VV. Toward a More Complete Risk Measure: The Risk Bint Concept



Since risk is a measure of change in value, itdstdo reason that risk management and security
valuation ought to be closely related. Therefdres advantageous to use a model that integrates
these two aspects. The risk point method attenyatis imtegration. It also has the practical
advantage that it measures risk relative to aviailaedging instruments.
We define theisk point of a security or portfolio with reference to a gfie hedge instrument.
For this reason, it can also be caltethtive dollar

duration. It represents the change in the value of the
security or portfolio due to a one-basis point geim the yield of the hedge. If we divide the risk
point by the dollar duration or PVBP of the hedge,get the dollar amount of the hedge
instrument to be used as a hedge. This hedge amduptotect the portfolio against risk from
small changes in the market sector representeldeblyedge

instrument.

Unlike PVBP or dollar duration which measurestibtal interest rate risk, the risk point
measures only one component of the total risk. @bmponent represents the risk due to a
change in rates in a given maturity sector. Thusletermine a complete risk or hedge, we need a
full set of risk points, relative to a set of hedgstruments. From this set of risk points we can
determine the portfolio of hedge instruments thiitivedge a given portfolio.

The risk point method consists of three main steps:

A. We first list the hedge vehicles that we ardingl to use.

A. We then apply a model that values the assetdianitities relative to the prices of the hedge
vehicles.

A. We change the yield or price of one of the hedg&uments by a small amount, keeping all
other yields and prices the same. With the newdyigk revalue the portfolio again. The change

in its value (expressed as dollars per one-basig po
change) is the risk point of the portfolio. We te2 amount of the hedge instrument needed for
hedging by simply equating the PVBP of the hedgieaisk point of the

portfolio.
This procedure is explained more fully in the nettion.



V. An Implementation of the Risk Point Method
The essential part of the risk point method is a@ehthat values the assets and liabilities relative
to the hedge instruments chosen. In order to betaldeal with a variety of assets and liabilities,
the set of hedges chosen must also be broad. Anpeaf a practical implementation of the
method follows.
Hedge Instruments. - For our example, we include all the current @oupreasury bonds and
notes in the set of hedge instruments that we densr-Bills are included to handle cash flows
occurring in the short term.
Valuation Model. - We will use a simple, but effective, valuationael. The procedure will be to
value each financial instrument as the sum of theodinted present values of the cash flows
generated by the instrument. We must first detegrtiiedi scount function, i.e., all the discount
factors that will be used for this procedure. Tikia two-step process.
In the first step, to obtain appropriate spreadsveduate cash flows from corporate bonds, we

include spreads from the interest rate swap market.
The composite rate, i.e., the sum of the Treasiatd ynd the spread, is called tbee bond yield

(SeeTable 1.

, It represents the yield on par bonds of the credit
quality represented by the spreads used. We treshnesar

interpolation to generate thpgar curve, i.e., par bond
yields at all maturities (See ColumnTable 9.

The second step is to determine the zero curvegoiyalently, the discount factors, from the par
curve. Discount factors can be derived sequentiiaiy the par curve one after another. This
process is calledootstrapping. This procedure builds the zero curve in a stegtbp or

inductive manner. For each maturity, it uses tlece ttaat the price of a bond is the sum of the
present values of all the cash flows (coupon anttjpal) from the bond. It is best illustrated
using algebraic notation.

Suppose we have already determined the first n-aamial discount factors, f1, f2, ..., fn. Then
the discount factor for the next period, f(n+1§letermined using the following relationship:



l=cxfl+cxf2+..+cxfn+ (1+c)x f(n+1)
where the left-hand side, 1, represents the pfipag c is the semi-annual coupon payment (one-
half of the par rate) and (1+c) represents thd pagment with principal and interest for a par
bond maturing at the end of the (n+1)th period.n&afche factors of the form (c x f1) represents
the present value of a cash flow. The relationshigply says that the sum of the present values
of all cash flows is equal to the price of the bofilde required discount factor, f(n+1), is
therefore given by:

fln+l)=[1-(cxfl+cxf2+ ..+ cxfn)

(1+c)
Or,
f(n+1)=[1-cx (f1 + f2 + ... fn)]

(1+c)

Thus, given the par curve, if we know the firstcdignt factor, we can compute all other discount
factors sequentially. The first discount factoe&sy to determine since the six-month par rate is
also a six-month zero rate since a six-month (ssemiial) bond has just one cash flow.
From the discount factors, it is easy to compugezidro rates. The nth zero rate, zn, is related to
the nth discount factor, fn, via the relationship:

fn* (1+zn/2)"n =1,

FnX(1+(Zn/2))*n=1
assuming semi-annual compounding. The interpolagéedurve (Column 3), the discount
function (Column 4) and the zero rates (Columnré)adl shown irnrable

2.

Once the discount function or the spot rate cusdabwn, the value of any security is simply the
sum of the present values of its cash flows, distadiat the appropriate spot rate. This is shown
in Table 3for a 10-year bond with a coupon of 10%. Eachgmesalue (Column 5) is simply the
product of the cash flow (Column 4) and the coroesiing discount factor (Column 2). The total
PV, 114.740102, is the value of the bond.

Determination of Risk Points. To determine the risk point corresponding tovegihedge, the
following steps are taken: First, the yield on ieelge instrument is changed by one basis point.
Then the spot rates are recomputed using this mie@ for the particular hedge instrument,
keeping the prices (and yields) for all other hexddpe same as before. The value of the asset (or
liability or portfolio) is now recomputed. The clgmin the value of the asset due the change in
the yield of the hedge gives us the risk pointhef @&sset relative to that hedge instrument. This
procedure is repeated for all hedge instrumentisarset of hedges chosen. The risk point relative
to a hedge can be used to determine the amoulné dfetdge to be bought (or sold) to hedge it
against changes in the price of that hedge.

To illustrate this procedure, let us increase ibk&lyon the 10-year Treasury from 7.466% (from
Table 3 by one basis point to 7.476%. The compositechsages from 7.876% to 7.886%. The
new discount functions and zero rates are record@genTable 4(compare withlrable




2 ). The computation of the new value of the 10%
bond under study is shownTrable 5(compare withilrable 3. The value of the bond has fallen
from 114.740102 to 114.667571, that is, by 0.07238ids number is the change in dollars for
every $100 par holding of the bond. This is thk psint for the 10% bond relative to the 10-year
Treasury.

The risk point is usually computed for a given palding of a security. In analytical situations
where the par holding is hypothetical, it is corieahto express it as dollars per $10,000 par

holding. This makes the risk point number roughly
comparable to duration or dollar duration. The psints for this bond relative to all the other
hedges are shown in Tallable 6(Column 5) on this basis, i.e., for a $10,000hmding. Also
shown here are a few other results that should beesest to risk managers. Column 6 shows
the fraction (as a percentage) of the total rigkesented by any given sector. For example,
approximately 95.4% of the risk in this bond ighe 10-year sector. Column 6 expresses the risk
point as a percentage of the total value of thelb®he numbers in this column are similar to
duration. These two columns, along with the risinfsthemselves, form a more complete

picture of the risk in the 10% bond under consitienaExhibit 1 shows a graphical depiction of
the risk points. We call the collection of risk pts therisk profile or therisk point profile.

VI. Properties of Risk Points
Table 6also shows the sum of all the risk points, callextotal

risk . This number, 7.600610, is

similar the PVBP for the bond as it represents the
change in the value of the bond due to a paraltelawp of the yield curve by one basis point. If
this is expressed as a percentage of total valtleediond Table § Column 7, last row), then we
get a number similar to the duration of the bond.
At first blush, it seems as though total risk wiltrease or decrease based upon the selection of
hedge instruments. However, the risk point metlsaglite robust, and under most conditions
handles arbitrary selection of hedge instruments wer example, let us delete the 5-year



Treasury from the hedge instrument list, and readmfhe par curve, zero curve and the risk
points.Table 7shows the new risk points and total risk. Note tilogvrisk in the 7-year sector has
been redistributed between the 3-year and the a0sgxtors.

The risk points have another interesting prop&tnsider again the 10% coupon, 10-year bond
above. The collection of risk points actually resanets a portfolio of hedging Treasuries, called
the hedge portfolio. This portfolio has the property that its riskhe same as that of the bond.
When a portfolio is designed so as to match theaisnother, then the former is called an
immunizing or duration-matching portfolio. In addition, the cash flow from thisypiolio is close

to that of the cash flow from the bond. When afptid is designed so that its cash flows match
that of another, the former is calledealicated portfolio. The hedge portfolio is always
immunizing or duration matching. The larger the bemof hedge instruments, the closer the
hedge portfolio comes to a fully dedicated pordoli

There is one difference between the dedicatedg@iarih this context and the one used in
structured investments. In the latter, only positimldings are considered whereas in our hedging
portfolio, negative holdings, i.e., short positipase quite common.

Finally, risk points are additive, in two ways. Ti&k point in any sector for a portfolio can be
computed easily by simply adding the risk pointthiait sector of all bonds in the portfolio. In
addition, we can quickly compute the risk point&doroader sector by adding the risk points for
all the smaller sectors within.

Table 8andTable 9show the risk points for a
various common fixed income investments. It isr@séing to look at the risk profile for an exotic

structure. in Table 10 we show the profile for a 3-

year note that pays coupons equal to the 5-yegy sata less a fixed spread. Such a note is called
a CMS note or Constant Maturity Swap rate note.ddwgon on the note is reset semi-annually.
Simple duration analysis will treat the note essdigitas a floating rate instrument, implying a
small duration or risk. The risk point profil€gble 9 Column 5), however, reveals that the CMS
note has negative and positive risks. In factnibie is bullish on rates up to 3 years and bearish
on rates beyond that. In particular, the note tsksim the 5- and 10-year maturities even thought
it is only has a 3-year maturity.

VII. Applications of the Risk Point Method
The risk point method, being a more complete amdprehensive measure of interest rate risk,
can be used wherever other simple measures sultiratgon are currently being used. We
provide here a brief review.
Hedging. This is the most common use of duration, and ftbezeof risk points. Common
duration analysis not only gives us just a cruda@amation for the hedge, but it also fails to



provide critical information as to which hedge mstents are optimal to use. On the other hand,
the risk point method correctly identifies the miajsks in a portfolio and directly generates the
portfolio of hedge instruments best suited forlikdging task. Since the starting point for the risk
point method is the selection of hedge instrumemshave full control over which hedge
instruments will be considered for hedging from olset.

The par amount of any hedge instrument requirdcbtige a portfolio can be determined by

dividing the risk point of the portfolio by the P¥B

of the hedge instrument. For example, considefl@¥é coupon bond again. For every $100 of
the bond, we need $104.5370 (7.253094/6.93830@)e0f0-year Treasury as a component of the
hedge.

Indexing. As a structured portfolio methodology, indexingjiste common. Indexing requires

one to manage a portfolio in such a way that thame from the portfolio track that from a given
bond index, e.g., various Lehman Brothers indexeéeeMerrill Lynch Government Bond Index.
A common technique is to purchase, as far as gesslite same bonds as in the index in the same
proportions. The effectiveness of this techniguemged because indexes almost always have
too many bonds in them and most of these are raoliaée at fair prices in the quantities

required. An alternative is to manage the portfdliwation to match the published duration of the
index as closely as possible. This technique alliv@snanager to pick bonds that are relatively
cheap for the portfolio.

Stuation. A portfolio manager is running an indexed funditie an index with a duration of 5
years. Given the bearish mood of the market, theagex decides to keep the duration of the fund
short, at 4.5 years. Rates do climb. However, tarager finds that the fund has barely kept up
with the index, and has not out-performed the inaerxpected. Further analysis reveals that the
yield curve has steepened as the rates rose. Tildenfalds a relatively large amount of 10-year
bonds which have suffered a loss. Thus duratioiag in normal situations, and using a
shorter duration in a bearish market, provide rargntee that expected results will be obtained.

The reason is that duration is an over simplifaati

A superior way to index is to first determine the full
risk point profile of the index and then manageftivel against this profile as a guide. Then the
manager will know what types of yield curve bets ianplied in the fund's portfolio.
Immunization and Dedication. Another popular application of duration is in imnzation. If we
are managing a portfolio in order to meet a spetdbility in the future, immunization calls for
balancing the portfolio so that the duration of pleetfolio equals the duration of the liability.



This procedure is a based on a parallel shift apomfor yield curve moves. Therefore, it is
subject to the same types of surprises sufferatidindex fund manager above.

A more robust approach is to determine the riskigaiofile of the liability and match this to the
risk profile of the portfolio. In this sense, immuation is not much different from index fund
management.

In dedicated portfolios, a common strategy is hematch for in the early years and use
immunization in later years. Again, this strategn e made more robust by using risk point
matching rather than just duration matching intihek years.

Benchmarking. In many industrial corporations, the performaat#he liability portfolio is
measured against a benchmark portfolio. In manyswidns procedure resembles indexing. Again
we recommend use of the risk point profile for ngang the liabilities. Perhaps, the creation of
the benchmark portfolio itself can benefit fromsthethod.

Scenario Analysis. One use of duration is in scenario analysis. Updeallel shift assumptions,
we can quickly determine the change in the value pdrtfolio from its duration. This use of
duration is limited to parallel shifts, and faitsreveal risks due to reshaping shifts of the yield
curve. Using the risk point profile of the portfliit is easy to carry out scenario analysis
including yield curve twists and other reshapingtshFor example, in the case of the 10%
coupon bond abov@éble §, if the 10-year rate moves up by 10 b.p. ancbtyear rates move
up by 5 b.p. and the other rates are unchangeul tiieechange in the value of a $10,000 holding
can be estimated to be $73.825740 (10 x $7.253(®4 $0.258960).

Bond Swap Transactions. A common bond swap transaction is to swap a bond (a bullet) for a

pair of bonds (the dumbbell) in such a way that the duration of the dumbbell is equal to that of

the bullet. Even though it is difficult to match the risk point profiles of the bullet and the

dumbbell, the profiles provide accurate clues as to where the risks and bets in the transaction

might be.

VIii. Extensions
The application of the risk point method is notited to securities with simple, known and fixed
cash flows. It is in fact a general approach amdizaused to hedge virtually all instruments. As
long as a security can be valued relative to afseédge instruments, the method is applicable.
For example, suppose that we are considering aonoph a 10-year zero coupon bond. Then, we
can easily determine the risk point for the optigrfirst determining the change in the price of
the zero relative to the current 10-year Treastegondly, we determine the corresponding
change in the price of the option due the changkearzero price. This directly gives us the risk
point of the option relative to the current 10-year

Treasury.
The concept can also be extended to include rigles than interest rate risk. For example,
suppose that we would like to hedge the optiorhenlD-year zero coupon bond against changes
in volatility. We would choose a hedge instrumérat tresponds to volatility, such as an option on
the current 10-year Treasury. To determine thep@ht, called thevolatility risk point, which
can be defined in various ways, we compute thegdhanthe value of the hedge as well as the



option on the zero per unit change in the volgtillthe ratio of the two represents the risk point
of the option relative to the hedge with respeatdiatility. This number is the number of units of
the hedge-instrument required to hedge the optiothe zero to protect against changes in
volatility.

In addition to volatility risk, we can similarly @iee risk points for stock market risk, exchange
rate risk, commodity price risk, credit risk, ettie two key factors in such extensions are the
availability of appropriate hedge instruments an@laation model.

Convexity. We can also extend the idea of duration-like pisint to convexity. Convexity
basically measures the non-linear relationship betwthe cause (change in the reference rate)
and the effect (value or price of a security). @uag to measure the non-linearity is to look at the
difference between a linear estimate and the avalaé. InTable 11 we show the difference
between the change in the value of the 10% bond fid¥ basis point change in the yield of a
hedge (Column 6) and 10 times the change in valua . basis point change in yield (i.e., the
risk point, Column 5). The result, Column 7, carchbed the convexity points.

There is another way to determine convexity, asable 12 We can move the entire yield

curve by a small amount (10 basis points), and re-
compute the risk points. The difference betweernriiiepoints computed before (Column 5) and
after (Column 6) the parallel shift. The resultlwépresent a type of convexity

points.

It is difficult to pinpoint exactly how the conveyipoints ought to be used as convexity itself is a
second-order effect. Nonetheless, we recommendukej even for just monitoring purposes, by
the risk manager. This is especially so when exsgaurities are involved.

IX. Market Volatility and Value-at-Risk Analysis
The risk points are static numbers in the sendeltles are properties of securities, not of the
market. However, it is straightforward to incorpgerdata that describe market dynamics such as
variance (or volatility) and covariance of priceslaields.
One way to include volatility is to simply multiptire risk point relative to a hedge by the
standard deviation for that hedge. For examplepasg that the risk point for a portfolio is
$10,000 per basis point change in the 5-year TrgaSuppose also that the yield of the 5-year
Treasury changes about 3 basis points per dayeoavitrage. Then, we can say that the value of
the portfolio changes about $30,000 (3 basis paimss $10,000 per basis point) per day on the
average due to changes in the yield of the 5-yezaisury.
We can extend this idea further. Value-at-Risk (\JARa portfolio represents the amount of loss
that could result with a given probability. Suppdtisat the probability that a portfolio can lose
more than $2 million over a one-week horizon is lggmn 3%. Then the VAR for the portfolio is
$2 million, that is, with 97% confidence, we cay Hzat the loss in the portfolio is going to be



less than $2 million over the one-week horizonfd@ént confidence bands and horizon periods
are used in different contexts. In order to estintaeé VAR of a portfolio, we not only have to
estimate the price volatility of each securitylie portfolio, but also the correlation for eachr pai
of securities. In order to limit the task of dastimation to a manageable level, that is, to reduce
the number of pair-correlations that need to bienadéd, some type of mapping is usually
applied. The RiskMetrics methodology includes amehsmapping. In this context, a mapping is a
representation of the portfolio in a simpler, moeetable format.

The risk point concept also leads to an efficieapping. Recall that the vector of risk points
represents a portfolio, called the equivalent ptidf of hedge instruments with equal risk. If the
hedge instruments, relative to which the risk poare computed, are carefully chosen, then the
equivalent portfolio is an excellent representapieetfolio or mapping for VAR computation.
Since the risk point concept is driven by a valwatnodel, this approach ensures that the
mapping is not ad hoc as in other methodologiesisthased on robust and valid analytical
reasoning. In addition, VAR analysis based on islepoint concept can handle more complex
securities in the portfolio including options.

X. Conclusion and Summary
In this chapter, we have presented the risk pantept as a more complete measure of interest
rate risk than other commonly used measures sudbration. The concept adds value in almost
all situations where duration is used, includingdding, immunization, dedication, indexation,
bond swapping and scenario analysis. The risk maointept is especially valuable in the
management of portfolios including options and naéshe complex modern financial
instruments. We recommend that the risk point nettheused as an integral part of a
comprehensive risk management program. in risk gemant, as in most important situations,
our policy is to reject the black box approach.@Bgviding more insight into the nature of risk,
the risk point method takes us one step away frenbtack box, one step closer to our ideal.



